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ABSTRACT

The discovery of antibiotics has been one of the major breakthroughs in the history of medicine
for the treatment of microbe-related infections. Soil-borne microorganisms have been known to
potentially produce clinically important antibiotics. However, many studies have shown that most
deadly disease-causing bacteria have acquired the ability to resist the actions of these antibiotics
and this phenