
Univ
ers

ity
 of

 C
ap

e T
ow

n

 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 



Univ
ers

ity
 of

 C
ap

e T
ow

n

 I

Molecular diversity of faecal Lactobacillus species in 

stone-free black and white South African population 

groups and their possible role in kidney stone disease 
 

 

 

 

 

Cliff A. Magwira 

 

 

 

A thesis submitted in partial fulfilment of the requirements for the degree of 

Doctor of Philosophy in the Department of Molecular and Cell Biology, 

University of Cape Town 

 

February 2008 

 



Univ
ers

ity
 of

 C
ap

e T
ow

n

 II

Certification of supervisors 

 

In terms of the “General rules for the degree of Doctor of Philosophy (Ph.D)”, paragraph GP5.2, 

we, the supervisors of the candidate Cliff A Magwira, support the submission of this thesis for 

examination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assoc. Prof. V.R. Abratt                                                                      Assoc. Prof. S. J. Reid 

Department of Molecular and                                                Department of Molecular and  

Cell Biology                                                                                                            Cell Biology 

University of Cape Town                                                                University of Cape Town 

 

 



Univ
ers

ity
 of

 C
ap

e T
ow

n

 III

                                      Acknowledgements 

I would like to thank my supervisors Assoc. Prof. V. R. Abratt and Assoc. Prof. S. J. Reid for 

their faith, guidance, encouragement and endless support during laboratory work and preparation 

of this thesis. I would also like to thank Prof. A. Rodgers and the Kidney Stone Research Unit 

(UCT) for providing the sample population and assistance on oxalate assays. Thank you to all 

members of Anaerobe Unit (UCT) for providing a conducive environment for my studies. I 

should also thank Di James for sequencing and Pei-yin Ma for the primers. 

 

Personally, I would like to express my gratitude to my mum, family and friends for standing by 

me throughout the programme. More importantly, I wish to thank God for making everything 

possible. 

 

I am grateful and acknowledge the project funding from National Research Foundation (RSA) 

and Volkswagen Foundation (Germany). 

 

 

 

 

 

 

 



Univ
ers

ity
 of

 C
ap

e T
ow

n

 IV

CONTENTS 

ABSTRACT………………………………………………………………………………….V 

 

ABBREVIATIONS………………………………………………………………………..VII 

 

CHAPTER 1  General introduction…………………………………………………………1 

 

CHAPTER 2  Optimisation of primers, PCR and denaturing gradient gel electrophoresis  

                         conditions for determination of faecal Lactobacillus spp………….………..22 

 

CHAPTER 3  Molecular diversity of faecal Lactobacillus species in white and black South   

                         African male population groups as determined by PCR-DGGE……………46 

 

CHAPTER 4  Quantification and comparison of oxalate-degrading bacteria in stone-free 

                        black and white South African population groups by real time PCR……….68 

 

CHAPTER 5  Oxalate utilisation capacities of culturable Lactobacillus spp in stone-free   

                         black and white male South Africans, and identification of novel oxalate- 

                         utilising strains……………………………………………………………...84 

 

 

CHAPTER 6  General conclusions………………………………………………………..113 

LITERATURE CITED…………………………………………………………………...119



Univ
ers

ity
 of

 C
ap

e T
ow

n

 1

Chapter 1 

General Introduction 
Contents 

1.1 Kidney stone disease……………………………………………………………………….2 

1.2 Oxalate and kidney stone disease…………………………………………………………2 

1.3 Prevalence and risk factors associated with kidney stone disease……………………...3 

       1.3.1 Race and sex………………………………………………………………………….4 

       1.3.2 Climate and season…………………………………………………………………...5 

 1.3.3 Diet and nutrition………………………………………………………………. ……5 

1.4 Treatment of kidney stone disease………………………………………………………..6 

1.5 Intestinal oxalate-degrading bacteria…………………………………………………….7 

1.5.1Oxalate-degrading bacteria and kidney stones…………………………..………….....8 

      1.5.2 Lactic acid bacteria……………………………………………………………............9 

1.6 General introduction to Lactobacillus sp……………………………………………..…10 

1.7 Prevalence of Lactobacillus spp. in human faecal material…………………………….11 

1.8 Factors affecting composition and number of lactobacilli and other gut microbiota..11 

      1.8.1 Antibiotic therapy……………………………………………………………………11 

      1.8.2 Nutrition and diet…………………………………………………………………… 13 

      1.8.3 Age and sex………………………………………………………………………..... 13 

1.9 Probiotic effects of Lactobacillus spp……………………………………………………14 

1.10 Oxalate metabolism in Lactobacillus spp………………………………………………15 

1.11 Detection of lactobacilli in faecal samples……………………………………………..17 

1.11.1 Denaturing gradient gel electrophoresis (DGGE)………………………….……….18 

1.12 Statement of the problem……………………………………………………………… 20 

1.13 Objectives of the study……………………………………………………………….. ..21 

 

 

 

 

 

 



Univ
ers

ity
 of

 C
ap

e T
ow

n

 2

1.1 Kidney stone disease 

Kidney stones, also known clinically as nephrolithiases, urolithiases or renal calculi, are 

hardened deposits of dissolved minerals in urine that form in the kidneys or ureter. Not only 

are they common, but kidney stones are also the most painful disorders of the urinary tract that 

has affected humans for centuries (Reviewed in Gürocak and Küpeli, 2006). They are formed 

when normal crystallisation conditions of urine in the urinary tract are changed (Grases et al., 

2006). When urine becomes concentrated, high levels of body excretions that do not dissolve 

completely may form crystals that slowly develop into kidney stones. The chemical 

composition of these stones depends on the substance imbalance in the urine and based on 

these, kidney stones are broadly categorised into calcium, uric acid, struvite, and cystine stones 

(Parmar, 2004). Calcium stones are composed of calcium that is chemically bound to oxalate 

or phosphate or both. Calcium oxalate stones are reported to be the most commonly 

encountered category of kidney stones (Parmar, 2004).  

 

1.2. Oxalate and kidney stone disease 

Oxalate is a highly oxidised and corrosive compound widely distributed in plants (Stewarts et 

al., 2004). It is also found in animals, including humans, either as a by-product of metabolism of 

glycine, glyoxylate and ascorbic acid (Holmes and Assimos, 1998), or it is ingested from 

common foods and beverages such as coffee, tea, chocolate, rhubarb, spinach, peanuts, whole-

wheat bread, tomatoes and other vegetables (see Table 1.1, section 1.3.3). The human body does 

not metabolise oxalate and most of it is either degraded by intestinal bacteria, or it is absorbed in 

the colon and excreted in urine (Balaji and Menon, 1997). The concentration of urinary oxalate 

is thought to be critical in the formation and development of kidney stones. An increase in 
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intestinal absorption of oxalate may lead to, among other pathological conditions, hyperoxaluria 

(Schwille and Hermann, 1992). Hyperoxaluria is reported to significantly increase the risk of 

precipitation of oxalate with cations such as Ca2+, Mg2+ and others to form crystals that are 

commonly known as kidney stones (Leumann and Hoppe, 2001; Leiske and Deganello, 1999). 

Over 80% of these stones are reported to be calcium oxalate in nature (Liebman and Costa, 

2000). The majority of calcium oxalate stones are said to be idiopathic; there is no clinical 

explanation of the cause of the disease. 

 

1.3 Prevalence and risk factors associated with kidney stone disease 

Kidney stone disease is a worldwide problem affecting between 5 to 20% of people. Its 

incidence is reported to have increased greatly in economically developed countries over the past 

decades. For instance, in wealthy countries as such Saudi Arabia, the prevalence of kidney 

stones is estimated to be over 20% (Robertson and Hughes, 1994). The figures are also high in 

North America (USA and Canada), where an estimated 13% of the population is affected. In 

Europe, the risk of developing the disease is estimated at 9% (Ramello and Vitale, 2000). There 

have been few epidemiological investigations of kidney stone disease in Africa due to lack of 

research facilities (Rodgers, 2006). From the few papers that have published on the disease,   

kidney stones have been reported in South Africa (Whalley et al., 1998), Northern Sudan 

(Kambal et al., 1981) and Tanzania (Mkony et al., 1991). There are also other regions in Africa 

where the occurrence of kidney stones is reported to be extremely rare. They include Nigeria 

(Esho, 1978 cited in Rodgers, 2006), Southern Sudan (Kambal et al., 1981) and South Africa 

(Whalley et al., 1998). Men are more prone to kidney stone disease than women as 7-15% of 

them are reported to be affected as compared to 3-6% in women (Scott et al., 1977).  Recurrence 
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rates of the disease range from 40% within 3 years of the first stone episode to 74% within 10 

years and over 90% within 25 years (reviewed in Lewandowski and Rodgers, 2004). 

 

Several factors are reported to influence the epidemiology of idiopathic kidney stones. They 

include race (Wise and Clark, 1961), sex (Scott et al., 1977), diet and nutrition (Taylor and 

Curhan, 2004), and climate and season (Schwille and Hermann, 1992) among others. 

 

1.3.1 Race and sex 

Studies conducted in several countries indicate a higher incidence of kidney stones in the white 

population than in blacks (Ramello et al., 2000; Rodgers, 1991; Wise and Kark, 1961; Whalley 

et al., 1998). For example, in South Africa, 15% of the male white population is at risk of 

developing the disease compared to less than 1% of their black counterparts (Whalley et al., 

1998). The reasons for this phenomenon are not yet understood but are thought to include among 

other things, hereditary (Mente et al., 2006) and dietary factors (Holmes et al., 2001). 

Epidemiological studies have also shown that while kidney stones affect 7-15% of men 

worldwide, only 3-6% of women are at risk (Serio and Fraioli, 1999; Scott et al., 1977; Whalley 

et al., 1998). It is also not clear why this gender disparity exists. However, recent evidence 

suggests that oestrogen, the female hormone, lowers the saturation of urinary stone-forming salts 

thereby protecting them from kidney stone formation whereas androgen on the other hand, 

appears to do the opposite in men (Heller et al., 2002; Fan et al; 1999). The incidence of kidney 

stones in men is reported to decline remarkably after 60 years of age (Soucie et al., 1994). The 

intestinal absorption of nutrients that influences kidney stone formation is thought to have been 

reduced by this age. 
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1.3.2 Climate and season 

There appears to be a strong association between climate and the prevalence of kidney stones. 

For instance, in the United States of America, kidney stones have been shown to be more 

prevalent in hot geographical areas such as Florida, Georgia and North Carolina than other parts 

of the country (Schwille and Hermann, 1992).  In Saudi Arabia, there is a strong correlation 

between incidences of kidney stones with hot temperatures and atmospheric pressure (Al 

Hadramy, 1997, cited in Lewandowski and Rodgers, 2004). It is thought that dehydration, due to 

hot climates, leads to decreased urinary volume, urine osmolarity, and subsequent increase in 

risk factors such oxalate and calcium (Schwille and Hermann, 1992). Prolonged exposure to the 

sun in hot climates is believed to increase Vitamin D plasma levels which are reported to 

increase intestinal absorption of calcium and oxalate, and excretion in urine, thereby changing 

the normal urinary crystallization conditions (Broadus et al., 1984; Robertson and Peacock, 

1980). The hypothesis that hot climates affect kidney stone formation, however, seems to be 

inconsistent. For instance, in South Africa where the climate is hot the incidence of kidney 

stones is relatively low (Wise and Kark, 1961). 

 

1.3.3 Diet  

It is generally agreed by researchers that dietary oxalate plays a major role in influencing levels 

of oxalate in urine (Holmes et al., 2001; Holmes and Kennedy, 2000; Hesse et al., 1993). 

Compared to other determinants, hyperoxaluria, is by far, the most critical risk factor in the 

formation of kidney stones (Robertson and Hughes, 1994). Initially, it was thought that calcium 

ingested from high animal protein diets was a determining factor in the stone formation after 

observing that the calcium ion was common both in calcium oxalate and calcium phosphate 
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stones (Rao et al., 1982; Robertson et al., 1981). However, it has recently been shown that 

oxalate/calcium molar ratio is normally 1:10 and that any slight change in urinary oxalate 

concentration is more potent in initiating crystallization and stone formation than calcium 

(Siener et al., 2005). The oxalate content in some commonly ingested foods is shown in Table 

1.1. Elevated levels of uric acid have also been proposed as a risk factor in the formation, growth 

and aggregation of calcium oxalate stones. Uric acid, 70% of which comes from excessive intake 

of dietary protein, is thought to increase the ‘aggregation tendency’ of calcium oxalate crystals 

into large stones by a ‘salting out’ effect (Ryall et al., 1981).  

 

Table 1.1: Oxalate content in some of the common foods and beverages. 

 Name of food                              Oxalate content (mg/g) 

 Boiled carrots                                      1.88 

 Tomatoes                                             0.04 

 Celery                                                  0.17 

 Potatoes                                               0.02 

 Corn                                                     0.03 

 Tea                                                       0.11 

 Coffee                                                  0.05 

 Chocolate                                            1.17 

 Source: Gold et al., 2001 cited in Azcarate-Peril et al., 2006.       

 

1.4 Treatment and prevention options 

Treatment options for kidney stone disease have so far involved the use of therapeutic drugs, 

dietetic regimens and in extreme cases, surgery. Patients are usually encouraged to restrict 

themselves from eating foods and drinks rich in oxalate and to maintain an adequate intake of 
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calcium. High calcium intake is associated with low incidences of kidney stones as it is thought 

to combine with oxalate in the gut thereby reducing the availability of oxalate absorbed into the 

colon (Curhan et al., 1993). Patients are also encouraged to drink enough water that helps to 

increase urine volume and osmolarity. In some cases, drugs such thiazides which have diuretic 

properties, are used in the treatment of kidney stones. Non-invasive Extracorporeal Shock Wave 

Lithotripsy is sometimes used to fragment large stones (Lingerman et al., 1986). Another form 

of kidney stone fragmentation involves the ureteroscope using laser, ultrasound and other forms 

of energy. Surgery is performed when other means have failed. 

 

These treatment options have not achieved much success due to the recurring nature of kidney 

stones.  Reports of intestinal oxalate-degrading bacteria have raised a view that manipulating the 

intestinal microbial ecologies by the administration of probiotics can provide a natural defensive 

approach to the management of kidney stones. 

 

1.5 Oxalate-degrading bacteria  

Several bacteria have been shown to degrade oxalate for energy. They include Oxalobacter 

formigenes (Allison, et al., 1985), Enterococcus faecalis (Hokama et al., 2000), Eubacterium 

lentum (Ito et al., 1996b), Providentia rettgeri (Hokama et al., 2005), bifidobacteria (Federici et 

al., 2004), and lactobacilli (Turroni et al., 2007; Azcarate-Peril et al., 2006; Lewanika et al., 

2006).  O. formigenes has been described as a ‘specialist’ oxalotroph as it uses oxalate as its 

exclusive sources of energy (Sahin, 2003) and carbon (Allison et al., 1985). The other bacteria 

mentioned above can use alternative sources of carbon and have been described as generalist 

oxalotrophs. Other characteristics of these oxalate-degrading bacteria are listed in Table 1.2. 
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Table 1.2: Colonic oxalate-degrading bacteria and their characteristics. 

Bacterium                                    Characteristics                                                   Reference 

O. formigenes         non-motile, non-spore forming, Gram-negative,               Allison et al., 1985 

                                rod-shaped, obligate anaerobe, specialist oxalotroph. 

E. faecalis              Gram-positive, coccus-shaped, opportunistic                    Hokama et al., 2000  

                               pathogen, facultative anaerobe, generalist oxalatroph   

P. rettgeri               Gram-negative, rod-shaped, facultative anaerobe,            Hokama et al., 2005 

                                generalist oxalatroph, sometimes associated with  

                                urinary and would infections 

E. lentum                Gram-positive, non-spore forming, rod-shaped,                Ito et al., 1996b 

                                anaerobe, generalist oxalotroph 

B. lactis                  Gram-positive, rod-shaped, obligate anaerobe,                 Federici et al., 2004  

                                generalist oxalotroph 

 

1.5.1 Oxalate-degrading bacteria and kidney stone disease 

The use of drugs and dietetic regimens to treat and prevent kidney stones have so far not 

yielded much success due to, among other things, the recurring nature of the disease. Colonic 

oxalate degrading bacteria can provide a natural alternative option in the management of the 

disease. Humans do not metabolise oxalate and most of it is absorbed in the colon and excreted 

in urine, where depending on urine osmolarity, it can combine with cations such as calcium to 

form stones. Scavenging of oxalate by bacteria in the gut is believed to reduce the amount of 

oxalate available for absorption into urine, thereby preventing hyperoxaluria (Doane et al., 

1989). Recently, clinical studies have demonstrated correlations between the absence of 

oxalate-degrading bacteria such as O. formigenes and an increased risk of hyperoxaluria and 

incidences of calcium oxalate disease (Troxel et al., 2003 cited in Azcarate-Peril et al., 2006; 

Kumar et al., 2002; Sidhu et al., 1999; Sidhu et al., 1998; Hans et al., 1985). Studies have also 
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shown that administration of these bacteria to animals and humans can lower oxalate levels in 

urine. For example, when a probiotic preparation of O. formigenes was administered to rats on 

high oxalate diet, lower levels of urinary oxalate were maintained in test subjects but remained 

high in the control group (Sidhu et al., 2001). Reduced levels of urinary oxalate have also been 

observed in human individuals co-administered with O. formigenes and a high oxalate load 

than in individuals administered with oxalate load only or in hyperoxaluric patients (Duncan et 

al., 2002; Hoppe et al., 2004). Although most research has centered on O. formigenes as a 

preferred candidate for probiotic treatment of kidney stones and experimental results so far 

have looked promising, this Gram-negative anaerobe is an obligate oxalotroph that can only 

survive in the presence of high amounts of oxalate and is very sensitive to antibiotic treatment 

(Sidhu et al., 1999b; Sidhu et al., 2001). Other oxalate-degrading bacteria such as E. faecalis, 

E.  lentum, P.  rettgeri are also unsuitable for probiotics.  E. faecalis and P. rettgeri are 

reported to be opportunistic pathogens while phenotypic identification of E. lentum is said to 

be problematic (Hokama et al., 2000; Hokama et al., 2005).  Lactic acid bacteria have 

traditionally been used in the food industry for their organoleptic properties and putative health 

effects on the host. With most of their species regarded as safe (GRAS) organisms, lactic acid 

bacteria, especially lactobacilli, can be ideal candidates for probiotic management of kidney 

stones. 

 

1.5.2 Lactic acid bacteria 

Until recently, evidence about the oxalate-degrading abilities of lactic acid bacteria, especially 

Lactobacillus species, was controversial. Campieri et al. (2001) reported the reduction of 

oxaluria when 8 x 1011 CFU of freeze dried lactic acid bacteria (Lactobacillus acidophilus, 
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Lactobacillus brevis, Streptococcus thermophilus and Bifidobacterium infantis) were 

administered to hyperoxaluric patients. However, in a similar study, Hoppe et al (2004) 

observed no noticeable decrease in urinary oxalate when the same combination and level of 

lactic acid bacteria was given to stone free hyperoxaluric subjects.  Recent evidence suggests 

that some members of lactobacilli such as L. acidophilus and L. gasseri do degrade oxalate in 

vitro (Turroni et al., 2007; Lewanika et al., 2007; Azcarate-Peril et al., 2006). In addition, 

recent studies also back the notion that these bacteria do reduce urinary oxalate excretion. For 

example, when a consortium of lactic acid bacteria was administered as probiotics to 

hyperoxaluric rats, Kwak et al. (2006) reported the reduction in urinary oxalate excretion. 

Similar effects have also been observed when  probiotic preparations of lactic acid bacteria (L. 

acidophilus, L. brevis, S. thermophilus and B. infantis) were given orally to patients affected by 

enteric and primary hyperoxaluria (Lieke et al., 2005). These reports suggest that such 

individuals could be lacking or have reduced diversity of the oxalate-degrading bacteria.  This 

has led to a major research interest in probiotic management of kidney stones. 

 

1.6 General introduction to Lactobacillus spp. 

Lactobacillus spp. belong to a genus comprising a group of Gram-positive, catalase-negative, 

non-sporing and rod shaped anaerobic organisms (Collins et al., 1991). They are closely 

related to other lactic acid bacteria such as Pediococcus, Leuconostoc and Weissella species. 

They inhabit a wide range of habitats, including the gastrointestinal tract (GIT) of animals and 

vegetation (Tannock, 1991). In the human GIT, Lactobacillus species are commonly found as 

minority members of microbiota of the large bowel. They are outnumbered by strict anaerobes 

such as Bacteroides, Clostridium and Bifidobacterium species. 
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1.7 Prevalence of Lactobacillus spp in human faecal material 

Knowledge about the composition of Lactobacillus population in the gut has been obtained 

through comparison of faecal microbial contents of different subjects due to the inaccessibility 

of mucosa and contents of other parts of the intestines. From these culture-based studies, 

Lactobacillus species have been estimated to make up less than 1% of the intestinal community 

(Sghir et al., 2000). Selective enrichment methods have shown that L. acidophilus, L. gasseri, 

Lactobacillus fermentum, Lactobacillus reuteri and Lactobacillus salivarius are the most 

frequently isolated Lactobacillus species in human faeces (Reuter, 2001). Each individual host 

is, however, reported to harbor his or her own unique dominant species of lactobacilli and other 

bacteria (Heilig et al., 2002). 

 

1.8 Factors affecting composition and numbers of Lactobacillus spp and other members 

of gut microbiota 

Several factors are reported to influence the number and composition of bacteria in the gut. 

They include antibiotic therapy (Curtis et al., 2003; Meijers et al., 1991; Kagel et al., 1986), 

nutrition and diet (Langlands et al., 2004; Gibson et al., 1995; Ito et al., 1990), and sex and age 

of the individual (Heilig et al., 2002; Hopkins et al., 2001).  

 

1.8.1 Antibiotic therapy 

Antibiotics are prescribed every day to counter invading pathogenic microorganisms. Routes of 

antibiotic administration, potency and duration in the body are said to affect their effectiveness. 

Not only are targeted pathogens affected, but also the normal indigenous microbiota residing in 

the treated area, resulting in a significant reduction of overall microbial numbers and 
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composition (Donskey et al., 2003; Kagel et al., 1981). The numbers and composition of the 

indigenous microbiota, however, tend to normalize several weeks after halting administration 

of the drugs (Donskey et al., 2003) as illustrated in Figure 1.1. While competing for space, 

bacteria themselves excrete natural antimicrobial substances such as lactocins and bifidocin 

whose broadspectrum activities can also affect the diversity of other bacteria (Gibson and 

Wang, 1994). 

 

                                       

Figure 1: Denaturing gradient gel electrophoresis (DGGE) analysis of PCR-amplified ribosomal RNA 

sequences illustrating effects of antibiotics in one patient. Lanes 1-3, bacterial profiles before antibiotic 

therapy; Lanes 4-6, days 2, 4, and 7 of oral ciprofloxacin therapy; Lanes 7-9, days 2, 5, and 7 of 

clindamycin therapy; Lanes 10-12, 3, 9, and 16 days after clindamycin therapy; Lane C1 and C2, 

bacterial control strains.  Adapted from Donskey et al. (2003). 
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1.8.2 Nutrition and diet 

The role of nutrition and diet on the composition of the gut microbiota has not been studied 

extensively. However, some carbohydrates such as oligofructose, inulin and galacto-

oligosaccharides have been shown to stimulate selectively the growth of Lactobacillus and 

bifidobacterium species (Langlands et al., 2004; Gibson et al., 1995; Ito et al., 1990). Gibson 

et al. (1995) reported that replacing a certain carbohydrate in the diet resulted in an increase in 

some bacteria and reduction in others. They observed Bacteroides spp becoming numerically 

predominant with sucrose in the diet, whereas bifidobacteria dominated when oligofructose 

replaced sucrose. Fermented foods and dairy products are often enriched with live microbial 

populations because of their perceived healthy benefits. However, their long term impact on 

the number and composition of the gut microbiota has been debatable due to their reported 

transient existence in the gut ecosystem (Alander et al., 1999; Spanhaak et al., 1998).  

 

1.8.3 Age, sex and ethnicity 

The number and composition of gut microbiota is also influenced by the age of an individual. 

The gut microbiota of young children is in a state of development and as such the microbial 

community is unstable. Heilig et al. (2002) studied the development of Lactobacillus spp. in 

babies from the day of delivery until they were 5 months old. They could not detect any 

Lactobacillus species from day 1 to day 55. They were able to detect Lactobacillus rhamnosus 

and Lactobacillus casei from day 55 to day 147. During this period, they were also able to 

detect Lactobacillus salivarius but the bacterium disappeared between days 129 and 147. 

Pender et al (2007) reported that the most important factors determining the composition of gut 

microbiota in infants, including Lactobacillus spp, are the mode of delivery, type of infant 

feeding, gestation age, and infant hospitalization. This was after observing that the infants who 
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were born vaginally at home and breastfed exclusively seemed to have the most beneficial gut 

microbiota (higher counts of bifidobacteria and lower counts of Clostridium difficile and E. 

coli). In healthy adults, the Lactobacillus spp. community and other bacteria become more 

stable over time and unique to each individual (Heilig et al., 2002). However, recent studies 

have indicated that the number and composition of gut microbiota decreases with age. Hopkins 

et al. (2001) showed a structural significant change in gut microbiota, especially ‘putatively 

protective’ bifidobacteria, with aging. Some bacterial species are strongly associated with the 

sex of an individual. For example, Lactobacillus vaginalis, is more commonly found in women 

than men. 

 

1.9 Probiotic effects of Lactobacillus spp. 

Lactobacillus species have received much attention over the years because of their 

organoleptic properties in food and more importantly, their proposed health-promoting effects. 

They have traditionally been used to make fermented foods such as yogurts and cheese. Many 

papers have reported on the probiotic effects of Lactobacillus species, but very few have done 

thorough testing both in vitro and in vivo and are not always backed by credible and substantial 

data. There is clinical evidence, however, that lactobacilli such as L. rhamnosus strain GG can, 

when given orally at doses greater than 109 CFU, colonise the intestine and temporarily reduce 

diarrhea (Isolauri et al., 1991). The NCFM strain of L. rhamnosus has been shown to reduce 

lactose intolerance in humans and shown potential in reducing colon cancer (Montes et al., 

1995; Goldin and Gorbach, 1984 cited in Reid, 1999). Recently, Lactobacillus species have 

attracted attention in the field of urology because of their oxalate-degrading abilities. This 

aspect of Lactobacillus metabolism is reviewed below. 
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1.10 Oxalate degradation and metabolism in Lactobacillus spp. 

Lactobacillus species are regarded as ‘generalist’ oxalotrophs as oxalate is not their primary 

source of energy (Sahin, 2003). They are able to degrade oxalate in the presence of other 

energy sources such as lactose and glucose (Weese et al., 2004; Campieri et al., 2001).  

Oxalate degradation activities have been reported in L. acidophilus (Azcarate-Peril et al., 2006; 

Turroni et al., 2007) and L. gasseri (Turroni et al., 2007; Lewanika et al., 2006). It seems that  

oxalate degradation is a phenotype conserved in certain species and strains (Turroni et al., 

2007) since high oxalate degradation capacities were observed in most strains of L. acidophilus 

and L. gasseri but no or very low activities were seen in other species such as Lactobacillus 

johnsonii, Lactobacillus  paracasei, Lactobacillus delbrueckii, L. brevis, L. reuteri PB34,  

Lactobacillus helveticus, Lactobacillus plantarum, Lactobacillus casei and L. salivarius (Table 

1.2). The mechanism of oxalate metabolism has been well documented in O. formigenes and 

involves three enzymes: formyl-CoA transferase (Frc), which activates an oxalate molecule to 

oxalyl-CoA (Baetz and Allison, 1990), oxalyl-CoA decarboxylase (Oxc) which decarboxylates 

the oxalyl-CoA molecule to formyl-CoA (Baetz and Allison, 1989), and oxalate:formate 

antiporter, which catalyses the exchange of extracellular oxalate and intercellular formate (Wang 

et al., 2006). The mechanism of oxalate metabolism in Lactobacillus spp. was not known until 

recently when Azcarate-Peril et al., (2006) identified genes encoding functional oxalate-

degrading Frc and Oxc enzymes in L. acidophilus NCFM that are homologous to the ones found 

in O. formigenes. These genes have also been detected in some strains of L. gasseri but could not 

be found in species with no or low oxalate-degrading capacities (Turroni et al., 2007). Analysis 

of partial genome sequences of L. reuteri JCM112 (ZP_01164774; EAR57739) and L. reuteri  
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Table 1.3 Oxalate degrading activities in Lactobacillus species expressed in percentages 

Species / strains                                                              % oxalate degradation 

L. acidophilus  
       NCFM, LA14, PB6, PB9, PB19, PB24                                      100 
       LA5, PB14                                                                                   95 
       PB22, PB15, LAY                                                                     85-87 
       PB28, PB30, PB18, PB21, PB35, PB31                                    71-78 
       PB20, PB12, PB10, PB5, PB26, PB4                                        60-65 
       PB40, PB37, PB16, PB2                                                            50-57 
       PB36, PB8, PB7, PB32, PB25                                                   35-40 
L. gasseri 
        PB1, PB3                                                                                    100 
        PB29                                                                                            53 
        PB13, PB17, PB23                                                                    35-40 
L. plantarum 
        LP115                                                                                         40 
        FV9, ATCC 4356                                                                      20-35 
        PB43, LPT, PB38, PB42                                                             0          
L. casei 
        LC11                                                                                           48 
        PB27                                                                                            20 
        FV21                                                                                            0 
L. rhamnosus 
        PB41                                                                                           47 
        PB45                                                                                           20 
L. salivarius 
        FV2                                                                                             20 
L. johnstonii 
         PB11                                                                                           0 
L. paracasei   
         PB33, PB44                                                                                0 
L. delbrueckii subsp. Lactis         
         FV13                                                                                           0 
L. delbrueckii subsp. Bulgaricus                                                             
         DSM 20074                                                                                0 
L. brevis 
         FV1, ATCC 14869                                                                     0 
L.  reuteri 
         PB34                                                                                           0 
L. helveticus 
         PB39                                                                       0 
Adapted from Turroni et al., (2007) 
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100-23 (ZP_01274540; EAS88495), however, indicated the presence of oxalate genes (Turroni 

et al., 2007). The function and significance of oxalyl-CoA decarboxylase and formyl-CoA 

transferase in oxalate metabolism have lately been demonstrated in L. acidophilus LA14 

(Turroni et al., 2007). Regulation of these genes is still not clear, however, mild acidic 

conditions (pH 5.5) have been observed to induce the expression of the frc and oxc genes 

(Azcarate-Peril et al., 2006). They have also been shown to be induced by oxalate in L. gasseri 

(Lewanika et al., 2006). 

 

1.11 Detection of lactobacilli in faecal samples 

Much of the knowledge about the composition of faecal Lactobacillus species and other 

members of faecal microbiota has been obtained through bacteriological culture techniques. 

They involve plating the faecal samples on selective enrichment media and then isolating and 

subjecting suspected colonies to several phenotypic tests to ascertain their identity. In case of 

Lactobacillus, for example, 17 phenotypic tests are required to identify one isolate accurately 

to species level (Tannock, 1991). The techniques are not only laborious but time consuming as 

well, and several days are required to cultivate the bacteria in pure culture. In addition, 

bacteriological techniques have been shown to have deficiencies in the study of microbial 

ecology as the commercial selective media used in laboratories fail to mimic the conditions a 

particular bacterium needs for growth in its natural habitat, resulting in many bacterial cells 

being left undetected (Hugenholtz et al., 1998). It has been estimated that only 20% of 

naturally occurring bacteria have been isolated using culture techniques (Ward et al., 1990). 
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Culture independent techniques recently introduced into molecular biology have led to more 

detailed insight into the intestinal microbiota and revealed many novel species (Suau et al., 

1999). Most of these techniques exploit the sequence variation in ribosomal RNA. The 

ribosome is so fundamental to the functions of the cell that it has changed very little during 

evolution. The sequence variations in the rRNA gene are used to infer phylogenetic 

relationships among microorganisms (Woese, 1987). They are also used to design probes and 

primers for detection of individual microbial groups in complex microbial communities. 

Examples of molecular methods that have been shown to be useful in analyzing complex 

microbial communities include terminal restriction fragment length polymorphism (T-RFLP) 

(Marsh, 1999), amplified ribosomal DNA restriction analysis (ARDRA) of clones (Kohler et 

al., 1991; Ziemer et al., 2004), single strand conformation polymorphism (SSCP) (Schwierger 

and Tebbe, 1998),  and denaturing gradient gel electrophoresis (DGGE) (Muyzer et al., 1993). 

Although they vary in principle and technical aspects, these techniques are all PCR-based and 

generate bacterial profiles representing the sequence diversity within the selected ecosystem. 

DGGE is perhaps the most commonly used fingerprinting technique for the characterisation of 

complex bacterial environments and is the method selected for use in this study. It is, therefore, 

reviewed in detail below. 

 

1.11.1 Denaturing gradient gel electrophoresis (DGGE) 

Denaturing gradient gel electrophoresis is a relatively new molecular method. It is an 

electrophoretic separation method based on differences in the melting behaviour of double 

stranded DNA fragments (Fisher and Lerman, 1979). Temperature gradient gel electrophoresis 

(TGGE) and temporal temperature gradient gel electrophoresis (TTGE) are other fingerprinting 
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techniques that use the same principle as DGGE but are not commonly used. When heat or 

chemical denaturant is applied, the two strands of the DNA molecule separate. One factor that 

influences the temperature at which double stranded DNA separates is the hydrogen bond 

formed between complementary base pairs. Regions with a high content of GC base pairs 

separate at higher temperatures than regions that are AT rich. As a result, a double stranded 

DNA molecule may have several melting domains with particular melting temperatures that 

are determined by the nucleotide sequence (Muyzer et al., 1993). 

 

The DGGE process involves the PCR amplification of rRNA gene sequences from bacterial 

species in a mixed sample using conserved bacterial primers that bracket the hypervariable 

region of rRNA gene (Muyzer et al., 1993). PCR products of the same size but with differing 

sequence specific for a particular species are produced. When these amplicons are 

electrophoretically separated through the gradient of increasing chemical denaturant, the 

movement of the molecule is retarded at the concentration at which the DNA strands of low 

melting domain dissociate (Muyzer et al., 1993). The branched structure of the molecule 

becomes entangled in the gel matrix and stops moving. A GC clamp, a sequence of high 

melting domain, is deliberately attached at the end of the molecule to prevent complete 

separation. 

 

DGGE combined with PCR has provided microbiologists with a powerful tool for studying, 

among other things, the structure and dynamics of complex microbial communities. It rapidly 

provides a qualitative and semi-quantitative banding profile indicative of the constituents of a 

particular microbial population, and can be used to demonstrate population shifts in the 
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ecosystem (Muyzer et al., 1993). Banding patterns can be characterised using computer 

programmes and the subsequent data can now be analysed statistically (Fromin et al., 2002). In 

addition, DNA fragments of interest can be excised from the gel and reamplified for 

sequencing without cloning the PCR product first (Muyzer and Smalla, 1998) although cloning 

is often required to ensure pure PCR products since some species have been shown to co-

migrate (Walters et al., 2000). The technique has been used successfully to characterise and 

monitor the predominant bacterial species in the gastrointestinal (GI) tract of humans 

(Zoetendal et al., 1998), pigs (Simpson et al., 2001), and mice (Deplancke et al., 2000) among 

others. 

 

1.12 Statement of the problem 

Kidney stone disease affects 5-20% of people worldwide. These figures are comparable to 

incidences of the disease among white South Africans where 15% of men and 5% of women 

are at risk (Whalley et al., 1998). However, black South Africans seem to be resistant to the 

disease as less than 1% develop kidney stones (Whalley et al., 1998). This is against the 

background that black South Africans are frequently exposed to high risk factors such as diets 

that are rich in oxalate (Viljoen and Gericke, 2001). Dietary oxalate is thought to contribute up 

to 50% of urinary oxalate excretion (Holmes et al., 2001). The reasons for the disparity of 

kidney stone formation between the two population groups are not yet understood and are 

probably multifactorial. However, Lewandowski (2003) observed that urinary oxalate levels in 

the white test subjects increased significantly when challenged with dietary oxalate but 

remained unchanged in their black counterparts, indicating that the latter possibly had a 

mechanism better suited to deal with oxalate. This has led to, among others, the hypothesis that 
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black South Africans could be harboring more effective colonic oxalate-degrading bacteria, 

which help them in oxalate homeostasis, than their white counterparts.  

 

1.13 Objectives and scientific approach of the study 

The main objectives of the study were: 

● to determine and compare the molecular biodiversity of faecal Lactobacillus spp in non-

stone forming white and black male South Africans using DGGE analysis. 

● to quantify and compare the number of L. gasseri, O. formigenes, and  the Lactobacillus 

acidophilus group bacteria (L. acidophilus, L. gasseri, L. johnstonii, Lactobacillus 

amylovorous, Lactobacillus amylolyticus and Lactobacillus crispatus) from faecal samples of 

the two study groups using quantitative real time PCR of the total faecal DNA. 

● to determine and compare the oxalate-degrading abilities and biodiversity of culturable 

Lactobacillus spp in the two study groups using selective media and oxalate assays. 

● to identify and characterize novel oxalate-degrading species from faecal samples of the two 

study populations, using oxalate enrichment and assays, with a view to using these species for 

probiotic management of kidney stone disease. 
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Chapter 2. 
 

 
Optimisation of primers, PCR and denaturing gradient gel electrophoresis (DGGE) 

conditions for determination of faecal Lactobacillus biodiversity. 
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2.0 Summary 

Optimisation of primers, PCR and electrophoresis conditions are crucial for the success of 

DGGE-based biodiversity analysis of any microbial community. While most methods reported 

in the literature are more or less consistent, the conditions for running DGGE gels are not 

standardised.  In this chapter, the optimum conditions for the study were established.  

Previously published Genus-specific Lactobacillus primers were evaluated and the PCR-

DGGE conditions optimised for the detection of faecal Lactobacillus species. Primers Univ-

341-f and Lab-0667-r gave a fairly good amount of PCR product and were specific to 

Lactobacillus and Pediococcus species. Bovine serum albumen (BSA) was better than DMSO 

in improving PCR amplification efficiency. Results showed that electrophoresis of the gel for 

varying times at different voltages had an impact on the DGGE band separation. Optimal band 

separation and resolution were obtained when gels were electrophoresised for longer (16.7 h at 

62V) than for shorter times (7.5 h at 133V). Optimal band separation also occurred using a 

denaturing chemical gradient of 45-55% as compared to 40-60%. The gels were highly 

reproducible. 
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2.1 Introduction  

PCR-DGGE has become a powerful technique in microbial ecology for studying, among other 

things, the structure and dynamics of complex microbial communities (Muyzer et al., 1993). 

Unlike other molecular techniques, it can rapidly provide a profile of constituents of a 

particular microbial population and can demonstrate shifts in the ecosystem (reviewed in 

chapter 1). The technique has successfully been used to characterise and monitor the 

predominant bacterial species in the gastrointestinal (GI) tract of humans, pigs and mice, 

among others (Zoetendal et al., 1998; Simpson et al., 2001; Deplancke et al., 2000).  A 

substantial amount of DNA is required for DGGE analyses, and generally PCR of the target 

region of a gene is performed first. The success of DGGE, to a large extent, depends on good 

PCR products and their optimal separation to detect as many bacteria as possible.  The choice 

of primers, PCR conditions and gel systems, therefore, require great attention in order to 

optimise the analysis. 

 

Although PCR-DGGE has been used successfully to monitor complex microbial communities, 

it faces a number of technical challenges. The first challenge involves lysis of bacterial cells 

and DNA extraction. Insufficient or preferential lysis of cells biases the view of the 

composition of bacterial diversity as DNA may not be released equally from all of the cells and 

will, therefore, not contribute to the final analysis of diversity (Wintzingerode et al., 1997).  

Gram-positive bacteria, because of their tough cell walls, require vigorous cell lysis conditions 

which can lead to fragmented nucleic acid from Gram-negative cells. Fragmented nucleic acids 

may contribute to the formation of chimeric PCR products (Liesack et al., 1991). In addition, 

microbial habitats such as human faeces contain organic matter such as humic acids or 
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inorganic particles, which are said to affect cell lysis efficiency and can interfere with 

subsequent DNA purification and enzymatic steps such as PCR (Wintzingerode et al., 1997). 

 

The second technical challenge involves the process of PCR itself. When designing PCR 

primers, the locations of degenerate bases and the GC clamp on the primers have great bearing 

on DGGE results. Some primer combinations can give ‘erroneous profiles’ when PCR products 

are analysed by DGGE (Janse et al., 2004). Misleading bacterial profiles can also originate 

from the bias often encountered in mixed-template PCR. Bias in PCR is a serious problem in 

DGGE since the intensity of DNA fragments on DGGE gels may not accurately reflect the 

numbers of bacteria in the original microbial sample (Ishii and Fukui, 2001). PCR bias 

originates from, among other things, frequent cycling of template reannealing (Suzuki and 

Giovannoni, 1996), and that some sequences having high G +C content making them difficult 

to amplify because of reduced efficiency of template dissociation (Reysenbach et al., 1992). 

More often, artifactual bands are reported. These are bands that accompany each prominent 

band at close distance on DGGE. They make interpretation and analysis of DGGE gels difficult 

as they can result in overestimation of sequence diversity. They can also make isolation of 

specific bands for sequencing impossible due to band overlapping (Janse et al., 2004). 

 

Apart from primer design and other PCR parameters, conditions for running the DGGE gels 

themselves are also crucial to analyses. Though the methods reported in the literature are more 

or less consistent, the conditions for running DGGE gels are not standardised.  Usually the 

polyacrylamide gels and denaturing gradients used have been reported to range from 6 to 8% 

and 20 to 70% respectively. While most gels are run at 1000 v.h, it is the choice of 
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electrophoretic voltage-time, however, that creates so much inconsistency. In most 

laboratories, it ranges from a minimum of 130 V for 3.5 h (Cocolin et al., 2001) to 100 V for 

21 h (Gejman et al., 1998).  Moreover, there are conflicting reports in the literature about the 

impact of the electrophoresis time on DGGE profiles. Some reports indicate that running 

DGGE gels for longer times at lower voltage produce better quality gels (Gejman et al., 1998) 

while others suggest it results in sub-optimal band separation and resolution (Sigler et al., 

2004). The onus is, therefore, on the researcher to optimise these crucial parameters before 

embarking on DGGE analysis of microbial communities. 

 

The objectives of this chapter, therefore, were: (i) to evaluate previously published Genus-

specific Lactobacillus primers for the detection of faecal Lactobacillus species; (ii) to optimise 

PCR and denaturing gradient gel electrophoresis conditions, and identify and solve technical 

problems that may arise; and (iii) to construct a Lactobacillus DGGE identification ladder 

using type strains. 

 

2.2 Materials and Methods. 

2.2.1 Bacterial strains and growth conditions  

Bacterial strains used in the study and their sources are listed in Table 2.1. All Lactobacillus 

species were grown in de Man, Rogosa, Sharpe (MRS) broth (Biolab) or MRS agar (1.5% w/v) 

supplemented with 0.05% cysteine HCl (Sigma), and incubated at 37°C in an anaerobic 

chamber [5% hydrogen, 10% carbon dioxide in 85% Nitrogen, (Forma Scientific)] for 48 

hours. Strict anaerobes Bacteroides fragilis, Bifidobacterium species and Clostridium 

perfringens were handled anaerobically and grown in Brain heart infusion (BHI) broth 
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(Hispanlab), MRS broth (Biolab) containing 0.05% cysteine HCl  (Sigma) and Reinforced 

Clostridium medium (Difco) respectively. Escherichia coli was grown aerobically in Luria-

Bertani medium. 

 

Table 2.1: Bacterial reference strains used in the study and their source 

 

                Bacterial strains                                                            Source                                    

      Bacteroides fragilis 638R                                                       Privitera et al., 1979 

      Bifidobacterium lactis DSM10140T                                        DSM 

      Bifidobacterium longum NCIMB 702259T                             NCIMB 

      Clostridium perfringens                                                          MCB laboratory strain 

      Escherichia coli ATCC 25922                                                ATCC                           

      Enterococcus faecalis                                                              MCB laboratory strain 

      Pediococcus acidilactis                                                           MCB laboratory strain 

      Lactobacillus acidophilus LAFT1 L10                                   DSM 

      Lactobacillus ruminus ATCC25644                                        ATCC             

      Lactobacillus brevis NCDO 1824                                            NCDO 

      Lactobacillus casei ATCC 334                                                ATCC 

      Lactobacillus delbrueckii ATCC 4797                                    ATCC   

      Lactobacillus gasseri DSM20243                                            DMS 

      Lactobacillus fermentum ATCC9338                                       ATCC 

      Lactobacillus johnsonii NCFB 2241                                        NCFB 

      Lactobacillus reuteri NCFB 2589                                            NCFB 

      Lactobacillus rhamnosus ATCC 7469                                     ATCC 

      Lactobacillus plantarum ATCC 8014                                      ATCC                                                                  
 ATCC: American Type Culture Collection; NCFB: North Caroline Farm Bureau; DMS: German Collection of 

Microorganisms; NCIMB: National Collection of Industrial, Food and Marine Bacteria; NCDO: National Collection of 

Diary Organisms; MCB: Department of Molecular and Cell Biology, University of Cape Town. 
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2.2.2 Extraction of genomic DNA 

Pure bacterial cultures (100 ml) were grown for 18 hours (or up to the log phase) in their 

respective growth media and conditions. Genomic DNA was extracted using the CTAB 

method (Current Protocols). Briefly, cultures were centrifuged at 6000 rpm in J2-21M/E 

Centrifuge (Beckman) for 10 min. The cell pellets were resuspended in 9.5 ml of TE buffer (10 

mM Tris, 1 mM EDTA, pH 7.6), 0.5 ml of 10% sodium dodecyl sulphate (SDS), and 50 µl 

proteinase K (20 mg/ ml) and incubated in a water bath at 37°C for an hour. After that, 1.8 ml 

of 5M NaCl was added before adding CTAB/NaCl (10% CTAB, 0.7 M NaCl) solution. The 

mixture was mixed and incubated at 65ºC for 20 minutes. An equal volume of 

Chloroform/isoamyl alcohol (24:1) was added and the solution was centrifuged for 10 minutes 

at 7000 rpm. The aqueous top phase was collected into a fresh tube and the DNA precipitated 

with 0.6 volume of isopropanol followed by 15 min centrifugation at 15000 rpm.  DNA pellets 

were washed in 1 ml of 70% ethanol. The pellets were resuspended in 300 ml of TE buffer, pH 

7.6 to which 1 µl of RNAse (10 mg/ml) had been added, and stored overnight at 4ºC. DNA 

quality and concentration was determined by agarose gel electrophoresis and 

spectophotometrically using a Nanodrop (Nanodrop Technologies). 

 

2.2.3 Faecal genomic DNA extraction 

Genomic DNA, from four random faecal samples from individuals entered in the major study 

(Chapter 3), was extracted using QIAmp DNA Stool Mini Kit (Qiagen) following the 

manufacturer’s instructions with slight modifications. Briefly, between 180 mg to 220 mg of 

each stool sample was weighed aseptically into a 2 ml sterile micro centrifuge tube and 

immediately placed on ice.  Buffer ASL (1.4 ml) was added to the stool sample and voltexed 
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until it was completely homogenised. The suspension was frozen in liquid nitrogen for 10 

seconds and then immediately heated in a waterbath at 70°C for 5 minutes. The freezing and 

heating step was repeated 5 times. The rest of the procedure was done following the 

manufacturer’s instructions. The quality and concentration of DNA was determined 

spectrophotometrically using a Nanodrop (Nanodrop Technologies). 

 

2.2.4 Evaluation of primers and PCR conditions  

The PCR primers used in the study and their sources are listed in Table 2.2, and the different 

primer combinations are shown in Table 2.3. Their positions on the L. acidophilus 16S rRNA 

gene (AY773947) are shown in Figure 2.1. The specificities of the primers were checked by 

PCR experiments using genomic DNA of Lactobacillus reference strains and other bacteria 

predominant in the GI tract (Table 2.1) as templates.  

 

Table 2.2: Primers used in the study  

 

   Name of primer                Sequence (5′- 3′)                                           Source 

   Lac 16S-f                AGC AGT AGG GAA TCT TCC                      Walter et al., 2001 
   Lac16S-r                 ATT CCA CCG CTA CAC ATG                       Walter et al., 2001 
   F27                          AGA GTT TGA TCC TGG CTC AG                Cheneby et al., 2000 
   Lab-0667-r              CAC CGC TAC ACA TGG AG                         Heilig et al., 2002 
   Univ-341-f              CCT ACG GGA GGC AGC AG                         Muyzer et al., 1993 
   Univ-0515-r            ATC GTA TTA CCG CGG CTG CTG GCA     Lane, 1991    
   Univ-341f-GC         Univ-341f-CGC CCG CCG CGC GCG             Muyzer et al., 1993  
                                   GCG GGC GGG GCG GGG GCA CGG  
                                   GGG GCC TAC GGG AGG CAG CAG 
   Lab-0667-r-GC       Lab-0667-r-CGC CCG GGG CGC GCC CCG    Heilig et al., 2002 
                                   GGC GGG GCG GGG GCA CGG GGG 
                                   GCA CCG CTA CAC ATG GAG 
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Table 2.3: Combination of primers and their expected product sizes. 

 

     Primer combination           Expected product size (bp)     Annealing temperature (ºC) 

     Lac16S-f and Lac16S-r                         345                                                   64 

     Lac16S-f and Lab-0667-r                      340                                                   67 

     Univ-341-f and Lab-0667-r                   352                                                   57             

     F27 and Lab-0667-r                               700                                                   55 

     Lac16S-f and Lab-0667-GC                  380                                                    67 

     Univ-341-GC and Lab-0667-r               392                                                    57 

     Univ-341-f and Lab-0667-GC               392                                                    55 

     Univ-341-GC and Univ-0515-r              311                                                   

 

 

PCR amplification of the V3 region of the 16S rRNA gene was performed using DNA obtained 

from bacterial reference strains and faecal samples (GeneAmp PCR System 9700, Applied 

Systems). A 25 µl PCR reaction mixture contained 10x PCR buffer, 2 mM MgCl2, 5% 

Dimethylsulfoxide (DMSO) or Bovine serum albumin (BSA), 12.5 pmol of each primer, 200 

µM concentration of each deoxynucleoside triphosphate, 0.25U of Taq DNA polymerase 

(Superthermo), 20-600 ng of genomic DNA and nuclease free sterile water (Fermentas). The 

amplification program involved predenaturation at 96°C for 4 min, 30 cycles of denaturation at 

96°C for 0.40 min, various annealing temperatures for 0.20 - 0.30 min, and extension at 68°C 

for 0.45 min; and a final extension at 72°C for 7 min. The sensitivity of the PCR primers was 

evaluated using various concentrations of DNA obtained from L. gasseri DSM20243 and 

amplification with primers Lac16S-f and Lab-0667-r.  
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       F27 
1     TCCTGGCTCA GGACGAACGC TGGCGGCGTG CCTAATACAT GCAAGTCGAG CGAGCTGAAC 
      AGGACCGAGT CCTGCTTGCG ACCGCCGCAC GGATTATGTA CGTTCAGCTC GCTCGACTTG 
 
61    CAACAGATTC ACTTCGGTGA TGACGTTGGG AACGCGAGCG GCGGATGGGT GAGTAACACG 
      GTTGTCTAAG TGAAGCCACT ACTGCAACCC TTGCGCTCGC CGCCTACCCA CTCATTGTGC 
 
121   TGGGGAACCT GCCCCATAGT CTGGGATACC ACTTGGAAAC AGGTGCTAAT ACCGGATAAG 
      ACCCCTTGGA CGGGGTATCA GACCCTATGG TGAACCTTTG TCCACGATTA TGGCCTATTC 
 
181   AAAGCAGATC GCATGATCAG CTTATAAAAG GCGGCGTAAG CTGTCGCTAT GGGATGGCCC 
      TTTCGTCTAG CGTACTAGTC GAATATTTTC CGCCGCATTC GACAGCGATA CCCTACCGGG 
 
241   CGCGGTGCAT TAGCTAGTTG GTAGGGTAAC GGCCTACCAA GGCAATGATG CATAGCCGAG 
      GCGCCACGTA ATCGATCAAC CATCCCATTG CCGGATGGTT CCGTTACTAC GTATCGGCTC 
                                                          Univ-341-f 
301   TTGAGAGACT GATCGGCCAC ATTGGGACTG AGACACGGCC CAAACTCCTA CGGGAGGCAG 
      AACTCTCTGA CTAGCCGGTG TAACCCTGAC TCTGTGCCGG GTTTGAGGAT GCCCTCCGTC 
       Lac 16S-f 
361   CAGTAGGGAA TCTTCCACAA TGGACGAAAG TCTGATGGAG CAACGCCGCG TGAGTGAAGA 
      GTCATCCCTT AGAAGGTGTT ACCTGCTTTC AGACTACCTC GTTGCGGCGC ACTCACTTCT 
 
421   AGGTTTTCGG ATCGTAAAGC TCTGTTGTTG GTGAAGAAGG ATAGAGGTAG TAACTGGCCT 
      TCCAAAAGCC TAGCATTTCG AGACAACAAC CACTTCTTCC TATCTCCATC ATTGACCGGA 
 
481   TTATTTGACG GTAATCAACC AGAAAGTCAC GGCTAACTAC GTGCCAGCAG CCGCGGTAAT 
      AATAAACTGC CATTAGTTGG TCTTTCAGTG CCGATTGATG CACGGTCGTC GGCGCCATTA 
                                                          Univ-0515-r 
541   ACGTAGGTGG CAAGCGTTGT CCGGATTTAT TGGGCGTAAA GCGAGCGCAG GCGGAAGAAT 
      TGCATCCACC GTTCGCAACA GGCCTAAATA ACCCGCATTT CGCTCGCGTC CGCCTTCTTA 
 
601   AAGTCTGATG TGAAAGCCCT CGGCTTAACC GAGGAACTGC ATCGGAAACT GTTTTTCTTG 
      TTCAGACTAC ACTTTCGGGA GCCGAATTGG CTCCTTGACG TAGCCTTTGA CAAAAAGAAC 
                                 Lab-0677-r 
661   AGTGCAGAAG AGGAGAGTGG AACTCCATGT GTAGCGGTGG AATGCGTAGA TATATGGAAG 
      TCACGTCTTC TCCTCTCACC TTGAGGTACA CATCGCCACC TTACGCATCT ATATACCTTC 
                                      Lac 16S-r 
721   AACACCAGTG GCGAAGGCGG CTCTCTGGTC TGCAACTGAC GCTGAGGCTC GAAAGCATGG 
      TTGTGGTCAC CGCTTCCGCC GAGAGACCAG ACGTTGACTG CGACTCCGAG CTTTCGTACC 
 
781   GTAGCGAACA GGATTAGATA CCCTGGTAGT CCATGCCGTA AACGATGAGT GCTAAGTGTT 
      CATCGCTTGT CCTAATCTAT GGGACCATCA GGTACGGCAT TTGCTACTCA CGATTCACAA 
 
841   GGGAGGTTTC CGCCTCTCAG TGCTGCAGCT AACGCATTAA GCACTCCGCC TGGGGAGTAC 
      CCCTCCAAAG GCGGAGAGTC ACGACGTCGA TTGCGTAATT CGTGAGGCGG ACCCCTCATG 
 
901   GACCGCAAGG TTGAAACTCA AAGGAATTGA CGGGGGCCCG CACAAGCGGT GGAGCATGTG 
      CTGGCGTTCC AACTTTGAGT TTCCTTAACT GCCCCCGGGC GTGTTCGCCA CCTCGTACAC 
 
961   GTTTAATTCG AAGCAACGCG AAGAACCTTA CCAGGTCTTG ACATCTAGTG CAATCCGTAG 
      CAAATTAAGC TTCGTTGCGC TTCTTGGAAT GGTCCAGAAC TGTAGATCAC GTTAGGCATC 
 
Figure 2.1: Part of double stranded L. acidophilus 16S rRNA gene (AY773947) showing positions of 

the primers used in the study. 
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Any ssDNA remaining from the PCR reaction was removed by degrading it using mung bean 

nuclease (Promega) as described by Simpson et al. (1999). Briefly, a 30 µl reaction contained 

15 µl PCR product, 3 µl 10 x mung bean buffers, 1.5 µl mung bean nuclease, and 10.5µl of 

nuclease free water. The mixture was then incubated for 10 minutes at 37ºC. After incubation, 

10 µl of gel loading dye was added to stop the reaction. The mixture was stored at -20ºC until 

DGGE analysis. 

 

2.2.5 Effects of DMSO and BSA in the PCR amplifications 

The effects of adjuvants on the PCR amplification efficiency (higher PCR product) and 

specificity (no nonspecific products) were investigated by performing 16S rRNA gene PCR on 

four faecal DNA samples, which previously did not give a PCR product when no adjuvant was 

added. One set of the PCR reactions contained 5% DMSO and the other set contained BSA 

(0.6 µg/µl, final concentration). The amplifications were done as described in the PCR protocol 

above (2.2.4). 

2.2.6 DGGE analysis of PCR products 

PCR products generated with primer combinations; Lac16S-f and Lab-0667-GC, Univ-341-GC 

and Lab-0667-r, and Univ-341f-GC and Univ-0515-r were subjected to denaturing gradient gel 

electrophoresis using the DCode Universal Mutation Detection System (Bio-Rad, California). 

Polyacrylamide gels used consisted of 8% (vol/vol) polyacrylamide (37.5:1 acrylamide-

bisacrylamide) and 50x TAE buffer (2 M Tris base, 1 M Acetic acid, 50 mM EDTA, pH 8, and 

water). The PCR products were separated using 20-70%, 40-60% and 45-55% denaturing 

gradients formed from deionised formamide (Sigma) and urea (Sigma-Aldrich). A 100% 

denaturant is a mixture of 7M urea and 40% (vol/vol) of deionised formamide. Gels were 
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poured into a 160 x 160 x 1 mm parallel gel sandwich using a manual gradient former (Bio-

Rad, California). A comb was carefully inserted to a desired depth and the gel was allowed to 

polymerise for at least 2 hours. The wells were thoroughly and carefully washed with 1x TAE 

before 10 µl of the PCR products were loaded. Electrophoresis was performed in 1x TAE 

buffer for 18 h at a constant voltage and temperature of 62V and 60ºC respectively. Gels were 

stained with ethidium bromide as per Bio-Rad’s manual instructions and later viewed and 

photographed using Gel Doc system (Bio-Rad, CA). 

 

2.2.7 Construction of Lactobacillus identification ladder 

PCR products obtained from amplification of 16S rRNA gene of all 11 Lactobacillus strains 

were pooled together (3 µl of each) and loaded into one DGGE well.  Each of the PCR 

products (4 µl) was also loaded separately into each of the subsequent wells and subjected to 

DGGE as described above. 

 

2.2.8 Bias determination in PCR 

PCR bias due to template annealing was determined by pooling together 40 ng of each of 

genomic DNA from all 11 Lactobacillus reference strains. The V3 region of 16S rRNA gene 

was then amplified as described in PCR protocol section and the PCR products were subjected 

to DGGE (section 2.2.6). 

 

2.2.9 Impact of electrophoresis time on DGGE analysis 

The impact of electrophoresis time on DGGE analysis was investigated using 16S rRNA PCR 

products of the 4 faecal genomic DNA samples. The individual PCR products were aliquoted 
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(20 µl) and frozen at –20°C until DGGE analysis was performed. They were then subjected to 

DGGE under one of the two combinations of voltage and time; 62V for 16.7 h and 133V for 

7.5 h. In both cases, 1x TAE was used as running buffer, 45-55% denaturing gradient and a 

constant temperature of 60ºC. 

 

2.2.10 Reproducibility of DGGE patterns 

Genomic DNA was extracted from four faecal samples in duplicate using the QIAmp  

DNA Stool Mini Kit (Qiagen). The 16S rRNA genes of each set of genomic DNA were 

amplified using PCR primers Lac 16S-f and Lab 0677-r, and PCR products were subjected to 

DGGE under the same conditions as described in section 2.2.6. 

 

2.3 Results and Discussion 

2.3.1 Primer evaluation 

The primers used in this study were reported in published studies that investigated 

Lactobacillus species in faecal samples (Table 2.2). However, Heilig et al. (2002) and Walters 

et al. (2001) showed that the target region of primers Lab-0667-r, Lac16S-f and Lac16S-r was 

not specific for 16S rRNA gene sequences of Lactobacillus, but would also detect that of 

related lactic acid species of Pediococcus, Leuconostoc and Weissella. This was confirmed in 

the current study by bioinformatics analysis of the sequences of these bacteria lodged in NCBI 

database. Attempts to design more specific primers were not successful (data not shown), so 

the published primers were used in this study. 
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The primers were paired and evaluated with each other (Table 2.3) and their specificities were 

determined experimentally by PCR using the genomic DNA of Lactobacillus reference strains 

and other bacterial strains listed in Table 2.1.  The highest yield of PCR product for primers 

Lac16S-f and Lab-0677-r was obtained at the annealing temperatures of 62-66°C. With other 

primer combinations, the highest yield of PCR product was obtained at annealing temperatures 

ranging from 55°C to 60°C. After 30 cycles, the PCR amplification using primers Lac16S-f 

and Lab-0667-r yielded PCR products specifically when DNA from Lactobacillus strains  was 

used, but none were obtained when DNA from other bacterial strains were templates (Table 

2.4).  The other primer combinations; Univ-341-f and Lab-0667-r, and Lab-0159-f and Univ-

515-r detected Pediococcus acidilactis in addition to Lactobacillus. 

 

The GC clamp was attached to primers Univ-341-f and Lab-0667-r to create PCR products 

suitable for DGGE analysis. However, low yield PCR products, not suitable for DGGE, were 

generated. In order to improve the yield, 16S rRNA gene PCR was first performed with 

primers Lac16S-f and Lab-0677-r or 341-f and Lab-0677-r generating 340 bp and 352 bp PCR 

products respectively. A second round 16S PCR was then performed on these products with 

primers Lac16S-f and Lab-0667-GC or Univ-341-GC and Univ-0515-r to obtain high yields of 

PCR product (Figure 2.1). 
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Table 2.4: PCR of 16S rRNA gene of genomic DNA extracted from different bacteria using 

different primer combinations. 

                                                                 Primer combinations 

Bacterial strains       Lac16S-f + Lab-0667-r    Univ-341-f + Lab-0667-r      Lab-159f + 515r 

Bacteriodes fragilis                     -                                          -                                           -                                       

Bifidobacterium lactis                 -                                          -                                           -                                       

Bifidobacterium longum              -                                          -                                           -                                      

Clostridium perfringens              -                                          -                                           -                                       

Escherichia coli                           -                                          -                                           -                                      

Enterococcus faecalis                  -                                          -                                           -                                      

Pediococcus acidilactis                -                                        +                                          + 

Lactobacillus species                  +                                        +                                          +                            
 (-), no PCR product obtained. 
 (+), PCR product obtained. 
 

                    

Figure 2.1: PCR of V3 region of 16S rRNA gene with primers Univ-341-GC and Lab-0667-r from 

genomic DNA of 10 Lactobacillus reference strains. Lanes: λ, λ-DNA digested with PstI; c, negative 

control (no DNA); 1, L. reuteri; 2, L. brevis; 3, L. rhamnosus; 4, L. plantarum; 5, L. fermentum; 6, L. 

casei; 7, L. gasseri; 8, L. johnsonii; 9, L. acidophilus; 10, L. delbruekii. 

 

2.3.2 Sensitivity of PCR  

The sensitivity of the PCR was determined using genomic DNA of Lactobacillus gasseri 

DSM20243 at amounts ranging from 20 ng to 600 ng and primers Lac16S-f and Lab-0667-r. A 

λ   c   1   2    3    4    5    6    7   8    9  10  

392 bp 

14 kb 

510 bp 
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minimum of 40 ng of DNA was needed to obtain a PCR product (340 bp) while the highest 

yield of PCR product was obtained using 360 ng of DNA (Figure 2.2). 

 

                    

Figure 2.2: Sensitivity of PCR to different DNA template concentrations with primers Lac16S-f and 

Lab-0667-r. Lanes: λ-DNA digested with PstI; c, negative control; 1, 20 ng; 2, 40 ng; 3, 60 ng; 4, 120 

ng; 5, 240 ng; 6, 360 ng; 7, 480 ng; 8, 600 ng. 

 

2.3.3 Effects of adjuvants on PCR 

Adjuvants such as BSA, DMSO and glycerol are sometimes used in PCR as they are reported 

to increase the amplification efficiency (more PCR product) and specificity of PCR. However, 

some of them, for example DMSO, are reported to give conflicting results in different PCR 

experiments (Henegariu et al., 1997), and as such, their effects needed to be investigated in the 

context of this study. DMSO (5%) and BSA (0.6 µg/µl) were added to PCR of faecal DNA 

samples that previously did not give a product when amplified without any adjuvant.  PCR 

products were obtained from three of four DNA samples containing BSA and very little 

product from only one with DMSO (Figure 2.3). The staining intensity of DNA fragments on 

the gel was greatest in bands from PCR reactions that contained BSA as compared to the one 

that contained DMSO, indicating that BSA was more efficient in PCR amplification than 

 

λ     c   1    2     3    4    5    6    7   8 

340 bp 

14 kb 14 kb 

800 bp 
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DMSO. Similar results have also been reported by other researchers (Henegariu et al., 1997; 

Nagai et al., 1997). BSA is reported to protect the fidelity of DNA polymerase and interacts 

with inhibitory substances in the DNA sample (Nagai et al., 1997). 

 

                                 
      
 
Figure 2.3: PCR of four faecal samples showing amplification effects of DMSO and BSA using primers 

Lac16S-f and Lab-0667-r. Lanes: λ, λ- DNA digested with PstI; C, negative (no DNA) control; lanes 1-

4, with DMSO and lanes 5-8, with BSA. 

 

2.3.4 DGGE of Lactobacillus 16S rRNA PCR products 

The amplification of the V3 region of the 16S rRNA gene from genomic DNA of all 

Lactobacillus reference strains with primers Lac16S-f and Lab-0677-GC produced PCR 

products of the expected 392 bp size (Figure 2.1). When subjected to DGGE, the PCR 

fragments migrated into the gel to different positions (Figures 2.4, 2.5 and 2.6). It was possible 

to separate or group the Lactobacillus DNA fragments according these migration distances and 

the success of this was dependent on the gradient used. In a 20-70% denaturing gradient gel, 

DNA fragments of L. rhamnosus, L. johnsonii, L. casei, L. plantarum, and L.  delbruekii co-

migrated at the same position (Figure 2.4, lanes 2, 5, 7, 9 and 10 respectively). Similarly, DNA 

λ   C  1   2  3  4   5   6   7   8 

340 bp 

14 kb 

510 bp 
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fragments of L.  reuteri and L.  fermentum (Figure 2.4, lane 3 and 4) co-migrated as did DNA 

fragments of L. brevis and L. acidophilus (Figure 2.4, lane 1 and 8 respectively). Only the L. 

gasseri fragment could be distinguished individually as it migrated to a unique position (Figure 

2.4, lane 6). When all 10 PCR products were mixed in equal amounts and subjected to DGGE, 

four migration distances (Figure 2.4, lane M) were generated. These migration patterns, 

however changed when the same PCR products were subjected to a 40-60% denaturing gel 

(Figure 2.5). In this gradient, the mixture of all PCR products generated six different migration 

distances (lane M). L. johnsonii (lane 8) was separated from L. casei, L. delbruekii, L. 

plantarum and L. rhamnosus (Figure 2.5, lanes, 2, 5, 6 and 9) respectively, and L. fermentum 

was separated from L. reuteri (Figure 2.5, lane 4 and 10). L. acidophilus and L. brevis 

separated very little (Figure 2.5, lane 3 and 7), indicating that further narrowing of gradient 

would be required to position them apart on the gel. This was confirmed in a 45-55% 

denaturing gradient gel where L. johnsonii, L. gasseri, L. brevis, L. acidophilus, L. reuteri and 

L. fermentum could be identified individually as they showed characteristic migration patterns 

(Figure 2.6). L. rhamnosus, L. delbruekii and L. plantarum that showed no potential of 

separating in the 20-70% and 40-60% gradients were not included in the 45-55% and were 

represented by L. casei. These denaturing conditions appeared to give the greatest resolution of 

the highest number of species tested, and were used in further experiments. 

 

The assumption made when analysing bacterial communities using PCR-DGGE is that the 

double stranded DNA molecule of the same length, but different in nucleotide sequence, can be 

separated as they migrate down the denaturing gradient gel, and theoretically, each band of the 

pattern created corresponds to a single bacterial species. However, results of this study have 
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shown that a single band does not necessarily represent a single bacterial species. L. 

rhamnosus, L. casei, L. delbruekii and L. plantarum could not be distinguished from each 

other. Similar results have been reported in the literature. Using primers Lac16S-f and Lac16S-

r and a denaturing gradient of 30-50%, Walters et al. (2000) could not separate L. rhamnosus 

from L. casei as they co-migrated. There are also reports of members of the L. acidophilus 

group (L. acidophilus, L. amylovorous, L. amylolyticus and L. crispatus) of being 

indistinguishable in DGGE gels (van Beek and Priest, 2002). Similarly, Meroth et al. (2003) 

reported the co-migration of L. acidophilus, L. crispatus and L. pontis. Some species of 

Lactobacillus are closely related and the 16S rRNA gene fragments analysed ‘may not contain 

major difference’ to allow separation by DGGE (Ercolini, 2004). Caution, therefore, has to be 

exercised when interpreting data obtained from DGGE.  

     

The DGGE profile created from the mixture of known Lactobacillus DNA fragments (Figure 

2.5 and 2.6, lane M) could be used as an identification ladder. Migration behaviour of 16S 

rRNA gene fragments obtained from unidentified isolates of Lactobacillus species could be 

compared to the migration distance of known reference strains on the identification ladder, thus 

allowing them to be presumptively identified or placed in a certain Lactobacillus group even 

before sequencing, although co-migration of non-identical species was always possible. 
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 Figure 2.4: DGGE analysis of 16S rRNA gene PCR products from genomic DNA 10 reference 

Lactobacillus strains. Electrophoresis was done using 20-70% denaturing gradient, 1x TAE, 62V for 

16.7 hours and a constant temperature of 60ºC. Lanes: 1, L. brevis; 2, L. rhamnosus; 3, L. reuteri; 4, L. 

fermentum; 5, L. johnsonii; 6, L. gasseri; 7, L. casei; 8, L. acidophilus; 9, L. plantarum,; 10, L. 

delbrueckii; and M, mixture of all 10 Lactobacillus  PCR products.  

                       

 

 

 

 

 

 

              

                                                                                   

Figure 2.5: DGGE analysis of 16S rRNA gene PCR products from genomic DNA 10 reference 

Lactobacillus strains. Electrophoresis was done using 40-60% denaturing gradient, 1x TAE, 62V for 

16.7 hours and a constant temperature of 60ºC. Lanes: M, Mixture of all 10 Lactobacillus PCR 

products; 1, L. gasseri; 2, L. casei; 3, L. brevis; 4, L. reuteri; 5, L. delbrueckii; 6, L. plantarum; 7, L. 

acidophilus; 8, L. johnsonii; 9, L. rhamnosus; and 10, L. fermentum.    

 

       M  1    2    3    4    5    6    7   8   9   10

L. fermentum, L. reuteri 

L. acidophilus, L. brevis 
 L. gasseri L. casei 

L. fermentum 

L. reuteri 

L. casei 
L. johnsonii 

L. gasseri 
         L. brevis, 
 L. acidophilus 

 1    2   3  4   5   6  7   8   9      10  M
L. rhamnosus 
L. johnsonii 
L. plantarum 
L. delbruckii 

L. rhamnosus 
L. plantarum 
L. delbruckii 
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Figure 2.6: DGGE analysis of 16S rRNA gene PCR products from genomic DNA 7 reference 

Lactobacillus strains. Electrophoresis was done using 45-55% denaturing gradient, 1x TAE, 62V for 

16.7 hours and a constant temperature of 60ºC. Lanes: M, Mixture of 7 Lactobacillus PCR products; 1, 

L. casei; 2, L. fermentum; 3, L. johnsonii; 4, L. gasseri; 5, L. brevis; 6, L. reuteri; 7, L. acidophilus. 

 

2.3.5 PCR bias determination 

Template annealing can introduce bias in PCR (Suzuki and Giovannoni, 1996). This creates 

problems in estimating diversity as the DGGE profile created from such PCR does not 

represent the quantitative picture of the original microbial sample. To explore whether template 

annealing introduced bias in this study, DNA samples from seven Lactobacillus strains (L. 

casei, L. johnsonii, L. gasseri, L. brevis, L. acidophilus, L. reuteri and L. fermentum) were 

mixed in equal amounts, the 16S rRNA genes amplified by PCR, and the products subjected to 

DGGE analysis.  These species were chosen because their DNA fragments were shown to 

migrate at different positions on DGGE gels (Figure 2.6) making it possible to determine if one 

of the DNA target genes was not amplified.  DGGE detected the presence of all seven DNA 

fragments (Figure 2.7). The staining intensity of these fragments was approximately the same. 

This indicated that there was no significant bias in terms of the PCR. Some additional DNA 

bands, however, formed between prominent DNA fragments of L. brevis and L. acidophilus. 

L. fermentum 
L. reuteri 

L. acidophilus 
L. brevis 

L. gasseri 
L. johnsonii 

L. casei 

       M    1     2     3    4    5     6                 7  
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These may have been ssDNA remaining from the PCR reaction. They are artefacts often 

encountered in PCR-DGGE that can obscure banding patterns and cause interference with 

image analysis. Application of Mung bean nuclease is reported to be a quick and effective way 

of eliminating the problem (Muyzer and Smalla, 1998). However, in this study the addition of 

the nuclease to PCR products before DGGE did not yield any significant improvement (results 

not shown). 

 

                                           

Figure 2.7: DGGE of 16S rRNA gene PCR products generated from amplification of genomic DNA 

pooled from 7 Lactobacillus DNA samples. Electrophoresis was done using a 45-55% denaturing 

gradient, 1x TAE, 62V for 16.7 hours and a constant temperature of 60ºC. 

 

2.3.6 Impact of electrophoresis time on DGGE profiles 

The choice of electrophoresis time has been identified as a possible source of inconsistency 

when PCR products are analysed on DGGE gels. There are conflicting reports in the literature 

on its impact on the separation of DNA fragments on DGGE gels. To explore the effects of 

electrophoresis time on DGGE analysis, 16S rRNA gene PCR was first performed on five 

faecal genomic DNA samples using primers Lac 16S-f and Lab-0677-r. The single 340 bp PCR 

products were subjected to DGGE analysis on two identical gels under different 

L.casei 
L. johnsoniii 
L. gasseri 
L. brevis 
L. acidophilus 

L. reuteri 

L. fermentum 
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electrophoresis conditions. Results showed that electrophoresing the gel for varying times had 

an impact on the DGGE profiles created.  It was found that electrophoresis for a shorter time 

(133V for 7.5 h) resulted in incomplete band separation and resolution (Figure 2.8A). There 

were fewer DNA bands and they were indistinct. This result was contrary to the findings of 

Sigler et al. (2004) who recommended faster gel electrophoresis. Interestingly, 

electrophoresing the gel for a longer time period (60V for 16.7 h) resulted in higher number of 

bands with good resolution (Figure 2.8B). These results concur with results found by other 

studies (Gejman et al., 1998). 

                

                           
                                           
 
Figure 2.8: DGGE analysis of 340 bp-16S rRNA gene PCR products from genomic DNA of 5 faecal 

DNA samples electrophoresed under differing voltages and times at constant temperature 60°C (1x 

TAE), 8% polyacrylamide gels containing a 45-55% denaturing gradient. Electrophoresis was done at 

(A) 133V for 7.5 h and (B) 60V for 16.7 h. Lanes: M, standards; 1-5, PCR products from 5 DNA faecal 

samples. 

 

2.3.7. Reproducibility of DGGE profiles 

To determine whether the bacterial profiles created by DGGE can be accurately reproduced, 

four faecal DNA samples were extracted in duplicate and the 16S rRNA genes amplified 

M 1 2 3 4 5 M 1 2 3 4 5

A B
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independently. When subjected to DGGE under the same conditions, the two set of gels 

produced similar DGGE profiles (Figure 2.9A and 2.9B).  This confirms that all stages of the 

analysis such as DNA extraction, PCR and DGGE were reproducible and the banding patterns 

produced from different gels can be compared with a high degree of confidence. 

                    

                                  

Figure 2.9: DGGE of same 16S rRNA gene PCR products obtained independently from amplification 
of four faecal DNA samples extracted in duplicate. Electrophoresis conditions involved 45-55 
denaturing gradient, costant voltage (62V) and temperature (60C) for 16.7 hours, and 1x TAE. Lanes: 
M, standards (L. ca, L. casei; L. jo. L. johnsonii; L. ga, L. gasseri; L. bre, L. brevis; L. a, L. 
acidophilus); 1- 4 faecal DNA samples. 
 
In conclusion, the experiments reported here have shown that Lactobacillus 16S rRNA gene 

PCR products can be separated or grouped together by denaturing gradient gel electrophoresis. 

However, the conditions for PCR and those for performing the DGGE analysis need to be 

optimised before the analyses of the unknown microbiota. Of particular importance are primer 

combinations, use of adjuvants, and electrophoresis time. Primers combinations Lac16S-f and 

Lab-0677-r-GC, and 341-f-GC and Lab-0667-r were specific to Lactobacillus and Pediococcus 

species. However, use of these primer combinations gave low yields of PCR products and was 

not suitable for DGGE. Therefore, two rounds of PCR were performed, first with Lac16S-f and 

Lab-0667-r or Univ-341-f and Lab-0667-r primers and then Lac16S-f and Lab-0667-GC or 

Univ-341-GC and Univ-0515-r. BSA improved the PCR amplification efficiency of faecal 

M 1 2 3 4 M 1 2 3 4
A B
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DNA to a greater extent than DMSO. For DGGE analysis, optimal band separation and 

resolution was achieved when DGGE gels were run at lower voltage (62V) and for longer time 

(16.7h). This was achieved by electrophoresing using 8% polyacrylamide gels, 45-55% 

denaturing gradient, 1x TAE and a constant temperature of 60ºC. These conditions were used, 

with confidence, to study and compare the biodiversity of faecal Lactobacillus species of the 

two study populations. This work is described in the next chapter. 
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Chapter 3 

Molecular diversity of faecal Lactobacillus species in white and black South African male 

population groups as determined by PCR and denaturing gradient gel electrophoresis 

(DGGE). 
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3.0 Summary 

The consumption of food rich in oxalate by black South Africans places them at risk for the 

formation and development of kidney stones. However, they seem to cope well with the 

overload of oxalate in the diet and the prevalence rates of kidney stones are low as compared to 

the white population. Gastrointestinal oxalate degrading bacteria, especially, Lactobacillus 

species, have been shown to play a key role in intestinal oxalate homeostasis of the host. The 

diversity of faecal Lactobacillus species between the two population groups, comprising of 

twenty white and twenty five black stone-free South African males, was determined and 

compared using PCR-denaturing gradient gel electrophoresis. The presence of potential 

Lactobacillus species was detected by conventional PCR in all DNA faecal samples of the two 

study groups. DGGE analyses of Lactobacillus 16S rRNA gene PCR products generated 

banding patterns that varied among all forty five individuals in the study. However, although 

this was the case, the black study group shared certain bands that were not common in the 

white study group. The Shannon-Wiener diversity index, H, indicated a significantly higher 

faecal Lactobacillus diversity in the low-risk group (H = 5.6) as compared to the high-risk 

group (H= 3.7), p = 0.042. This is the first report to show significant differences in the 

diversity of Lactobacillus species between the two South African population groups.   
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3.1 Introduction 

The medical condition of kidney stone formation, known clinically as urolithiasis, 

nephrolithiasis or renal calculi, consists of hardened deposits of minerals dissolved in urine. 

Stones come in different forms but over 80% of them are reported to be calcium oxalate in 

nature (Liebman and Costa, 2000). They are a worldwide health problem affecting 5-20% of 

men and 5% of women (reviewed in chapter 1). These figures are comparable to the prevalence 

rate of the white population in South Africa.  However, the black South African population 

appears to be resistant to stone formation (Whalley et al., 1998; Wise and Kark, 1961).) It was 

earlier suggested, amongst other things, that low consumption of calcium and animal protein as 

is common in the black population, might be a reason (Muskat et al., 1951; Modlin, 1967). 

However, recent findings have shown that the black population consumes food that contains 

high amounts of oxalate and low levels of calcium (Whalley et al., 1998; Lewandowski, 2003). 

Consumption of oxalate-rich foods, as reported in black South Africans, and its subsequent 

absorption and excretion into urine, is a risk factor for hyperoxaluria and calcium oxalate 

stones. However, Lewandowski (2003) reported that urine oxalate levels in the white group 

increased significantly when they were challenged with dietary oxalate, but remained 

unchanged in the black group under these conditions, indicating that the latter had a 

mechanism better suited to deal with oxalate. It was postulated that a contributing factor could 

be that blacks have a higher number of colonic oxalate-degrading bacteria that helped in 

oxalate homeostasis than is found in whites. 

 

Several studies have reported the presence of oxalate-degrading bacteria in the human 

intestines (reviewed in chapter 1). O. formigenes is one such bacterium and its oxalate 



Univ
ers

ity
 of

 C
ap

e T
ow

n

 50

degrading activities have been well documented (Allison et al., 1985). It is an obligate 

oxalotroph which derives its metabolic energy solely by decarboxylation of oxalate through 

proton-motive metabolic cycle (Ruan et al., 1992). Its activity is reported to regulate the 

absorption of oxalate in the intestines and also maintain oxalate levels in urine (Doane et al., 

1989). The absence of O. formigenes from human stools has been correlated with incidence of 

calcium oxalate stones (Hans et al., 1985; Sidhu et al., 1998; Sidhu et al., 1999; Kumar et al., 

2002). Sidhu’s study, however, also reported that not all individuals who tested negative for O. 

formigenes were hyperoxaluric (Sidhu et al., 1998), suggesting that other members of the gut 

microbiota could also be involved in oxalate homeostasis. When hyperoxaluric patients were 

treated with high concentrations of freeze-dried lactic acid bacteria, a reduction in urinary 

oxalate was seen, suggesting that high-risk individuals could be lacking or have a reduced 

diversity of certain members of lactic acid bacteria (Campieri et al., 2001). Lactobacillus 

species, especially L. acidophilus, L. gasseri and L. reuteri are the only species so far to be 

shown to have the ability to degrade oxalate (Turroni et al., 2007; Azcarate-Peril et al., 2006; 

Lewanika et al., 2007; Campieri et al., 2001). It is, therefore, possible that the high-risk white 

male South African population has a reduced diversity of these and other oxalate-degrading 

Lactobacillus species as compared to their low-risk black male counterparts. 

Studies on the composition of faecal Lactobacillus species and other members of faecal 

microbiota have routinely employed bacteriological culture techniques (Macfarlane and 

Macfarlane, 2004).  These techniques are, however, time consuming and laborious, and they 

have been shown to have deficiencies in microbial ecology studies. For example, the available 

commercial selective media fail to mimic the conditions a particular bacterium needs for 

growth in its natural habitat, resulting in many bacteria cells being left undetected (Hugenholtz 
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et al., 1998). The introduction of molecular techniques has, however, provided the alternative 

of studying microbial ecologies without prior cultivation and isolation of the bacteria. Most of 

these techniques employ the sequence variation in the rRNA gene to infer phylogenetic 

relationships among organisms and are used to design probes and primers for detection of 

individual microbial groups. Examples of such techniques include hybridisation with taxon-

specific probes (Liesack et al., 1992), restriction fragment length polymorphism (RFLP), 

amplified ribosomal DNA restriction analysis (ARDRA) of clones (Kohler et al., 1991; 

Weidner et al., 1996), and separation of amplified rRNA genes by gel electrophoresis (DGGE 

or TGGE). DGGE is perhaps the most commonly used among molecular methods to 

fingerprint the genetic diversity of complex microbial communities. It rapidly provides a semi-

quantitative banding profile indicative of the constituents of a particular microbial population, 

and can be used to determine the community dynamics in response to environmental variations 

(reviewed in chapter 1). The objective of this chapter was to determine and compare the faecal 

Lactobacillus species diversity of two study population groups; one comprising of white male 

South Africans  (high-risk group) and the other composed of black male South Africans (low-

risk group), using Lactobacillus Group-specific PCR primers and denaturing gradient gel 

electrophoresis.   

 

3.2 Materials and methods 

3.2.1 Study design and faecal samples 

A total of forty five fresh faecal samples (n = 45) were collected from healthy individuals of 

between 18 and 25 years of age with no prior history of kidney formation. Twenty of them (n = 

20) were collected from the high-risk white male population and the other (n = 25) from the 
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low-risk black male population. The faecal samples were collected into sterile plastic bottles, 

kept on ice, and immediately transported to the laboratory where an aliquot was processed 

anaerobically using MRS and oxalate enrichment culture based techniques (see Chapters 2 and 

5). The remainder of the faecal sample was stored at –20°C for DNA extraction. 

 

3.2.2 Genomic DNA Extraction  

Genomic DNA from faecal samples was extracted using QIAmp DNA Stool Mini Kit (Qiagen) 

following the manufacturer’s instructions with slight modifications as described in section 

2.2.3. The quality and concentration of DNA was determined using the Nanodrop 

spectrophotometer (Nanodrop Technologies). 

 

3.2.3 PCR amplifications  

All the primers used in the study and their sources are listed in Table 3.1. The PCR 

amplification of the V3 region of the 16S rRNA gene of genomic DNA obtained from faecal 

samples was performed using a GeneAmp PCR System 9700 (Applied Systems, CA). A 25 µl 

PCR reaction mixture contained 10x PCR buffer, 2 mM MgCl2, Bovine Serum Albumen (0.6 

µg/µl final concentration), 12.5 pmol of each primer, 200 µM concentration of each 

deoxynucleoside triphosophate, 0.25 U of Taq DNA polymerase (Superthermo), ca. 360 ng of 

genomic DNA and nuclease free sterile water (Fermentas). The amplification program 

involved predenaturation at 96°C for 4 min, 30 cycles of denaturation at 96°C for 40 sec, 

annealing at 55ºC for 30 sec, extension at 72°C for 45 sec; and a final elongation at 72°C for 5 

min. 
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Table 3.1:  Primers used in the study 
 
Name of primer                     Sequence (5′- 3′)                                                 Source 

 Univ-341-f                    CCT ACG GGA GGC AGC AG                             Muyzer et al., 1993 

 Lab-0667-r                    CAC CGC TAC ACA TGG AG                             Heilig et al., 2002 

 Univ-0515-r                  ATC GTA TTA CCG CGG CTG CTG GCA         Lane, 1991     

 Univ-341f-GC               341f-CGC CCG CCG CGC GCG GCG GGC        Muyzer et al., 1993  

                                       GGG GCG GGG GCA CGG GGG GCC TAC  

                                       GGG AGG CAG CAG 

 

PCR amplification to investigate the Lactobacillus species in the gastro-intestinal (GI) tract 

was performed by first using primers Univ-341-f and Lab-0667-r and using the resulting 

amplicons as template in a second round PCR with primers Univ-341-f-GC and Univ-0515-r. 

The program consisted of 96°C for 4 min, 30 cycles of 96°C for 40 sec, 55°C for 30 sec, and 

72°C for 45 sec; and the final extension at 72°C for 7 min. The presence of PCR products and 

their molecular size was determined by analysing 4 µl of the product on 1% agarose gels, 

staining with ethidium bromide, and comparing them to a molecular weight marker (λ DNA 

digested with PstI). 

 

3.2.4 DGGE analysis of faecal Lactobacillus PCR products 

PCR products generated with primers 341f-GC and Univ-0515-r were subjected to denaturing 

gradient gel electrophoresis (DGGE) using DCode universal mutation detection system (Bio-

Rad, Hercules, CA). Polyacrylamide gels used consisted of 8% (vol/vol) polyacrylamide 

(37.5:1 acrylamide-bisacrylamide) and 50x TAE buffer (2 M Tris base, 1 M Acetic acid, 50 
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mM EDTA, pH 8, and water). The PCR products were separated using 45-55% denaturing 

gradient formed from deionised formamide (Sigma) and urea (Sigma-Aldrich). A 100% 

denaturant was a mixture of 7 M urea and 40% (vol/vol) of deionised formamide. Gels were 

poured into a 160 x 160 x 1 mm parallel gel sandwich using a manual gradient former and a 

comb was then carefully inserted as previously described in section 2.2.10.  Electrophoresis 

was performed in 1x TAE buffer for 18 hr at a constant voltage and temperature of 62V and 

60ºC respectively. Gels were stained with ethidium bromide as per Bio-Rad’s instructions and 

later viewed and photographed using the Gel Doc system (Bio-Rad, CA). 

 

Ten different PCR products were loaded into each gel; five from the high-risk population and 

the other five from the low-risk population. A mixture of seven 16S rRNA gene PCR products 

from genomic DNA of Lactobacillus reference strains (L. rhamnosus, L. johnsonii, L. gasseri, 

L. brevis, L. acidophilus, L. reuteri and L. fermentum) was loaded in the first well of each gel 

as a reference ladder. 

 

3.2.5 Excision of DNA fragments, cloning, sequencing and sequence analysis 

Selected DNA fragments were excised as described by Omar and Ampe (2000) with slight 

modification. In short, after taking the photograph, the gels were restained with ethidium 

bromide for 30 min and destained for 5 min in 25 ml of 1x TAE. DNA bands were cut out 

aseptically using surgical blades, resuspended in sterile nuclease free water, and left overnight 

at 4°C.  The tubes were centrifuged for 1 min to collect the aqueous phase containing DNA. 
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DNA obtained from excised DGGE fragments was amplified with primers Univ-341-f and 

Lab-0667-r (Table 3.1) as described in the PCR protocol above. The PCR products obtained 

were then used as template in another PCR with primers Univ-341f-GC and Univ-515-r (Table 

3.1) and subjected to DGGE again as described above, to ascertain the position and purity of 

the bands. Thereafter, the first round PCR products were purified using High Pure PCR 

Product Purification kit (Roche, Mannheim). The concentrations of purified PCR products 

were determined spectrophotometrically by Nanodrop (Nanodrop Technologies). 

  

The pure PCR products were ligated into pTZ57R/T (Fermentas) and transformed into E. coli 

DH5α. Plasmid DNA was extracted using Plasmid DNA extraction kit (Qiagen). The presence 

of the insert was determined by colony PCR using primers Univ-341-f and Lab-0677-r (Table 

3.1) and digesting the plasmid DNA with restriction endonuclease PvuII (Fermentas) followed 

by agarose gel electrophoresis. The plasmid DNA containing the insert was sequenced using 

M13 as a forward primer. 

 

Nucleotide sequence data was obtained using the MegaBACE 500 Sequence Analyser v2.4. 

Further sequence analysis and editing was carried out using the DNAman software programme 

(Lynnon Biosoft, version 4.13). The closest match of the partial 16S rRNA gene was 

determined by searching the GenBank data base using the BLAST algorithm (Altschul et al., 

1990). A similarity of > 98% to the 16S rRNA gene sequences of type strains was used as a 

basis for identification. 
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3.2.6 Analysis of DGGE banding patterns 

The analysis of the DGGE banding patterns was carried out using the Quantity-1 gel analysis 

software programme (Biorad, CA). Scanned gels were analysed separately by aligning them 

using the Lactobacillus species in standard lanes. The DNA bands present in each lane were 

detected by the programme and those that migrated to the same position in the gel lanes were 

matched and numbers ascribed to them. The densitometric curves, whose peak areas were 

proportional to the band intensities, were calculated from each gel track as described by 

Eichner et al. (1999). This data was then used to perform a cluster analysis and calculate the 

Shannon-Wiener diversity index, H, as described below. 

 

3.2.6.1 Cluster analysis 

The relationship of the DGGE banding patterns of the two population groups was determined 

by a clustering algorithm, an unweighted pair group method with arithmetic averages 

(UPGMA). The results were presented graphically as dendrograms. 

 

3.2.6.2 Shannon-Wiener diversity index 

The structural diversity of Lactobacilllus species in faecal samples of the two study groups was 

determined by the Shannon-Wiener diversity index, H (Ledder et al., 2007). This was 

calculated using the following formula: 

                                                 H = - ∑ Pi log Pi 

where Pi is the importance probability of the bands in the gel lane. The importance probability 

Pi was calculated as 

                                                Pi = ni / N                      
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where ni  is the height of a band peak and N  is the sum of all band peaks in the densitometric 

curve. Gaussian (normal) distribution tests were applied to the diversity index values of all 45 

subjects in both study groups.  Since the data was not normally distributed, nonparametric 

analysis was done manually using a Mann-Whitney U test. P of < 0.05 was interpreted as being 

statistically significant. 

 

3.3. Results  

3.3.1. DGGE analysis of faecal Lactobacillus amplicons 

The molecular diversity of faecal Lactobacillus species between the two study groups was 

investigated by DGGE in combination with PCR. The 16S rRNA genes of genomic DNA 

extracted from faecal samples were first amplified with primers Univ-341-f and Lab-0667-r 

(Table 3.1) that generated the expected 352 bp product in all samples (data not shown).  A 

second round PCR was performed on these PCR products with primers Univ-341-f-GC and 

Univ-0515-r that generated a 311 bp product before being subjected to DGGE. An example of 

second round PCR products is shown in Figure 3.1. A 57 bp GC clamp was attached to the 

forward primer to generate PCR products suitable for DGGE analysis. The GC clamp prevents 

complete dissociation of the double stranded DNA fragment.       
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Figure 3.1: PCR amplification of V3 region of Lactobacillus spp. 16S rRNA genes from genomic DNA 

isolated from faecal material using primers Univ-341-GC and Univ-515-r. Lanes: λ, λ Phage DNA 

digested with PstI; C, no DNA control; 1, W10; 2, W11; 3, W13; 4, W14; 5, W19; 6, B7; 7, B12; 8, 

B15; 9, B16; 10, B20. 
 

DGGE showed that the banding patterns of each of the individuals analysed in the study was 

unique (Figure 3.2, A-D, results are from one of the two replicate experiments). The DGGE 

banding profiles also revealed 3 to 7 distinguishable bands per lane, which theoretically reflect 

the structural diversity of the potential Lactobacillus species community in the faecal samples. 
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   M  W10  W11  W13  W14 W19  B7   B12   B15  B16   B20 

                    Whites                            Blacks    

 

        
   M    W20 W21W22 W23 W25 B21 B22  B23 B24  B25 

                   Whites                         Blacks 

Figure 3.2(A and B): DGGE and cluster analysis of 16S rRNA gene PCR products obtained from faecal 
genomic DNA of the two study groups generated with primers Univ-341-f and Lab-0667-r. Lane: M, 
Lactobacillus identification ladder; lane W, white subjects; lane B, black subjects. L. ca, L. casei; L.jo, 
L. johnsonii; L. ga, L. gasseri; L. br, L. brevis; L. a, L. acidophilus; L. re, L. reuteri; L. fe, L. 
fermentum. Results are from one of the two replicate experiments. 
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                             DGGE                                                                        DENDROGRAM 

      
   M    W9 W16 W17  W18  W21 B8  B10   B11  B13  B14 

                     Whites                        Blacks 

             
      M    W6    W7   W8   W12  W15 B9   B18 B25  B31  B33    

                       Whites                         Blacks 

Figure 3.2(C and D): DGGE and cluster analysis of 16S rRNA gene PCR products obtained from faecal 
genomic DNA of the two study groups generated with primers Univ-341-f and Lab-0667-r. Lane: M, 
Lactobacillus identification ladder; lane W, white subjects; lane B, black subjects. Results are from one 
of the two replicate experiments.. 
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3.3.2 Cluster analysis 

The relationship of the banding patterns between the high and low-risk population groups was 

analysed and displayed as a dendrogram (Figure 3.2 (A-D) using an unweighted pair group 

method with arithmetic averages (UPGMA). In general, two cluster groups were formed from 

dendrogram A; one containing individuals mostly from the low risk-group and the other 

composed mainly of individuals from the high-risk group. In the other three dendrograms (B-

D), there were some definite cluster groups each containing predominantly individuals either 

from black or white samples. The results indicate that most black samples had similar banding 

patterns and so did the whites, although many of the individuals did not fit the expected 

grouping.  

 

3.3.3. Shannon-Wiener diversity index 

Statistical analysis was performed in order to determine whether the observed clustering was 

significant. The Lactobacillus species diversity of the two study populations was determined 

by calculating the Shannon-Wiener index of diversity, H, from the DGGE banding patterns of 

the two sets of samples. H was calculated based on the number and relative intensities of DNA 

bands on the gel lane. The results showed that the white group had a lower value of H (3.7), 

with a range of 2.4 < H < 6.5, as compared to that of the black group H (5.6) with a range of 

3.4 < H < 11.6 (Table 3.3), indicating that the white group had a reduced Lactobacillus species 

diversity than the black group. The Mann-Whitney U test was used to compare the two 

diversity indices. This revealed that there was significant (P < 0.042) difference in terms of 

Lactobacillus species diversity.  

 



Univ
ers

ity
 of

 C
ap

e T
ow

n

 62

Table 3.2: The Shannon-Wiener diversity indices calculated from the DGGE banding patterns 

of the two study groups. 

 

Study group          Diversity index (H)    Range of diversity index     Statistical significance 

Blacks                              5.6                               3.4 – 11.6                          p =  0.042               

Whites                             3.7                                2.4 – 6.5  

 

3.3.4. Sequence analysis 

The identification of the DNA sequences created in the DGGE were determined by PCR and 

sequencing. Prominent DNA fragments (15) from eight samples [whose MRS bacterial pools 

degraded oxalate better (parallel study, see Chapter 5)], were excised from the gels (Figure 

3.3), amplified with primers Univ-341-f and Lab-0667-r, and the purified PCR products sent 

for sequencing.  

                        

Figure 3.3: Lactobacillus DGGE profiles of individual faecal DNA samples from which DNA bands for 

sequencing were excised. Lanes: M, Lactobacillus standards; 1, W8; 2, W10; 3, B7; 4, B9; 5, B16; 6, 

B17; 7, B19; 8, B20. 
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This direct PCR-sequencing approach, however, provided sequence data that showed that the 

DGGE bands were mixed i.e. contained multiple sequences possibly due to co- migration.  As 

such, DGGE bands were amplified then cloned into pTZ57R/T and the insert DNA of between 

one and three random clones of each of the DNA fragments was sequenced. Data in Table 3.3 

shows the closest relatives of the cloned DNA based on BLAST searches. Several bands 

showed identity to the lactic acid group indicating that the primers Univ-341-f and Lab-0667-r 

were annealing to members of this group. However, taking 97% or higher as the basis for 

identification, only five clones could be identified to the species level. W10 (2a, 2c), B7 (3c), 

B9 (5a), B17 (9a) (Table 3.3) showed sequence identity to L. delbrueckii (98%), L. ruminus 

(99%), L. casei (98%), L. versmoldensis, Leuconostoc citreum (99%). The nearest similarity 

clone sequences of B7 (3b), B9 (5b), B19 (13a, 13b, 13c) was to L. ruminus NBRC 102161 

(84%), Lactobacillus sp. CECT 5920 (90%), L. vitalinus (90%), L. vitalinus (90%) and L. 

vitalinus (90%), respectively. Four were identified as uncultured Lactobacillus spp. and the rest 

as uncultured bacteria, indicating that the 16S rRNA gene sequences of the majority of bacteria 

amplified in the study have not yet been identified in the database. Theoretically, members of 

the same distinct bacterial population migrate to the same position in the gel and would be 

represented by one band. In the present study, some DNA fragments did migrate to the same 

gel position (Figure 3.3, bands 5 and 7).  However, they showed different identities upon 

sequencing, indicating that migration of DNA fragments to the same position, as seen with 

standards in chapter two, does not necessarily mean they are same species.  
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Table 3.3:   The closest relatives of the clones based on BLAST searches. 

 
Individual Band/Clone 

Number 
Species identification based on 16S 
rRNA gene sequence 

% similarity of 
nucleotide sequence 

Accession 
Number 

W8 1a Uncultured bacterium clone Lab9 from 
inflammatory bowel disease 

98 DQ266267.1 

 b Uncultured bacterium from human 
intestinal microbiota 

               100 DQ401788.1 

 c Uncultured bacterium clone Lab9 from  
inflammatory bowel disease 

                98 DQ266267.1 

W10 2a L. delbrueckii 98 M58814.1 
   b Uncultured bacterium from human gut 

associated with obesity 
99 DQ796955.1 

  c L. ruminis NBRC 102161 99 AB326354.1 
B7 3a Uncultured Lactobacillus sp. Clone 

Lab73 from human intestines 
89 AF335906.1 

   b L. ruminis NBRC 102161 84 AB326354.1 
  c L. casei 98 AJ514247.1 
 4a Uncultured bacterium clone human gut 99 DQ809453.1 
B9 5a Lactobacillus versmoldensis 98 AJ496791.1 
   b Lactobacillus sp. CECT 5920 90 AJ576006.1 
B16 6a Uncultured bacterium from human gut 99 DQ796955.1 
   b Uncultured bacterium from human gut 99 DQ796955.1 
 7a Uncultured bacterium from human gut 97 DQ326014.1 
   b Uncultured bacterium clone from 

feacal microbiota of children 
99 DQ401802.1 

   c Uncultured bacterium clone SMC41 99 AM183089.1 
 8a Uncultured bacterium from humans 

associate with obesity 
99 DQ809424.1 

B17 9a Leuconostoc citreum 99 EF121354.1 
  b Uncultured Lactobacillus sp. clone 

LabF1 from human intestines 
99 AF335899.1 

  c Uncultured Lactobacillus sp. clone 
LabF1 from human intestines 

99 AF335899.1 

 10a Uncultured bacterium  from human gut 99 DQ797210.1 
B19 11a Uncultured bacterium clone from 

faecal microbiota of children 
99 DQ401802.1 

     b Uncultured bacterium clone from 
faecal microbiota of children 

99 DQ401802.1 

 12a Uncultured bacterium from feacal 
microbiota of children 

97 DQ401799.1 

    b Uncultured bacterium clone 
AP07S.316 from the bowels 

99 AM277526.2 

 13a L.  vitulinus strain JCM 1143 90 AB289312.1 
    b L.  vitulinus strain JCM 1143 90 AB289312.1 
   c L.  vitulinus strain JCM 1143 90 AB289312.1 
B20 14a Uncultured bacterium from human gut 99 DQ809453.1 
     b Uncultured bacterium clone  from pigs 98 AF371517.1 
   c Uncultured bacterium from feacal 

microbiota of children 
98 DQ401802.1 

 15a Uncultured rumen bacterium RFN74 98 AB009222.1 
    b Uncultured bacterium clone RL185 

associated with obesity 
99 DQ825178.1 
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3.4 Discussion and conclusions 

The majority of black South Africans are reported to consume food that contains high levels of 

oxalate and low levels of calcium (Whalley et al., 1998; Lewandowski, 2003). This should put 

them at a high risk for the formation and development of calcium oxalate stones. However, the 

male black population group seems to cope well with the overload of oxalate in the body and 

consequently have low risk of forming renal stones. It has been postulated, among other things, 

that black people could be harbouring more oxalate-degrading bacteria in the GI than their 

high-risk counterparts. Colonic oxalate-degrading bacteria have been shown to play a role in 

urinary oxalate homeostasis thereby reducing the risk of formation of calcium oxalate stones. 

Evidence suggests that some lactic acid bacteria, especially Lactobacillus species (Turroni et 

al., 2007; Azcarate-Peril et al., 2006; Lewanika et al., 2007; Campieri et al., 2001) are also 

involved in this process. This prompted the assessment of the faecal Lactobacillus species 

diversity between the two study populations. Assessing the diversity of Lactobacillus species 

and indeed that of other bacterial species in such complex bacterial community as human 

faeces is, however, not an easy task in microbial ecological studies. The recent introduction of 

molecular techniques in microbial ecology has lead to a better understanding of the structure of 

these communities. However, while there has been an advancement of such techniques, the 

statistical tools for analysing the resulting data have not progressed much. Nevertheless, the 

advantages of using DGGE over other techniques have already been discussed in chapter 1 and 

2.  The technique was, therefore, used in this study to characterize the faecal Lactobacillus 

species profiles between the study groups.  
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Lactobacillus species are said to lack a monophyletic origin and are closely related to other 

lactic acid bacteria such Weisella and Leuconostoc species. This makes designing primers 

specific for Lactobacillus species impossible (Heilig et al., 2002; Walter et al., 2001). Primers 

used in this study were shown not only to anneal to Lactobacillus species but to other lactic 

acid bacteria (LAB) as well.  

 

In the present study, DGGE generated banding patterns of faecal Lactobacillus and related 

LAB species that varied among each of the individual samples. ‘By-eye’ analysis of banding 

patterns has been commonly used (Tannock, 2002; McBrian et al., 2003). However, a 

comparison of 45 banding patterns could not easily be done using this method of analysis. 

Researchers working on similar studies have used principal component analysis, logistic 

regression analysis and multidimensional scaling to analyse data from DGGE (Ogino et al., 

2001; Yang et al., 2001; van der Gucht et al., 2001; Gafan et al., 2005). Generally, most 

researchers have combined cluster algorithms and diversity indices to identify groups of 

similar banding patterns and determine bacterial biodiversity, respectively (Gafan et al., 2005; 

Ledder et al., 2007; Eichner et al., 1999; Nubel et al., 1999; McCaig et al., 2001; Simpson et 

al., 1999).  

 

The cluster algorithm, UPGMA, was employed in the present study to identify samples that 

had similar banding patterns and the results were displayed as dendrograms. Individual gel 

analysis showed that most black samples clustered together and so did the whites, indicating 

that their banding patterns were similar. In addition, some white and black samples clustered 

together. This demonstrates that regardless of their origin, some samples were related to each 
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other based on the DGGE banding profiles. The results suggest that there could be some 

Lactobacillus and related LAB species that are mainly associated with either the low or the 

high-risk groups, and those associated with the low-risk group could be potentially good 

oxalate degraders that help regulate oxalate levels in the gut.  As mentioned earlier, certain key 

members of Lactobacillus community in the gut such as L. acidophilus, L. gasseri, and L. 

reuteri  have been shown to degrade oxalate (Turroni et al., 2007; Azcarate-Peril et al., 2006; 

Lewanika et al., 2007; Campieri et al., 2001), and perhaps these key species are represented 

more in the low-risk cluster groups than the high-risk counterparts. It would be interesting to 

follow individuals with a particular banding pattern from the high-risk group to see if they 

would form calcium oxalate stones at a later stage in their life. 

 

There are a number of ecological diversity measures reported in the literature, but questions 

arise on the suitability for their use in complex microbial communities (Hill et al., 2003). The 

Shannon-Wiener index of diversity has, however, been applied successfully by other workers 

in complex microbial ecologies (Eichner et al., 1999; Hill et al., 2003; Gafan et al., 2005). It 

was applied in the present study to the 16S rRNA genes from the two population groups that 

were separated by denaturing gradient gel electrophoresis according to their sequence 

variation. Using the number and relative band intensities in each gel lane, it was possible to 

calculate the faecal Lactobacillus diversity index (H) of the two population groups. H can be 

used as a parameter that would reflect the structural diversity of the Lactobacillus and related 

LAB species community. Where there is a lower diversity, there would be less distinct bands 

created and thus a lower H. A possible source of bias in this protocol, however, is that during 

extraction, not all DNA is released equally from all cells due to insufficient or preferential lysis 
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of cells. Consequently certain DNA would be represented in low amounts and during PCR they 

would not be amplified sufficiently to be seen as bands on the gel. The DGGE profiles 

generated in this study would, therefore, be a reflection of those DNA whose cells were easy to 

lyse or easily amplifiable (Polz and Cavanaugh, 1998). As such the diversity indices obtained 

from the DGGE profiles should be regarded as relative.  

 

In the present study, the H value for the White population was lower than that of the Black 

population. The results demonstrated that there was a significantly lower faecal Lactobacillus 

and related LAB species diversity in White group (P = 0.042) than the Black group.  To date, 

there is no published data that can be compared to the present study. However, there has been 

an increase in reports correlating reduced composition or numbers of certain microbiota of the 

GI to certain clinical diseases (Manichanh et al., 2005; Moore and Moore, 1995; Sidhu et al., 

1998). Diet has been suggested as one of the factors that can affect the number or composition 

of bacterial species in the GI. Though its effects have not been extensively studied, reports 

indicate that carbohydrates such as oligofructose and inulin (Gibson et al., 1995; Kleesen et al., 

1997), and galacto-oligosaccharides (Ito et al., 1990) can stimulate the selective growth of 

certain bacteria. Dietary carbohydrates that have escaped digestion in the upper GI or those that 

are non-digestible are the main substrate for gut bacterial growth. Bacteria that are able to 

ferment the carbohydrates will have the balance of population shifting towards them. 

Lactobacillus species are able to ferment oligofructose, and when this substrate is fed to 

healthy human individuals, their faecal population numbers have been reported to increase in 

some subjects (Ito et al., 1990; Williams et al., 1994; Gibson et al., 1995; Kleesen et al., 1997). 

Carbohydrate malabsoption is reported to be common among black South Africans (reviewed 
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by Segal, 2002). It is possible that there are more carbohydrates reaching the colon of this 

population group that stimulate growth and proliferation of Lactobacillus species than in the 

other group (complete absorption of carbohydrate means very little of it reaching the colon).  

The initial bacterial colonization of individual as babies determines to some extent the 

composition of the gut microbiota as adults. Major determinants of the gut microbiota during 

early life include mode of delivery, environment during birth, hygiene measures and the type 

of infant feeding (reviewed in Chapter 1). 

 

In the present study, sequence analysis of the 15 prominent bands excised from the gels 

revealed that most of them were uncultured Lactobacillus species or uncultured bacteria. Only 

nine were identified as L.  delbrueckii, L. ruminus (two clones), L. casei,  L. versmoldensis, L. 

vitulinus (three clones) and Leuconostoc citreum.  This made it impossible to associate 

particular Lactobacillus species with black and white groups. Recent estimates put 80% of the 

entire microbial population in the human intestine to be unculturable (Suau et al., 1999). 

Moreover, achieving reliable identification of the microbial species is sometimes difficult 

because the sequences from DGGE bands to be compared in the databases are relatively small 

16S rRNA gene fragments which are not always different within the same genus (Ercolini, 

2004). 

There is a possibility that some of the as yet uncultured Lactobacillus or unidentified species 

are good oxalate degraders and that they are more closely associated with the low-risk group. 

The study was, therefore, directed towards quantifying and comparing reported oxalate 

degrading Lactobacillus species and other bacteria from the faecal samples of the low and high 

risk groups (Chapter 4). 
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Chapter 4 

Quantification of oxalate-degrading bacteria in stone-free black and white South African 

population groups by real time PCR 
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4.0 Summary 

Reduced numbers of certain beneficial gastrointestinal bacteria have been correlated with 

specific clinical conditions. Low numbers of intestinal oxalate degrading bacteria have been 

proposed as one of the reason why some sections of the South African population are at risk of 

calcium oxalate stones. This chapter determined the presence and concentrations of O. 

formigenes, L. gasseri and bacteria of the L. acidophilus group in faecal samples of the low and 

high risk population groups using conventional and quantitative real time PCR. Conventional 

PCR detection showed that O. formigenes was present in 70% of the low risk group against 45% 

in high risk group. Furthermore, quantitative real time PCR indicated a 1000-fold more O. 

formigenes in the low risk group as compared to their high risk counterparts, suggesting that the 

inefficient oxalate handling mechanism observed in the latter could be due to low numbers of 

this bacterium. There were no differences in the levels of L. gasseri and the L. acidophilus group 

between the two study groups. The levels of L. gasseri exceeded that of L. acidophilus group, 

although the former is a subset of the latter group, possibly due to differences in the efficiency of 

the primers used. 
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4.1 Introduction 

The study reported in this thesis (Chapter 3) observed that the high-risk group had a relatively 

low diversity of Lactobacillus and related LAB species as compared to the low-risk group. 

However, the actual numbers of these bacteria, especially the oxalate degrading strains, are not 

known. It is possible that there are more of these oxalate-degrading strains in the low-risk group 

as compared to the high-risk group. 

Several methods have been used to enumerate Lactobacillus species in environmental samples. 

They include traditional plating methods, conventional PCR or fluorescent in situ hybridisation 

(FISH). Traditional plating methods have some major drawbacks (reviewed in chapter 1). The 

FISH method commonly uses probes such as S-G-Lab-0158-a-A20 to quantify genus 

Lactobacillus in faecal samples (Harmsen et al., 1999). However, such probes are reported to 

detect other genera such as Enterococcus, Pediococcus, Weissella and Leuconostoc (Walter et 

al., 2001; Heilig et al., 2002; Harmsen et al., 1999). Moreover, the detection limit of the FISH 

technique is reported to be high, making quantification of bacteria found in low numbers in 

faecal samples, such as Lactobacillus species, very difficult. While conventional PCR is 

sensitive for detection of genus Lactobacillus (Walter et al., 2001), it can only be used for 

semiquantitative  purposes due to end point analyses limitations such as the plateau phase 

(Morrison and Gannon, 1994) and diminishing effects of differences in PCR product 

abundance (Mathieu-Daude et al., 1996). Real time PCR is a recently introduced PCR assay 
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based on the continuous monitoring of changes in fluorescence during PCR, and quantification 

occurs during the exponential phase of the amplification (Malinen et al., 2003) thus avoiding 

bias often encountered in the PCR template-to-product ratios (Suzuki and Giovannoni, 1996). 

Quantitative real time PCR is very sensitive and has been used to detect and quantify 

Lactobacillus species in faecal and other environmental samples (Malinen et al., 2003; 

Haarman and Knol, 2006; Martin et al., 2006; Byun et al., 2004; Harrow et al., 2007; 

Konstantinov et al., 2005). 

 

Currently, real time quantitative PCR employs either the Taqman or the SYBR green I assay. 

The Taqman assay involves measuring the fluorescence released during PCR as the 5′-nuclease 

activity of Taq DNA polymerase cleaves a dual-labelled fluorescent hybridisation probe that is 

designed to bind inside the amplified region, during primer extension (Heid et al., 1996).  It is 

specific because the fluorescent signal is derived from a specific probe. The SYBR green, on the 

other hand, is an intercalating dye that gives a fluorescent signal when bound to double-stranded 

DNA, while being otherwise virtually non-fluorescent (Malinen et al., 2003). It binds non-

specifically to all doubled-stranded DNA and may, therefore, reduce the specificity of the PCR 

assay. However, in a comparative study between the two methods, Malinen et al. (2003) showed 

that both SYBR green 1 and Taqman assays were sensitive and specific for the target bacteria. 

SYBR green 1 has been used by other researchers to detect and quantify Lactobacillus species in 

environmental samples (Byun et al., 2004; Harrow et al., 2007; Malinen et al., 2003; Castillo et 

al., 2005). 
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The objectives of this study were (i) to detect and compare the presence of O. formigenes and 

members of the L. acidophilus group in faecal samples of the two study populations using 

conventional PCR technique, and (ii) to quantify and compare the amount of O. formigenes, L. 

gasseri, and the L. acidophilus group in faecal samples of the two study groups using real time 

quantitative PCR. 

 

 

 

4.2 Materials and Methods 

4.2.1 Bacterial strains, plasmids, and growth conditions 

Bacterial strains used in the study include all Lactobacillus species listed in Table 2.1 (Chapter 

2), and O. formigenes. Lactobacillus species were grown in MRS media as described in section 

2.2.2 (Chapter 2). Plasmid pTZ57R/T (Fermentas) was used for cloning purposes in E. coli 

DH5α, with selection on LB agar and ampicillin. 

 

4.2.2 Bacterial primers 

Bacterial primers used in the study are listed in Table 4.1 below. Specificities of the primers 

were evaluated experimentally by PCR using genomic DNA previously isolated from bacterial 

strains mentioned in section 2.2.3.  
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Table 4.1: Bacterial primers used in the study 

Primer name Sequence (5′- 3′) T(ºC)a Source 

L. gasseri oxc    
    

F: TACATGATGGGCCTGATTGG 
R: ATCCGCGGCCTTAGAAAG 

   62 Lewanika et al., 
2006 

 L. acidophilus 16S 
rRNAb  
              

F: AGAGGTAGTAACTGGCCTTTA 
R: GCGGAAACCTCCCAACA                

   55 Malinen et al., 
2003 

O. formigenes oxc F: AATGTAGAGTTGACTGA 
R: TTGATGCTGTTGATACG 

   60 Sidhu et al., 
1999a 

All eubacteria 16S 
rRNA 
 

F: ACTCCTACGGGAAGGCAGCAGT 
R: GTATTACCGCGGCTGCTGGCA 

   56 Nadkarmi et al., 
2002 

a
 Annealing temperature 

b detects L. acidophilus, L. amylovorous, L. amylolyticus, L. crispatus, L. gasseri and L.johnsonii 
 

4.2.3 Cloning  

PCR products of O. formigenes oxc, L. gasseri oxc, and the L. acidophilus group 16S rRNA 

genes were ligated into pTZ57R/T (Fermentas) and transformed into E. coli DH5α. as 

previously described in section 3.2.7. Plasmid DNA was extracted using a Plasmid DNA 

extraction kit (Qiagen). The presence of the insert was determined by colony PCR using O. 

formigenes oxc, L. gasseri oxc and the L. acidophilus group 16S rRNA primers (Table 4.1), 

and confirmed by agarose gel electrophoresis. 

 

4.2.4 Conventional PCR detection of O. formigenes in faecal samples 

PCR amplification of the O. formigenes oxc gene from genomic DNA isolated from faecal 

samples of the two study groups was performed in the GeneAmp PCR System 9700 (Applied 

Systems). A 25 µl reaction consisted of 10x PCR buffer, 1.5 mM MgCl2, Bovine Serum 

Albumen (0.6 µg/µL final concentration), 12.5 pmol of each primer, 200 µM concentration of 
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each deoxynucleoside triphosophate, 0.25 U of Taq DNA polymerase (Superthermo), ca. 360 

ng of genomic DNA and nuclease free sterile water (Fermentas).  

 

The amplification program involved predenaturation at 96°C for 4 min, 30 cycles of 

denaturation at 96°C for 40 sec, various annealing temperature (Table 4.1) for 30 sec, 

extension at 72°C for 40 sec; and a final elongation at 72°C for 5 min. The presence of PCR 

products was determined by agarose gel electrophoresis as previously described in section 

3.2.4. 

 

4.2.5 Quantitative real time PCR 

Quantitative real time PCR was performed in duplicate in a 25 µl reaction volume containing 1 

x SYBR green PCR master mix (Roche), 200 µM of each primer and 1 µl of DNA extracted 

from faecal samples of the two study populations. PCR amplification and detection of DNA 

was performed in a Rotor gene RG-3000A (Corbett) with optical grade 72-well PCR plates and 

caps (Corbett). The reaction conditions were 95° for 10 min, followed by 40 cycles of 95°C for 

10 sec, 55°C for 10 sec and 72°C for 40 sec.  

Purified plasmid DNA containing the insert of the target genes in the range of 40 to 4 x 10-9 ng 

were used as standards for determining the amount of O. formigenes, L. gasseri, the L. 

acidophilus group and eubacteria in the faecal samples. 

 

PCR primers O. formigenes oxc (F and R), L. gasseri oxc (F and R) and L. acidophilus group 

16S rRNA (Table 4.1) were designed to be optimal for real time PCR and amplification of 

sequences detectable within the size range of this system (Lewanika, 2006; Malinen et al., 
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2003; Sidhu et al., 1999a). Quantitative real time analysis was done using the SYBR Green 

PCR Master Mix (Roche) and amplification was done in Rotor Gene RG-3000A as described 

previously. For quantification of O. formigenes, L. gasseri and the L. acidophilus group, 

purified plasmid DNA containing the appropriate size of O. fomigenes and L. gasseri oxc, and 

L. acidophilus group 16S rRNA gene inserts were used as standards in a 10-fold dilution series. 

 

4.2.6 Analysis and normalisation of data 

Melt and quantification analysis was performed using the Rotor-Gene 6.0.41 software 

(Corbett). The means of the duplicate values of each sample and their normalisation were 

calculated using the Microsoft Excel programme. Normalisation was done by dividing the 

average calculated concentration of O. formigenes, L. gasseri, and the L. acidophilus group of 

each sample by the average calculated concentration of eubacterial 16S rRNA genes in that 

sample and expressed as a percentage. Differences of means were tested with paired t test 

(Haarman and Knol, 2006), and the difference was considered statistically significant if p < 

0.05 

 

4.3 Results 

4.3.1 Primer specificity and PCR detection of O. formigenes in faecal samples 

An attempt was made to design a novel primer set to detect and quantify the three oxalate-

degrading Lactobacillus species namely; L. acidophilus, L. gasseri and L. reuteri based on the 

conserved regions of their respective oxc genes. BLAST analysis of the resulting primer 

sequence showed that they were specific to the three Lactobacillus species. However, no PCR 

product was obtained when the primers were tested experimentally on genomic DNA isolated 
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from pure cultures or faecal samples by conventional PCR, despite several optimisation 

attempts (data not shown). The study, therefore, opted to use primers designed in similar 

published studies for detecting and quantifying O. formigenes and Lactobacillus species in 

environmental samples (Table 4.1). Specificities of O. formigenes oxc, L. gasseri oxc and L. 

acidophilus 16S rRNA primers were validated experimentally by conventional PCR using 

genomic DNA extracted from O. formigenes, several Lactobacillus species and other bacterial 

species mentioned in section 4.2.1. With O. formigenes and L. gasseri oxc primers, PCR 

products were only obtained in samples containing genomic DNA of O. formigenes and L. 

gasseri, respectively (Table 4.2). L. acidophilus 16S rRNA group primers were designed to 

detect L. acidophilus, L. gasseri, L. johnsonii, L. amylovorous, L. amylolyticus and L. crispatus 

(Malinen et al., 2003). No PCR product was, however, obtained in a sample containing 

genomic DNA of L. johnsonii NCFB 2241 and only a very weak PCR product was obtained 

with the L. gasseri genomic DNA (Table 4.2). Other Lactobacillus species were not tested.                              
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Table 4.2. Experimental validation of specifity of primers used in the study with genomic DNA 

obtained from several bacterial species 

                                                                       Name of primer (forward and reverse) 

Bacterial strain         O. formigenes oxc     L. gasseri oxc    L. acidophilus 16S rRNA 

Bacteroides fragilis                    -                         -                                - 

Bifidobacterium lactis                -                         -                                - 

Enterococcus faecalis                -                          -                                - 

Escherichia coli                         -                          -                                - 

Lactobacillus gasseri                 -                         +                               +/- 

Lactobacillus reuteri                  -                         -                                - 

Lactobacillus acidophilus          -                         -                                + 

Lactobacillus johnsonii              -                         -                                - 

Lactobacillus casei                    -                          -                                - 

Lactobacillus rhamnosus           -                          -                                - 

Lactobacillus brevi                    -                          -                                - 

Clostridium perfringens             -                          -                                - 

Pediococcus acidilactis              -                          -                                - 

Oxalobacter formigenes            +                          -                                - 
 (-), no PCR product obtained. 
 (+), PCR product obtained. 
 (+/-), very weak PCR product 

 

O. formigenes oxc primers (Table 4.1) were used to detect the presence of O. formigenes in 

faecal DNA samples of the two study populations by conventional PCR.  The PCR was 

successful and the expected 416 bp product size was obtained. Figure 4.1 is an example of such 

a result. The bacterium was detected in 70% of faecal DNA samples from black test subjects 

and only 45% of samples from white subjects, suggesting that O. formigenes could play a part 

in the efficient oxalate handling mechanism reported in the black South African population. 
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Non-specific PCR products were obtained in some black subjects, for example B14, lane 8. 

This may suggest the primers were not specific to O. formigenes alone but also to other 

bacterial strains in faecal samples of these individuals which harboured oxc genes related to 

that of O. formigenes. 

                                    

                                     

Figure 4.1: Agarose gel electrophoresis of PCR products obtained by amplification of the O. 

formigenes oxc gene. Lanes M, DNA marker (Fermentas); C, no DNA; 1, B7; 2, B8; 3, B9; 4, 

B10; 5, B11; 6, B12; 7, B13; 8, B14; 9, B16; 10, B15. 

 

Interestingly, no PCR product was obtained using O. formigenes oxc primers in certain samples 

whose MRS bacterial pool degraded oxalate well as determined in the culture-based study 

reported in Chapter 5. An example of this is B7 (Figure 4.1, lane 1). However, PCR detection of 

the 16S rRNA gene with Lactobacillus group primers showed the presence of lactobacilli in all 

these samples (Chapter 3). This suggests that the generalist oxalotrophic lactobacilli could play a 

role in efficient oxalate handling mechanism in such individuals.  

 

M C 1 2 3 4 5 6 7 8 9 10

416 bp 
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4.3.2 Specificity and detection limits of real time PCR 

To determine the specificity and detection limit of real time PCR, 10-fold serial dilutions of 

purified plasmid DNA containing the cloned target genes of O. formigenes oxc, L. gassseri oxc 

and L. acidophilus group were made. Amplification reactions were performed with a range of 

purified plasmid DNA concentrations from 47 to 4.7 x 10-10 ng/µl for O. formigenes, 35 to 3.5 x 

10-11 ng/µl for L. gasseri, and 31.5 to 3.15 x 10-11 for the L. acidophilus group. The melting 

curve analysis showed single melting peaks corresponding to the melting temperatures of the O. 

formigenes oxc, L. gasseri oxc and L. acidophilus 16S rRNA gene PCR products (Figure 4.2). 

This indicates that the primers were specific for the target gene sequence and no other sequences 

in the faecal samples were interfering. Standard curves for O. formigenes oxc, L. gasseri oxc and 

the L. acidophilus group had correlation coefficient (R2) values of 0.984, 0.976 and 0.979 

respectively.  The O. formigenes oxc and L. gasseri oxc, and L. acidophilus 16S rRNA 

sequences were detected at concentrations as low as 4.7 x 10-6 ng/µl, 3.5 x 10-11 ng/µl and 3.15 x 

10-9 ng/µl respectively. 

 

Figure 4.2: Melting curve analysis showing a single melting peak corresponding to melting 

temperature of O. formigenes oxc gene PCR product. 
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4.3.3 Quantitative real time PCR of O. formigenes, L. gasseri, and L. acidophilus group 

members in faecal DNA samples 

Real time PCR analyses were performed to detect and quantify the amount of O. formigenes, L. 

gasseri and L. acidophilus group in faecal samples of the two study populations using O. 

formigenes oxc (F and R), L. gasseri oxc (F and R) and L. acidophilus group 16S rRNA (F and 

R) primers (Table 4.1) and the results are presented in Table 4.3. O. formigenes, L. gasseri, and 

the L. acidophilus group members were detected in all faecal DNA samples of the two study 

populations. The average concentration of O. formigenes in faecal samples from the black test 

subjects was 1000-fold more (1.45 x 10-6 ng/µl) than those in white test subjects (4.34 x 10-9 

ng/µl). The results were statistically significant, p = 0.014.  

 

Table 4.3: Real time PCR quantification of oxalate-degrading bacteria in faecal samples of the 

black and white South African study groups. 

 

                                               Average concentration (ng/µl) in faecal samples 

Bacteria                          Black subjects           White subjects             significance 

O. formigenes (oxc)               1.45 x 10-6                     4.34 x 10-9                 p = 0.014 

L. gasseri (oxc)                      1.0 x 10-6                      2.5 x 10-6                    p = 0.87                    

L. acidophilus group (16S)    1.08 x 10-10                   1.3 x 10-10                   p = 0.42   

B. lactis (16S)*                      2.8 x 10-6                      3.1 x 10-7                     p = 0.41 

* results obtained from similar study on Bifidobacterium lactis by Brian Kullin (personal communication) 

There was no significant difference in the amounts of L. gasseri (p = 0.42) and the L. 

acidophilus group members (p = 0.87) in the faecal samples of the two test groups. The black 
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test subjects had 1.0 x 10-6 ng/µl of L. gasseri while their white counterparts had 2.5 x 10-6 ng/µl 

(Table 4.3). The L. acidophilus group 16S rRNA primers were used to detect and quantify  L. 

acidophilus, L. gasseri, L. johnsonii, L. amylovorous, L. amylolyticus and L. crispatus (Malinen 

et al., 2003). However, as previously mentioned, when these primers were tested against type 

strains, they did not detect L. johnsonii as reported. Interestingly, the amount of L. gasseri as 

measured using the oxc gene exceeded that of the L. acidophilus group members measured using 

the 16S rRNA as a target although the former is a member of the latter group (Table 4.3). These 

findings are discussed below.                                     

 

4.4 Discussion and conclusions 

This study was undertaken in order to quantify and compare the amount of oxalate-degrading 

Lactobacillus species as well as that of O. formigenes in the faecal samples of the two study 

populations using real time PCR. Detection and quantification of oxalate degrading bacteria in 

environmental samples has been performed using primers designed from the oxc gene of O. 

formigenes (Sidhu et al., 1998, Sidhu et al., 1997b; Kumar et al, 2002) or the 16S rRNA genes 

of the L. acidophilus group bacteria (Lewanika, 2006). Concerns have been raised over the use 

of the 16S rRNA gene in real time quantitative PCR because the variations in its copy number, 

seen in various bacteria, may influence the quantification of bacteria in a sample (Matsuki et al., 

2004). However, in a study analysing human intestinal bifidobacteria using the genus specific 

primers to the Bifidobacterium 16S rRNA gene, Matsuki et al. (2004) observed that the cell 

counts determined by the quantitative PCR method were almost similar to those determined by 

the DAPI counting method, suggesting that the sensitivity of measurement by the two methods 

may not vary much depending on the species.  
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There have been different ways in which data from quantitative real PCR has been presented. 

Some researchers express the numbers of the bacteria as copies of the genome (Byun et al., 

2004) or cells per gram of faeces (Haarman and Knol, 2006). This is done by assuming that the 

genome size and 16S rRNA gene, or any other target gene, copy number for all lactobacilli is 

similar. The average genome size for lactobacilli found, for example in the oral cavity of 

humans, is estimated to be 2.2Mb, so each each cell contains approximately 2.4 fg of DNA 

(Klaenhammer et al., 2002 cited in Byun et al., 2004). These approaches were not employed in 

the present study as they require plating serial dilutions of the known number of bacterial cells 

and using the DNA to make standard curves. 

 

Using conventional PCR, the present study detected O. formigenes in 70% of faecal DNA 

samples from the black test subjects as compared to 45% in white subjects. The 70% incidence 

of O. formigenes in the black test subjects is comparable to figures reported for other low-risk 

populations in other parts of the world (Kumar et al., 2002; Sidhu et al., 1997b; Kleinschmidt et 

al., 1993; Goldkin et al., 1986). The more sensitive real time PCR technique detected O. 

formigenes in all faecal samples of the two study populations. There were, however, a 1000-fold 

more O. formigenes in the black test group (1.45 x 10-6 ng/µl) than those in the white test group 

(4.34 x 10-9 ng/µl). This is a first study to show a significant difference in levels of O. 

formigenes between the two study populations. The reasons why this is the case are not known. 

However, black South Africans are reported to consume food rich in oxalate (Whalley et al., 

1998; Lewandowski, 2003), and perhaps this provides the obligately oxalotrophic O. formigenes 

with a suitable environment to maintain its high numbers. The result suggests that O. formigenes 
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could play a role in the efficient oxalate-handling mechanism observed in the black South 

African population. 

 

Real time PCR detected the presence of L. gasseri and the L. acidophilus group in 100% of 

samples of both study groups. Members of this group, especially L. gasseri and L. acidophilus 

are reported to be common in human faecal samples (Reuter, 2001) and as such their presence in 

all faecal samples was expected. In addition, there was no significant difference in the amount of 

the L. acidophilus group or L. gasseri between the two study populations. A discrepancy was, 

however, observed in the results as it showed L. gasseri levels (1.0 x 10-6 ng/µl) exceeding that 

of L. acidophilus group (1.08 x 10-10 ng/µl), although the former is reported to be a subset of the 

latter group. Such a discrepancy was also observed in real time PCR enumeration of lactobacilli 

in a continuous culture fermentor (Lewanika et al., 2006). The primer set used to detect and 

quantify the L. acidophilus group in faecal samples was designed based on the 16S rRNA gene 

but could not detect L. johnsonii and L. gasseri as intended, while that of the L. gasseri was 

designed from the oxc gene. The discrepancy could be a result of differences in primer efficiency 

in the respective PCR amplifications (Lewanika, 2006). 

 

As previously mentioned, B. lactis has been shown to degrade oxalate. Real time quantitative 

PCR was done on the same samples by Brian Kullin using B. lactis 16S rRNA specific primers, 

and showed the presence of the bacterium in all samples of the two study groups. Furthermore, 

there were 10-fold more B. lactis in the black test subjects (2.8 x 10-6 ng/µl) as compared to the 

white test subjects (3.1 x 10-7 ng/µl). The difference was, however, not statistically significant, p 

= 0.41. The result suggests that bifidobacteria alone cannot be responsible for the observed 
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differences in oxalate handling efficiencies between the two study groups. Further quantification, 

however, should be performed using the B. lactis oxc gene due to problems associated with the 

16S rRNA gene used in the study (B. Kullin, personal communication).                                 

 

In conclusion, the study was aimed at detecting, quantifying and comparing oxalate-degrading 

O. formigenes, L. gasseri and the L. acidophilus group between black and white South African 

population groups.  The level of O. formigenes was found to be 1000-fold more in black test 

subjects (1.45 x 10-6 ng/µl) than in their white counterparts (4.34 x 10-9 ng/µl), which is 

significantly different. However, there was some evidence of non-specific bands in some of the 

samples. The numbers of B. lactis was also 10-fold more in the black study group as compared 

to those in their white counterparts. There were no differences in levels of L. gasseri or L. 

acidophilus group between the two study groups. There were, however, problems with primer 

specificity and efficiency. The L. acidophilus group 16S rRNA gene primers were not efficient 

as they could not detect L. johnsonii and L. gasseri as intended. Therefore, definite conclusions 

on quantification of these bacteria cannot be made. The study, therefore, was expanded to 

oxalate enrichment of lactic acid bacteria from the faecal samples of the two study groups to 

investigate whether they could degrade oxalate efficiently. 
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Chapter 5. 

 

Oxalate utilisation capacities of culturable Lactobacillus spp in stone-free Black and White 

male South Africans, and identification of novel oxalate-utilisiling strains 
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5.0 Summary 

The high level of colonic oxalate degrading bacteria is thought to be one of the reasons why the 

South African black population rarely forms calcium oxalate stones as compared to their white 

counterparts. Scavenging of intestinal oxalate by these bacteria would prevent its absorption into 

the bowel and subsequent excretion in urine, thereby reducing the risk of calcium oxalate stones. 

Oxalate degradation capacities and biodiversity of culturable Lactobacillus species isolated from 

faecal samples of the two study populations were determined and good oxalate degrading strains 

identified. All samples degraded oxalate to some extent. Culturable Lactobacillus species from 

the low-risk group, however, had higher oxalate degradation capacities (49 ± 27%) as compared 

to those from the high-risk group (32 ± 20%). The low risk group had a low Shannon-Wiener 

diversity index value for culturable Lactobacillus species H (1.9) relative to the high risk group 

H (2.8), suggesting that efficient oxalate degradation observed in the black test subjects is a 

qualitative rather than quantitative factor. Five putative Lactobacillus strains isolated from faecal 

samples of black test subjects degraded oxalate well and, based on the 16S rRNA gene, they 

were identified as L. gasseri (two strains), L. acidophilus, L. frumenti, and L. reuteri.  
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5.1 Introduction 

The majority of the South African Black population is reported to have a higher consumption of 

oxalate than their white counterparts (Whalley et al., 1998; Lewandowski, 2003). Dietary 

oxalate is thought to contribute up to 50% of urinary oxalate excretion (Holmes et al., 2001) and 

to induce pathological conditions such as hyperoxaluria and urolithiasis (Scott et al., 1977). 

Despite their dietary behaviour and the risks involved, the South African black population 

seldom forms kidney stones as compared to the white population (Whalley et al., 1998). It is not 

yet understood why this disparity exists between the two populations but it is thought to be 

multifactorial. It has been hypothesized that this population group, among other things, may 

harbour more colonic oxalate degrading bacteria that help in intestinal oxalate homeostasis 

thereby preventing its absorption and excretion into urine (Lewandowski, 2003). Lactobacillus 

species are among such bacteria. In a pilot study involving 20 healthy South Africans (10 White, 

10 Black), Lewandowski (2003) observed significantly higher counts of culturable Lactobacillus 

species in black test subjects as compared to their white counterparts. 

 

 In the current study reported in this thesis, PCR-DGGE analysis of faecal DNA samples from 

the two populations indicated that black subjects had a relatively higher diversity of 

Lactobacillus and related LAB species than their white counterparts, and that Lactobacillus 

species in the former were generally different from those in the latter as determined by the 

DGGE cluster analysis (Chapter 3). Quantitative real time PCR, however, was not able to show 

significant differences in the numbers of specific Lactobacillus species in the two groups 

(Chapter 4). The possibility, therefore, exists that differences may lie in the oxalate degrading 

capacities of the resident Lactobacillus species, and not in their numerical predominance. This 
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prompted the determination and comparison of oxalate-degrading capacities of culturable 

Lactobacillus species from the two study groups with the aim of identifying individuals 

harbouring good oxalate degrading strains for possible probiotic management of calcium oxalate 

stones. 

 

Several Lactobacillus strains, most of which belong to L. acidophilus and L. gasseri species, 

have been shown to degrade oxalate in vitro (reviewed in chapter 1).  As mentioned previously, 

two genes homologous to formyl-CoA transferase (frc) and oxalyl-CoA decarboxylase (oxc) 

genes of O. formigenes are reported to  be involved in oxalate catabolism in these bacteria 

(Turroni et al., 2007; Azcarate-Peril et al., 2006; Lewanika et al., 2006). While the functionality 

of these genes have recently been demonstrated (Turroni et al., 2007; Lewanika et al., 2006), 

their regulation is still not yet fully explained. Emerging evidence, however, suggests that the 

two genes are regulated as an operon (Lewanika et al., 2006). Reports also suggest that pH of the 

growth media plays a role in the expression of the two genes. Using RT-QPCR and micro array, 

Azcarate-Peril et al. (2006) observed that, at pH above 5.8, oxalate did not directly induce the 

expression of the two genes. The expression, however, increased after pre-adaptation of the 

bacterial cells to oxalate through repeated transfers in broth containing non-inhibitory 

concentrations of ammonium oxalate and exposure to pH 5.5. RNA hybridization studies have 

also confirmed that the oxc gene is induced by oxalate under mild acidic conditions (Lewanika et 

al., 2006). 

 

Since its discovery, O formigenes has been the focus of research in the probiotic management of 

calcium oxalate stones (reviewed in chapter one). However, this bacterium cannot survive in a 
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medium depleted of oxalate because of its sole dependence on the substrate for energy (Allison 

et al., 1985). This might limit its use as a probiotic. Lactobacillus species, as previously 

mentioned, are regarded as ‘generalist’ oxalotrophs as oxalate is not their primary source of 

energy (Sahin, 2003). They have been shown to degrade oxalate in MRS media that has been 

optimized for their growth (Turroni et al., 2007; Azcarate-Peril et al., 2006; Lewanika et al., 

2006; Weese et al., 2004). There have, however, been contrasting reports on the preferential use 

of oxalate in the presence of other energy sources. Some studies have reported high oxalate 

utilization activities from 18-24 hours after incubation (Azcarate-Peril et al., 2006; Weese et al., 

2004) indicating that the bacteria degrade oxalate in the presence of other substrates. Other 

researchers have observed maximum oxalate activities after 5-7 days of incubation (Lewanika et 

al., 2006; Turroni et al., 2007) indicating that oxalate became a choice when other substrates 

were depleted.  

  

Several methods have been developed to determine oxalate content in a sample.  They include 

enzymatic, chromatography and chromotropic acid, among others (Hesse et al., 1996). Two 

enzymatic assays are commonly used and they involve oxalate oxidase (Sigma, Germany) and 

oxalate decarboxylase (Boehringer, Mannheim, Germany). Most researchers have used an 

oxalate oxidase assay to determine oxalate utilization capacities of bacteria (Turroni et al., 2007; 

Azcarate-Peril et al., 2006; Federici et al., 2004; Weese et al., 2004; Lewanika et al., 2006). It is 

reported to be reliable, simple, rapid and specific for oxalate (Crider and Curran, 1984 cited in 

Parkinson et al., 1987).  
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5.2 Objectives 

The objectives of this study were (i) to determine and compare the oxalate-utilisation capacities 

of culturable Lactobacillus species isolated from the faecal material of non-stone forming black 

and white test subjects, (ii) to determine and compare the PCR-DGGE profiles of culturable 

Lactobacillus species with those uncultured species obtained from direct DGGE analysis of 

faecal microbiota, and (iii) to isolate and identify novel, good oxalate degrading Lactobacillus 

spp from faecal samples for possible probiotic management of calcium oxalate stones. 

 

5.3 Materials and Methods 

5.3.1 Bacterial strains, plasmids and growth conditions 

Bacterial strains and plasmids used in this chapter include all Lactobacillus and Bifidobacterium 

strains listed in Table 2.1 (Chapter 2). Growth conditions used were the same as those described 

previously in section 2.2.2. 

 

For the generation of pools of viable LAB bacteria from the guts of individual subjects, 100 mg 

of each of the freshly collected faecal samples (section 3.3.1, chapter 3) was suspended in 1 ml 

of anaerobic saline diluent and vortexed until it was completely homogenised. Thereafter, the 

suspension was serially diluted with the same diluent in 10-fold stages. A sample (100 µl) of 

each dilution was then plated in triplicate on MRS selective media (Biolab), and incubated at   

37 ºC in an anaerobe chamber (Forma Scientific) for two days. Plates with approximately 100 

colonies were used to generate standardised MRS bacterial pools. Colonies on the plates were 

resuspended in 1 ml anaerobic MRS broth containing 30% glycerol, scraped off with a sterile 

glass spreader and stored at -70ºC in 100 µl aliquots. 
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5.3.2 Determination of oxalate utilisation capacities   

5.3.2.1 Growth conditions and oxalate induction 

Bacteria from the MRS bacterial pools were grown in MRS media containing oxalate as 

described by Azcarate-Peril et al. (2006) with some modifications. Briefly, 50 µl of the MRS 

bacterial pools were inoculated into 5 ml of MRS broth supplemented with 3 mM sodium 

oxalate (MRS-OX, pH 6.8) and incubated anaerobically at 37ºC for two days. One hundred 

(100) µl of the culture was transferred to fresh broth with the same composition and incubated 

anaerobically at 37ºC for another two days. Thereafter, the tubes were centrifuged and the cell 

pellets used to prepare a 0.54 OD600 suspension in phosphate-buffered saline [(PBS), pH 7.2] 

(Weese et al., 2004). An aliquot (100 µl) of the suspension was inoculated into 8 ml of MRS 

broth supplemented with 5 mM of sodium oxalate, and incubated anaerobically at 37ºC for five 

days. The culture (1 ml) was aliquoted into a sterile eppendorf tube at days two and five, 

centrifuged, and the aqueous phase kept frozen at -20ºC for the oxalate utilisation assay. 

Uninoculated MRS-OX was used as the experimental control. 

 

5.3.2.2 Oxalate utilisation assay 

The residual oxalate concentration in the MRS-OX culture was measured using an oxalate 

enzymatic assay kit (Trinity Biotech, Ireland) following the manufacturer’s instructions with  the 

addition of activated charcoal to eliminate phenolic compounds (Federici et al., 2004). The 

experiment was performed in biological triplicates and the assay done in duplicate. The results 

were expressed as percentages of oxalate used by the respective MRS bacterial pools. Statistical 

comparison of mean oxalate reduction by samples from Black and White individuals was 

performed using the student t-test. 
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5.3.3 Genomic DNA extraction from MRS bacterial pools 

Genomic DNA was extracted from MRS bacterial pools before and after oxalate induction using 

the Genomic DNA Purification Kit (Fermentas) with certain modifications. Briefly, cell pellets 

were resuspended in 200 µl of lysis buffer [20 mM TrisCl (pH 8), 2 mM EDTA, 1.2% Triton X-

100 and 20 mg/µl lysozyme] and incubated in a water bath for 1 hr at 37ºC.  Proteinase K was 

then added, and the mixture incubated again at 37ºC for 30 minutes. The rest of the procedure 

was carried out following the manufacturer’s instructions. The presence and concentration of 

DNA was determined using Nanodrop spectrophotometer (Nanodrop Technologies). 

 

5.3.4 Determination of microbial diversity profiles of culturable LAB in the MRS pools by 

PCR-DGGE 

Diversity profiles of culturable lactic acid bacteria from the two study groups were determined 

by PCR-DGGE. The V3 region of the LAB 16S rRNA genes was first amplified by PCR from 

genomic DNA extracted from MRS bacterial pools of the two study groups using LAB specific 

primers Univ-341-f and Lab-0677-r (Table 5.1) as previously described in section 3.2.4. PCR 

products were subjected to DGGE as described in section 3.2.5. The analysis of DGGE banding 

patterns was carried out using Quantity-1 gel analysis software programme (Biorad, CA) as 

described in section 3.2.9. The Shannon-Wiener indices of diversity, H, in the two study groups 

were calculated using the formula provided in section 3.2.9.2. 
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Table 5.1. Primers used in the study 

 

Name of primers            Sequence (5′-3′)                      T(ºC)a           Reference 
Bif 164-f  
Bif 662-r                   

GGGTGGTAATGCCGGATG 
CCACCGTTACACCGGGAA 

   66 Kok et al., 1996       

16-1A                    
23-1B                    

GAATCGCTAGTAATCG 
GGGTTCCCCCATTCGGA 

   55 Timisjarvi and 
Alatossava. 1997   

LGOxc-f               
LGOxc-r               

TACATGATGGGCCTGATTGG 
ATCCGCGGCCTTAGAAAG 

   51 Lewanika et al., 
2006 

Univ-341-f       
Lab-0667-r               

CCT ACG GGA GGC AGC AG 
CAC CGC TAC ACA TGG AG          

   55 Muyzer et al., 1993 
Heilig et al., 2002 

 a Annealing temperature 

 

5.3.5 Comparison of DGGE profiles of MRS bacterial pools and faecal microbiota. 

PCR-DGGE profiles generated from amplification of 16S rRNA gene of genomic DNA 

extracted from MRS bacterial pools (section 5.3.3) and faecal samples (section 3.2.2) were 

compared by aligning the gel lanes of the selected samples to the Lactobacillus standards. The 

effect of growth in the presence of oxalate on the microbial diversity was also examined. The 

16S rRNA PCR products amplified from genomic DNA isolated from MRS bacterial pools 

before and after oxalate induction were subjected to DGGE as described previously in section 

5.3.3 and compared as well.   

 

5.3.6 Isolation of culturable oxalate-degrading Lactobacillus spp from faecal material 

Oxalate degradation capacities were used to identify study individuals harbouring effective 

oxalate-degrading putative Lactobacillus species. Between 180-200 mg of frozen faecal sample 

from these candidates was inoculated into 10 ml of MRS broth [(Biolab), pH 6.8] 

supplemented with 3 mmol/l sodium oxalate. After vortexing, the mixture was incubated 

anaerobically at 37ºC for two days. One hundred microlitres of the mixture was transferred into 
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10 ml of MRS broth supplemented with 3 mmol/l sodium oxalate for two consecutive 

subcultures as described by Azcarate-Peril et al., (2006) and incubated anaerobically at 37ºC 

for two days. The culture was then serially diluted in 10-fold stages in MRS broth, 100 µl 

aliquots of each dilution were plated on MRS agar plates and incubated anaerobically at 37ºC 

for three days. Ten colonies were randomly selected from plates with approximately 100 

colonies,  plated in pure culture on MRS agar plates and incubated anaerobically at 37ºC for 

two days. The oxalate-degrading capacities of the individual putative Lactobacillus isolates 

were determined as previously described (section 5.3.2). 

 

5.3.7 Identification of putative Lactobacillus isolates 

Colony PCR was performed to identify the putative Lactobacillus isolates. A single colony 

from the pure culture growing on MRS agar plates was selected and resuspended in 15 µl of 

sterile water. Four microlitres of the cell suspension was then used as DNA template in the 

PCR using primers 16-1A and 23-1 B (Table 5.1) which target the intergenic spacer (ITS) 

region between the 16S and 23S of rRNA genes of Lactobacillus spp. The smallest of the three 

DNA fragments generated after agarose gel electrophoresis of the PCR products were excised 

from the gel, purified and sequenced. The bacterial isolates were also subjected to API 

identification (Biomerieux) according to the manufacturer’s instructions. 

 

5.3.8 Nucleotide sequencing and analysis 

DNA fragments were excised from agarose and DGGE gels as described in section 3.2.6. PCR 

amplification of the DNA, cloning, sequence and analysis were performed as previously 

described in sections 3.2.3, 3.2.7 and 3.2.8 respectively.  
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5.3.9 PCR detection of oxc genes in putative Lactobacillus isolates 

PCR detection of oxc genes in putative Lactobacillus isolates was performed using LGOxc-f and 

LGOxc-r primers (Table 5.1) and conditions as described in section 3.2.4. 

 

5.3.10 PCR detection of bifidobacteria in MRS bacterial pools 

The presence of bifidobacteria in MRS bacterial pools was determined by PCR amplification of 

the 16S rRNA genes using bifidobacterial specific primers Bif 164-f and Bif 662-r (Table 5.1) as 

previously described in section 3.2.4, using 66ºC as the annealing temperature. 

 

5.4 Results 

5.4.1 Oxalate utilisation capacities of MRS bacterial pools. 

The oxalate utilisation capacities of MRS bacterial pools generated from faecal samples of black 

and white male test subjects were determined by growing the bacteria in MRS broth 

supplemented with sodium oxalate. Isolates were transferred twice (consecutively) into broth 

containing 3 mM sodium oxalate to ensure elevated expression of the oxalate genes, oxc and frc 

before cells were grown in broth containing high oxalate concentration (Azcarate-Peril et al., 

2006). Residual oxalate in the culture broths was measured after two and five days of incubation 

using the oxalate enzymatic assay. The assay is based on the oxidation of oxalate by oxalate 

oxidase to form carbon dioxide and hydrogen peroxide. Hydrogen peroxide, 3-methyl-2-

benzothiozolinone and 3-(dimethylamino) benzoic acid yield an indamine dye in the presence of 

peroxidase, which has a maximum absorbance at 590 nm. Table 5.2 shows the oxalate utilisation 

capacities of MRS bacterial pools from the two groups of test subjects expressed as percentages.  
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Table 5.2: Oxalate utilisation capacities of MRS bacterial pools after two and five days of 

incubation, expressed in percentages. 

 

                          Oxalate utilisation (%)a                                     Oxalate utilisation (%) 

Subject            Day 2            Day 5                     Subject             Day 2                Day 5 

W6                10.4 ± 3.0        16.0 ± 2.0                 B7                  22.0 ± 2.0        100.0 ± 0 

W7                25.5 ± 4.5        28.0 ± 1.0                 B8                  11.0 ± 1.0          46.0 ± 3.0 

W8                  8.0 ± 4.0        97.5 ± 0.5                 B9                  64.0 ± 0             75.0 ± 1.0 

W9                15.5 ± 1.5        17.0 ± 2.0                 B10                31.5 ±0.5           38.0 ± 1.0 

W10              32.5 ± 1.5        40.0 ± 1.0                 B11                12.5 ± 0.5          29.5 ± 0.5 

W11              28.5 ± 0.5        32.5 ± 0.5                 B12                20.5 ± 0.5          24.5 ± 0.5 

W12              46.0 ± 6.0        26.0 ± 9.0                 B13                24.0 ± 0             41.0 ± 1.0 

W13              32.0 ± 0.5        32.5 ± 3.5                 B14                19.5 ± 0.5          15.5 ± 0.5 

W14              12.0 ± 4.0        22.0 ± 1.0                 B16                43.0 ± 2.0          84.5 ± 1.5    

W15              16.0 ± 1.0        35.5 ± 13.5               B17                66.5 ± 1.5          98.0 ± 0.5 

W16              24.5 ± 1.5        23.0 ± 7.0                 B18                22.0 ± 5.0          28.0 ± 3.0 

W17              10.0 ± 3.0        41.0 ± 1.0                 B19                26.5 ± 0.5          51.5 ± 1.5  

W18              15.5 ± 0.5        19.5 ± 0.5                 B20                25.0 ± 2.5          39.0 ± 10.0 

W20              22.5 ± 0.5        37.5 ± 1.0                 B22                36.0 ± 1.5          36.0 ± 1.0  

W21                8.9 ± 1.0        14.0 ± 3.0                 B23                39.0 ± 6.5          29.5 ± 0.5   

Total W group                          32 ± 20                 Total B group                             49 ± 27 
 
W, white samples; B, black samples     
a  Results represents mean   ±  SD     

                                                                                        

                                                                         

There was a considerable difference in the oxalate utilisation capacities between individual 

subjects in either group ranging from 15 to 100%. Except for a few samples (W8, B7 and B8), 

most of the oxalate was utilised during the first two days of incubation, indicating that the 

bacteria utilised the substrate even when other energy sources were present. Samples from Black 

individuals reduced oxalate by 49 ± 27% (mean ± S.D.; range: 15-100%, median: 39%). Lower 
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figures were observed in samples from White subjects in which the mean oxalate reduction was 

32 ± 20% (range: 14-97.5%, median: 28%). However, the difference between the mean oxalate 

utilisation capacities of the two groups was not statistically significant (p = 0.0512). 

Nevertheless, MRS bacterial pools from 46% of the samples from Black individuals utilised the 

substrate above 40% compared to only 15% of their white counterparts at the similar level, 

indicating that more black subjects utilised oxalate better than was seen in the white group. In 

addition, MRS bacterial pools from four black subjects (B7, B9, B16, B17) had oxalate-

utilisation capacities above 75% with the highest recorded being 100% (B7), whereas only one 

from the white subjects (W8) had its capacity falling within that range. A minimal reduction in 

oxalate levels (2%) was observed in uninoculated control MRS-OX broth under the same 

conditions. 

 
 
5.4.2 PCR-DGGE diversity profiles of putative culturable Lactobacillus spp. 
 
Diversity profiles of the putative culturable Lactobacillus species in MRS bacterial pools 

generated from faecal samples of the two study populations were determined by PCR and 

DGGE. The V3 region of 16S rRNA gene of all Lactobacillus species from MRS bacterial pools 

were first amplified with primers Univ-341-f and Lab-0667-r that generated an expected 300 bp 

product in all samples (data not shown). These products were then used as the DNA template in 

a second round PCR with primers Univ-341-GC and Univ-515-r (Table 5.1) to generate 357 bp 

products suitable for DGGE. A representative group of these products is shown in Figure 5.1. 
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                                       λ  C   1  2   3   4  5   6   7   8  9   10 
 

Figure 5.1: Agarose gel electrophoresis of PCR products obtained from the amplification of the V3 region 

of 16S rRNA gene of total genomic DNA extracted from MRS bacterial pools using primers Univ-341-

GC and Lab-0667-r. Lanes: λ, lambda DNA digested with PstI; C, water control; 1, W15; 2, W17; 3, 

W19; 4, W20; 5, W11; 6, B11; 7, B13; 8, B16; 9, B17; 10, B18. 

 

As illustrated in Figure 5.2, there were differences and similarities in DGGE banding patterns 

that occurred among individual subjects and between the two study groups. Certain samples (e.g. 

B11 and B9) which degraded oxalate well, showed no major PCR products, indicating that 

bacteria other than Lactobacillus spp could have grown on the MRS media and that these were 

contributing to the degradation of oxalate (This question was further examined in section 5.4.8). 

           
 M    1     2      3     4    5     6    7     8      9   10             M   11  12   13   14  15  16   17  18  19   20 
                 Whites                         Blacks                                       Whites                      Blacks 
 
Figure 5.2 (A and B): DGGE analysis of 16S rRNA gene products of Lactobacillus species amplified 

with primers Univ-341-f and Lab-0677-r from genomic DNA extracted from MRS bacterial pools. A: 

lane M, Lactobacillus identification ladder in descending order, L. casei, L. johnsonii, L. gasseri, L. 

brevis; 1, W15; 2, W17; 3, W19; 4, W20; 5, W11; 6, B11; 7, B13; 8, B16; 9, B17; 10, B18; 11, W6; 12, 

W9; 13, W12; 14, W13; 15, W14; 16, B1; 17, B7; 18, B8; 19, B9; 20, B10. 

357 bp 

A A A B
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The Shannon-Wiener diversity index, H, showed that the black test subjects had a lower value of 

H (1.9) as compared to their white counterparts H (2.8). The result was not statistically 

significant (p = 0.053). It indicated that the diversity of culturable Lactobacillus species was 

relatively lower in the low risk than in the high risk group   

 

5.4.4 Comparison of DGGE profiles of Lactobacillus species from MRS bacterial pools and 

faecal microbiota.  

DGGE profiles of Lactobacillus species obtained from amplification of 16S rRNA gene of 

genomic DNA extracted from MRS bacterial pools were compared with those obtained directly 

from faecal material of the sample population in order to determine whether differences in 

Lactobacillus profiles could be seen after culturing on MRS media (Figure 5.3). The Shannon-

Wiener diversity index, H, was lower in MRS bacterial pools as compared to that of faecal 

microbiota (section 5.4.2), indicating that a higher degree of  diversity of Lactobacillus species 

existed in the faecal samples, and that culturing on MRS limited the diversity to fewer species.                     

                                      
                              M        1        2         3        4      5       6       7        8       9      10 

                                           W8               B8          B16           B17          B19 

Figure 5.3: Comparison of DGGE profiles of Lactobacillus species from MRS bacterial pools and faecal 
microbiota of individuals in the sample population. DGGE analysis of amplicons generated by PCR 
amplification of V3 region of rRNA genes with primers Univ-341-GC and Lab-0667-r. Lane M: 
standards. Odd numbered lanes: MRS pools. Even numbered lanes: faecal DNA. 

       L. casei 
L. johnsonii 

       L. gasseri 

     L. brevis 

L. reuteri 
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The lanes of Figure 5.3 come from different gels but the same set of Lactobacillus markers was 

used throughout so the samples could be aligned against them and each other. The result 

demonstrates differences in migration patterns of Lactobacillus species from MRS bacterial 

pools and faecal microbiota.  In all individuals migratory positions of prominent bands 

originating from the MRS bacterial pools were different from the faecal microbiota from which 

they were derived. This confirms that the culturability of some Lactobacillus species cannot be 

extrapolated back to numerical dominance in the faecal microbiota. However, it is interesting 

that far fewer of the species seen in black faecal samples could be cultured on MRS media as 

compared to white faecal samples (Table 5.3). This indicates that this population may be 

comprised of bacterial strains which have not yet been identified as seen in Chapter 3, Table 3.3, 

in which the majority of clones were uncultured strains. 

 

Table 5.3: Comparison of the Shannon-Wiener diversity indices of the culturable MRS bacterial 

pools and faecal microbiota of the two study populations. 

 

                                                            Shannon-Wiener index (H) 

Sample origin                               White                                Black  

Faecal bacterial DNA                      3.7                                     5.6 

MRS bacterial DNA                        2.8                                     1.9 

 

 

5.4.5 Effect of oxalate induction on diversity of culturable Lactobacillus species 

To determine whether oxalate induction gave a selective advantage to the growth of some 

Lactobacillus species, DGGE profiles of Lactobacillus species in the MRS pools before and 

after oxalate induction, were compared (Figure 5.4). Two new DNA bands (k and d) were 
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detected after induction that were absent before induction, suggesting that the presence of 

oxalate in the media allowed the greater proliferation of certain Lactobacillus species.   

                                                                                                                

                                                   a    b    c      d     e    f        g     j 

                        k            
                                     M    1     2     3      4     5     6      7      8 

                                               B8          B16       B17          B19 

 

Figure 5.4: DGGE analysis of 16S rRNA gene PCR products generated with primers Univ-341-f and 

Lab-0677-r from genomic DNA extracted from MRS bacterial pools before and after oxalate enrichment. 

Lane: M, standards. Odd numbered lanes: MRS pools before oxalate induction. Even numbered lanes: 

MRS pools after oxalate induction. a-k; bands excised and sequenced. Samples from individuals B8, B16, 

B17, and B19 were analysed. 

 

Nine DNA fragments from the gel (labeled a-k in Figure 5.4) were excised, PCR-cloned and 

sequenced. A PCR product was not obtained when DNA from band k (lane 2) was amplified so 

this sample had to be excluded from this analysis. As shown in Table 5.4 below, the closest 

relatives of the cloned genes, based on BLAST searches, were all Lactobacillus species, 

indicating that the primers were annealing predominantly to members of this group. The results 

L. brevis
L. acidophilus 

L. reuteri 

L. fermentum 
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Table 5.4:  Clones of 16S rRNA gene sequences derived from PCR-DGGE with primers Univ-

341-f and Lab-0667-r and identities based on BLAST database searches.  

 

Sample      Band/clone      Closest relative       % sequence similarity    Genebank accession no. 

                                      
B8                 a               L. mucosae   strain LAB87             99                         EF120376.1 

                      b               L. johnsonii                                   100                        AB295648.1                  

B16               c               L. gallinarum                                  99                        AB186335.1 

                     d               L. acidophilus NCFM                     98                         CP000033.2           

B17              e               L. acidophilus NCFM                    100                         CP000033.2 

                     f               L. acidophilus strain JCM 11047   100                         AB289021.1 

B19              g               L. kitasatonis                                   99                         AB186339.1 

                     j               L. acidophilus NCFM                    100                         CP000033.2           

                     

also showed that the Lactobacillus species that dominated in the MRS pools before oxalate 

induction were often different from those after induction. For example, in individual B16, 

Lactobacillus gallinarum was predominant before oxalate induction, whereas L. acidophilus was 

evident after oxalate induction of the sample. Some bands migrated to the same position as the 

standards (e.g. B17) and were identified as L. acidophilus. However, the band in sample B19 

lane 8 (fragment j) was identified as a L. acidophilus but does not align with the standard, and 

B19 (fragment g), which is at the same position, was identified as L. kitasatonis. A similar result 

was seen in sample B8, fragment a and b. There are several possible reasons for these 

discrepancies. Firstly, the fragments that are resolved on DGGE are short (300 bp long) and this 

sometimes makes achieving reliable sequence identification of the microbial species difficult.  
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The sequences from DGGE bands that are compared in the database are relatively small 16S 

rRNA gene fragments and are not always different within the same genus (Ercolini, 2004). 

Secondly, some Lactobacillus species are closely related and it is not possible to separate them 

on DGGE using Genus-specific primers. Co-migration of 16S rRNA sequences of some 

Lactobacillus species have been reported elsewhere (Walters et al., 2001; van Beek and Priest, 

2002; Meroth et al., 2003) and in this thesis (Chapter 2).                       

 

5.4.5 Oxalate-degradation capacities of putative Lactobacillus species isolated from faecal 

material 

Direct plating of faecal material on MRS media did not reflect the numbers or diversity of 

putative Lactobacillus species detected in the faecal material, and the best oxalate degraders 

may, therefore, not have been isolated during original culturing of the pools on the medium 

lacking oxalate. The original faecal samples of individuals whose MRS bacterial pools degraded 

oxalate well were, therefore, grown in MRS broth enriched with sodium oxalate, and putative 

good oxalate degrading Lactobacillus species were isolated directly from these. The oxalate-

degrading capacities of these individual putative Lactobacillus species were determined by 

growing the isolates in MRS broth supplemented with sodium oxalate and the residual oxalate in 

the cultures assayed as described previously in section 5.3.4. All isolates degraded oxalate. 

However, the best oxalate-degrading isolates were B7(2), B7(3), B16(8), B16(9), B17(4) and 

B17(7), highlighted in Table 5.5. 
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Table 5.5: Oxalate utilisation capacities of putative lactobacilli isolates from faecal samples 

expressed as percentages 

 

Study 
Individual 

     Isolate       Oxalate   
utilisation (%)* 

B7 B7 (1) 27 ± 7.5 
 B7 (2) 97± 2.5  
 B7 (3) 95 ± 3.0 
 B7 (5) 41 ± 5.0 
 B7 (6) 95 ± 3.5 
 B7 (7) 91 ± 15 
 B7 (8) 90 ± 5.0 
  B7 (10) 26 ± 7.5 
   

B16 B16 (1) 95 ± 2.0 
 B16 (3) 92 ± 5.0 
 B16 (4) 63 ± 9.0 
 B16 (5) 86 ± 6.5 
 B16 (6) 25 ± 3.0 
 B16 (8) 97 ± 2.5 
 B16 (9) 97 ± 0.0 
   B16 (10) 89 ± 5.5  
   

B17 B17 (1) 90 ± 4.0 
 B17 (2) 90 ± 5.5 
 B17 (3) 85 ± 9.0 
 B17 (4) 91 ± 2.0 
 B17 (5) 82 ± 1.0 
 B17 (6) 73 ± 6.5 
 B17 (7) 93 ± 1.9  
 B17 (8) 63 ± 7.0 
  B17 (9) 91 ± 4.2 

         
       *Two best isolates from each individual shown in bold 
 

5.4.6 Identification of putative Lactobacillus isolates  

Six of the putative Lactobacillus isolates from enriched faecal materials that degraded oxalate 

well (Table 5.5) were selected for further identification. Colony PCR was performed using 

primers 16-1A and 23-1B (Table 5.1) that target the intergenetic spacer (ITS) region of 16S 

and 23S of the Lactobacillus rRNA gene. Lactobacillus species often contain both small and 
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larger spacer regions as such amplification with ITS primers generates three PCR products 

upon electrophoresis (Tannock et al., 1999). The three PCR products were obtained in all six 

isolates (Figure 5.5), indicating that they were all Lactobacillus species. This was further 

confirmed by the API results. The bands in lane 3 were present but too faint to be seen on the 

figure.  

                            
                                λ      C     1      2      3      4     5       6     
 
Figure 5.5: Agarose gel electrophoresis of 16S-23S rRNA gene colony PCR products using primers 16-

1A and 23-1B. Lanes: λ, lamda DNA marker digested with PstI; C, water control; 1, B7 (2); 2, B7 (3); 

3, B16 (8); 4, B16 (9); 5, B17 (4); 6, B17 (7).  

 

 

The 500 bp PCR products were also sequenced and the results are shown in Table 5.6. Two of 

the isolates were identified as strains of L. gasseri, one as L. acidophilus, one as L. frumenti and 

one as L. reuteri. The band from B16 (8) yielded too little DNA for sequencing and was 

excluded from the study. 

  

 

 

500 bp 

1090 bp 
810 bp 
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Table 5.6: Lactobacillus isolates identified based on the sequence similarity according to the 

small ITS region of 16S-23S of rRNA gene in the Genbank 

 

 Isolate                  closest relative                               % identity       Genebank accession no.         

 B7 (2)                 L. gasseri ATCC 33323                         100                       CP000413 

 B7 (3)                 L. gasseri strain KC5a                           100                       AF243165.1 

 B16 (9)               L. frumenti                                              100                       AJ250074.1                                        

 B17 (4)               L. acidophilus NCFM                             99                        CP000033.2               

 B17 (7)               L. reuteri strain C16                                99                        EF412989.1 

 

5.4.7 PCR detection of oxc genes in faecal Lactobacillus isolates 

The five Lactobacillus strains identified by ITS sequence analysis were investigated for the 

presence of oxc genes by PCR using LGOxc primers designed from Lactobacillus gasseri oxc 

gene, LGAS_0248 (NZ_AAAO00000000). BLAST analysis of these primers indicated that they 

would anneal to L. gasseri oxc gene only. However, the predicted 2 kb PCR product was 

obtained in all but B7 (2), lane 1 (Figure 5.7A) although the ITS sequences of isolates in lanes   

                         A                                                                                               B 

                                                 
                              λ       C        1        2       3       4        5                                          λ   C  1 
 
Figure 5.6: Agarose gel electrophoresis of oxc gene PCR products amplified with primers LGOxc-f and 
LGOxc-r derived from L. gasseri oxc gene. (A): 360 ng DNA. Lanes: λ, lamda DNA marker digested 
with PstI; C, negative control; 1, B7 (2); 2, B7 (3); 3, B16 (9); 4, B17 (4); 5, B17 (7). (B) 600 ng DNA. 
Lane: λ, lamda DNA marker digested with PstI; C, negative control; 1, B7 (2). 

2 kb 

2 kb 

2.8 kb 

14 kb 

2.8 kb 
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3, 4, and 5 (Figure 5.7A) were similar to L. acidophilus and L. reuteri, respectively. 

Furthermore, the isolate in lane 1 (Figure 5.7) was identified as L. gasseri by ITS sequence 

analysis but did not give a product when 360 ng of DNA was amplified with L. gasseri oxc 

primers. However, a PCR product of correct size was obtained when DNA template was 

increased from ca. 360 ng to 600 ng (Figure 5.7B). 

  

5.4.8 Detection of bifidobacteria in MRS bacterial pools 

Certain MRS pool samples showed no, or very faint, bands of Lactobacillus species during the 

DGGE analysis (Figure 5.2; lanes 1 and 19) and yet these samples (W15 and B9) recorded 

oxalate degradation activities of 35.5 ± 13.5% and 75.0 ± 1.0%, respectively. MRS culture 

medium is not entirely selective for Lactobacillus species and can support the growth of certain 

bifidobacteria (Simpson et al., 2003). There is also a possibility that presently unidentified 

genera or species capable of degrading oxalate can be accommodated on the media. In order to 

determine whether bifidobacteria might be contributing the oxalate degradation activities in 

these pools, their presence was determined by amplifying the 16S rRNA genes using 

Bifidobacterium specific primers Bif 164-f and Bif 662-r (Table 5.1). A faint 498 bp product was 

generated in all samples assayed, indicating the presence of bifidobacteria in the MRS pools 

(Figure 5.8). The results suggest that Bifidobacterium species could be responsible for observed 

oxalate degradation activities. It also suggests that they might contribute partly to the oxalate 

degradation observed in other samples such as B16.    
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                                   λ      C     1      2     3      4      5     6      7 

 

Figure 5.7: PCR detection of Bifidobacterium spp. in selected MRS bacterial pools using the 16S rRNA 

gene bifidobacterial specific  primers Bif 164-f and Bif 662-r. Lanes: λ, lambda DNA digested with 

PstI; C, negative control; 1, W15; 2, B7; 3, B8; 4, B9; 5, B16; 6, B17; 7, B20. 

 

5.5 Discussion and conclusions 
 
Differences in the levels of colonic oxalate degrading bacteria has been suggested, among other 

factors, to be the reason why the South African black population rarely forms calcium oxalate 

stones as compared to their white counterparts. A pilot study by Lewandowski (2003) and work 

reported in this thesis (Chapter 3) indicated that there was a relatively higher diversity of 

Lactobacillus species in the former group than in the later. In light of this, the present study 

explored the possibility of the diverse population of Lactobacillus species in the black 

population contributing to low urinary oxalate excretion and the subsequent lower incidence of 

calcium oxalate stones. The enzymatic kit used to determine residual oxalate concentration in the 

cultures is reported to present a low precision and a high degree of experimental variation as 

seen from the recovery test of standards where 90-110% of  added oxalate has been recovered 

(Turroni et al., 2007; Federici et al., 2004). Nevertheless, most researchers have used this 

method to screen for bacterial oxalate degradation activities especially when large sample 

498 bp 

810 bp 

340 bp 
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cohorts are investigated (Turroni et al., 2007; Azcarate-Peril et al., 2006; Lewanika et al., 2006; 

Federici et al., 2004). In addition, no oxalate degradation activities has been observed in E. coli 

(negative control) while 100% utilization of the substrate has been seen in oxalotrophic O. 

formigenes (Turroni et al., 2007; Federici et al., 2004). In the study reported in this thesis, the 

validity of the screening has not been observed to be compromised by the precision error 

reported since sufficient assay replicates were performed to produce a robust result.  

 

In the study reported here, it has been shown that culturable Lactobacillus species of the two 

study groups can degrade oxalate in vitro and that those in the black test group had a higher 

average oxalate-degrading capacity (49%) than the ones in the white group (32%). No similar 

work has been published and so no direct comparison with the literature can be made. However, 

the results appear to agree with figures obtained from the pilot study in the same research group 

with a smaller sample, n = 20 (Lewanika, 2006, PhD thesis). Although the results were not 

statistically significant (p = 0.0512), the 49 % mean oxalate utilisation observed in black subjects 

against 32% in whites could be biologically important. As mentioned previously, the normal 

oxalate-calcium ratio in urine is 1:10 and any slight increase in oxalate will favour stone 

formation (Siener et al., 2005). So if a system can degrade intestinal oxalate at above average 

levels, it will have a biological advantage as far as the prevention of hyperoxaluria is concerned. 

There is no clear explanation why the pooled bacterial isolates from black subjects degraded 

oxalate better than those from the whites. Perhaps, the consumption of oxalate-rich foods in 

black subjects eventually created an ecological function for Lactobacillus species that had 

acquired oxalate genes and degraded oxalate efficiently. The rates of bacterial oxalate utilization 
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have been reported to be higher in animals adapted to diets containing increasing amounts of 

oxalate (Allison et al., 1977 cited in Dawson et al., 1980). 

 

Most oxalate degradation activity of the MRS bacterial pools was observed within the first two 

days of incubation in the media that was nutritionally optimised for the growth of Lactobacillus 

species. This finding has also been reported by other researchers (Azcarate-Peril et al., 2006; 

Wesse et al., 2004). It indicates that Lactobacillus species were able to utilise oxalate in the 

presence of other carbon sources. This observation is clinically important as far as intestinal 

reduction of oxalate is concerned because degradation of intestinal oxalate by probiotic bacteria 

has to be done under normal conditions, not when oxalate is the only alternative energy source. 

 

Some MRS bacterial pools, for example B9, degraded oxalate very well (Table 5.2). However, 

PCR-DGGE with Lactobacillus group primers yielded no, or very faint, DNA fragments. It is 

possible that there were normal levels of Lactobacillus species in those samples and that during 

DNA extraction, cell lysis was not adequate to release enough DNA for sufficient PCR 

amplification. Another possible explanation is that other oxalate-degrading bacteria (other than 

Lactobacillus species) contributed to the high oxalate degradation capacities. The MRS media 

used in the study is designed for selective growth of lactobacilli (De Man et al., 1960). However, 

it has been observed that it can permit the growth of other lactic acid bacteria such as 

Leuconostoc and Streptococcus (Dave and Shah, 1996).  It also supports the growth of 

bifidobacteria under anaerobic conditions (Simpson et al., 2003).  Bifidobacterium lactis has 

been shown to have the ability to degrade oxalate (Federici et al., 2004). PCR amplification of 

16S rRNA genes with Bifidobacterium specific primers revealed their presence in the MRS 
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pools, supporting the notion that involvement of other oxalate-degrading bacteria could not be 

ruled out. 

 

The Shannon-Wiener diversity indices, H, calculated from DGGE banding patterns of MRS 

pools of the two study populations, indicated that the diversity of culturable Lactobacillus 

species in white subjects was relatively higher than in blacks. As mentioned previously, much of 

the knowledge of composition of the intestinal faecal microbiota has been obtained through 

bacteriological culture methods. However, these techniques have been shown to have 

deficiencies in the study of microbial ecologies as the commercial media fails to mimic growth 

conditions bacteria are accustomed to in their natural environments, thereby leaving many 

bacterial cells unaccounted for (Hugenholtz et al., 1998).  This was evidenced in the present 

study where a higher molecular diversity of Lactobacillus species was observed in faecal 

microbiota than in MRS bacterial pools and that according to the DGGE banding profiles, the 

dominant Lactobacillus species between the two were different. This observation is interesting 

regarding our present subject of intestinal oxalate reduction. It may indicate that the major 

oxalate-degrading Lactobacillus species in the gut are unculturable (difficult to culture) and it is 

possible that the black test subjects harbour more of these species than the whites. 

  

As reported in this thesis (Chapter 2), the primers used in the current study annealed not only to 

Lactobacillus species but to other lactic acid bacteria as well. Sequence analysis of the 16S 

rRNA gene fragments revealed they were all Lactobacillus species and that in some individuals 

L. acidophilus was predominant after oxalate induction in MRS bacterial pools selected. The 

presence and functionality of oxc and frc genes have been demonstrated in this bacterium 
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(Turroni et al., 2007; Azcarate-Peril et al., 2006) and the presence of oxalate provided it with a 

selective advantage over non-oxalate degrading Lactobacillus species. L. johnsonii dominated in 

one of the MRS pool samples after oxalate induction as demonstrated by DGGE analysis. No 

oxalate genes and degradation activity has been found in L. johnsonii PB11 (Turroni et al., 

2007). However, as mentioned previously, oxalate degradation is thought to be strain specific 

(Turroni et al., 2007) and it is possible that other strains of L. johnsonii could be oxalate 

degraders. It is also possible that they could be harbouring genes involved in oxalate degradation 

but that these are annotated with different names. 

 

The five good oxalate-degrading bacteria isolated from faecal material of black subjects had 500 

bp 16S-23S ITS sequences closely related to L. gasseri ATCC 33323, L. gasseri strain KC5a, L. 

frumenti, L. acidophilus NCFM and L. reuteri strain C16. Their oxalate-degrading capacities 

were in the range of 90-100%. Except for L. reuteri, these figures are comparable to those 

reported by similar studies (Turroni et al., 2008; Lewanika et al., 2006).   Turroni et al., (2007) 

reported no degradation activity in L. reuteri PB43. However, the analysis of partial genome 

sequences of L. reuteri JCM112 (ZP_01164774; EAR57739) and L. reuteri 100-23 

(ZP_01274540; EAS88495) revealed the presence of the oxc gene.  In addition, PCR detection 

of the oxc gene in the L. reuteri isolated and identified in this study with L. gasseri oxc gene 

primers, LGOxc-f and LGOxc-r confirmed the presence the gene. L. gasseri has been shown to 

establish successfully and degrade oxalate (40%) in a continuous culture simulator of the human 

colonic microbiota (Lewanika et al., 2006). The case of L. frumenti is interesting as this is the 

first time that it has been associated with oxalate degradation. It is a relatively new Lactobacillus 

species isolated from rye-bran fermentation (Muller et al., 2000). It is generally associated with 
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sourdough fermentation or found in fermented sourdough (Corsetti and Settanni, 2006) and 

generally regarded as safe (GRAS). 

 

The oxalate-enrichment, culture-based approach described in this study has, therefore, resulted 

in the isolation of five Lactobacillus strains from the low risk kidney stone group. These strains 

should be investigated further to evaluate their in vivo suitability (adherence to intestinal walls, 

bile acid tolerance etc) for the treatment and management of kidney stone disease. 
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Chapter 6 

 

General conclusions 

The first aim of the work reported in this thesis was to study the molecular biodiversity of 

faecal Lactobacillus species of stone-free black and white male South African test groups. 

Increased diversity of intestinal oxalate-degrading bacteria has been suggested as one of the 

reasons why black South Africans rarely form kidney stones as compared to their white 

counterparts. Lactobacillus species have been shown to degrade oxalate and their activity is 

thought to reduce levels of intestinal oxalate, thereby limiting its availability for absorption and 

subsequent excretion in urine. This study presents a first report on differences in diversity of 

faecal Lactobacillus species between the two study groups. 

 

The results reported in this thesis indicated that conditions for PCR and DGGE need to be 

optimised for the success of DGGE-based biodiversity analysis of any microbial community. 

Some PCR protocols include adjuncts such as DMSO and BSA in order to improve the 

efficiency of the PCR. In this study, BSA was better than DMSO in improving the PCR 

amplification efficiency. Conflicting results have been reported in the literature on the impact 

of electrophoresis time on DGGE analysis. While some researchers have advocated 

electrophoresis of gels at longer times and lower voltage, others have preferred shorter times at 

higher voltage. In this study, optimal band separation and resolution were achieved when gels 

were electrophoresised for longer (16.7 h at 62V) than for shorter times (7.5 h at 133V). In 

addition, the narrower denaturing chemical gradient of 45-55% appeared to be optimal for 

band separation relative to the 40-60% gradient. 
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The 16S rRNA Lactobacillus group primers used in the study were shown to anneal not only to 

Lactobacillus species, but also to other related genera such as Pediococcus and Leuconostoc. 

PCR detection using these primers showed that Lactobacillus and related LAB species were 

present in all samples of the two study populations. DGGE analysis of amplified 16S rRNA 

gene PCR products revealed a unique composition of putative Lactobacillus and related LAB 

species between individuals of the two study groups. Analysis of the DGGE banding profiles, 

however, showed that there was a significantly higher diversity of faecal Lactobacillus and 

related lactic acid bacterial species in the black test subjects as compared to their white 

counterparts. These results should, however, be regarded as relative as they could be affected 

by DNA extraction and PCR efficiency. During extraction, not all DNA is released equally 

from all cells due to insufficient or preferential lysis of cells. Consequently, DNA from certain 

species would be represented in low amounts, and during PCR, would not be amplified 

sufficiently to be seen as bands on the gel.  

 

The second major aim of the study was to detect and quantify the oxalate degrading bacteria in 

faecal samples of the two study groups. Presence of increased numbers of oxalate degrading 

bacteria has been suggested as a reason to explain the efficient oxalate handling mechanism 

observed in the black population group as compared to their white counterparts. Results of the 

study reported in the thesis indicated that O. formigenes could play a role in the lower 

incidence of kidney stones in black test subjects as compared to the whites. The 70% incidence 

of O. formigenes observed in the black test subjects as determined by PCR is comparable to 

figures reported for other low risk populations in other parts of the world (Kumar et al., 2002; 

Sidhu et al., 1997b; Kleinschmidt et al., 1993; Goldkin et al., 1986). The more sensitive real 
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time PCR technique detected O. formigenes in all the samples, and the levels of the bacterium 

were significantly higher in the black test subjects versus the white subjects. This represents a 

significant difference in levels of O. formigenes in faecal samples of the two study populations. 

 

Reports indicate that Lactobacillus species are common in the GIT of humans. Results of the 

present study reported in the thesis confirmed this. Real time PCR detection showed their 

presence in all faecal samples of the study population groups. There were, however, no 

significant differences in the levels of L. gasseri and bacteria of the L. acidophilus group 

between the two groups. These results did not correlate with the overall oxalate degrading 

capacities observed in the culturable lactobacilli isolated from the faecal samples of the two 

study groups, suggesting that L. gasseri alone was not responsible for the differences in oxalate 

degrading capacities between the two study populations. However, the quantification of other 

oxalate degrading Lactobacillus species such as L. reuteri and L. acidophilus need to be further 

examined using oxc primers. The use of primers based on the 16S rRNA gene, as done with the 

L. acidophilus group, resulted in lower levels of members of this group as compared to that of 

L. gasseri (based on oxc gene) even though the latter is a subset of the former. Differences in 

primer efficiency are thought to be behind the discrepancy. Further studies would require 

designing new primers and thoroughly evaluating them. 

 

The third major aim of the study was to determine the oxalate degrading capacities of culturable 

lactobacilli isolated from faecal samples of the two study populations, and to identify novel 

oxalate degrading Lactobacillus species with the view to using them for possible probiotic 

management of kidney stone disease. The oxalate degrading capacities of culturable lactobacilli 
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was determined by first isolating culturable lactobacilli from faecal samples on MRS media, 

growing the MRS bacterial pools in medium containing non-inhibitory concentrations of sodium 

oxalate, and assaying the residual oxalate in the samples using an enzymatic kit. Results reported 

in this thesis showed that all samples degraded oxalate in vitro. However, culturable lactobacilli 

isolated from faecal samples of the black test group had a higher oxalate degrading capacity as 

compared to those isolated from the white test subjects. Although the results were not 

statistically significant, culturable lactobacilli from 46% of the samples from black individuals 

utilised the substrate above 40% versus 15% of their white counterparts at similar level, and a 

49% mean oxalate degradation capacity observed in black against 32% in white could be 

biologically significant. The results also showed that most oxalate degradation activities 

occurred within 24 hours of incubation and occurred in media optimised for lactobacilli. This 

indicated that the Lactobacillus species were able to utilise oxalate in the presence of other 

carbon sources. This observation is clinically important as far as intestinal reduction of oxalate is 

concerned because degradation of intestinal oxalate by probiotic bacteria has to be done under 

conditions when several alternative carbon sources may be present and not when oxalate is the 

only available energy source. A larger study group would, however, be needed to determine the 

statistical significance of the results. 

 

PCR detection with Bifidobacterium 16S rRNA specific primers indicated the presence of 

bifidobacteria in the MRS bacterial pools. Certain bifidobacteria, especially B. lactis have been 

shown to degrade oxalate. This suggests that the contribution of other bacteria to the oxalate 

degrading capacities observed between the two study groups cannot be ruled out and should be 

considered when evaluating potential strains for probiotic treatment of kidney stones. 
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The results reported in this thesis suggest that the efficiency of oxalate degrading lactobacilli 

rather than quantity could explain the lower incidence of kidney stones reported in blacks 

relative to the whites. DGGE analysis of 16S rRNA gene PCR products of culturable 

lactobacilli showed the higher value of the Shannon-Wiener diversity index, H, in the white 

test subjects than in the black subjects, indicating that the black population harboured more 

non-culturable lactobacilli than the white group. The use of more appropriate media would, 

perhaps, help in culturing these non-culturable bacteria. Studies have shown that the absence of 

certain carbon sources in the media allows the proliferation of more bacteria. For example, the 

media containing glucose as a carbon source showed lower cfu/g of bifidobacteria than the 

media that contained soya peptone (Rada and Petr, 2000). Stachyose, raffinose, and sucrose are 

the main carbohydrates in soya (Scalabrini et al., 1998).  

 

The high oxalate degrading capacities observed in culturable lactobacilli isolated from faecal 

samples of the black study group in the present study made these bacteria a potential source of 

novel oxalate degrading Lactobacillus species.  Random screening of colonies reported in this 

thesis identified five good oxalate degrading strains from faecal samples of the low risk group, 

and based on the 16S rRNA gene sequence, two strains were identified as L. gasseri, one as L. 

acidophilus, one as L. frumenti and the other as L. reuteri.  This is the first report of L. frumenti 

in connection with oxalate degradation. It is a relatively new Lactobacillus species isolated 

from rye-bran fermentation (Muller et al., 2000), whose genome has not been sequenced yet. It 

is, perhaps a good candidate for oxalate degradation as it is generally regarded as safe (used in 

fermentation of food). Moreover, amplification with L. gasseri oxc primers gave a good PCR 
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product which can be cloned, and used as a probe to isolate the rest of the oxc operon and 

quantify L. frumenti in the black samples.   

 

The presence and functionality of genes involved in oxalate catabolism have been shown in L. 

acidophilus and L. gasseri (Turroni et al., 2007; Lewanika et al., 2006). These strains, 

especially L. gasseri, have shown potential as probiotics as they have been shown to establish 

successfully and degrade 40% of oxalate in the continuous culture simulator of the human 

colonic microbiota (Lewanika et al., 2006). Further studies, however, need to be conducted to 

evaluate their suitability as probiotic candidates for the treatment of kidney stones. 

Specifically, future work should include determining the ability of the strains to remain viable 

during the processing and storage stages, survive the upper gastrointestinal tract and reach the 

intestine (acid and bile resistant), and adhere, colonise or proliferate in the gastrointestinal 

tract. The human adenocarcinoma cell line Caco-2, isolated from human colon has been used 

to determine the adherence of bacteria to intestinal walls (Hirakata et al., 1998), and can be 

used in the study. Lastly, clinical trials also need to be conducted to evaluate the in vivo oxalate 

degradation capacities of the strains by administering them orally to hyperoxaluric patients and 

analyse the urinary oxalate concentration. 
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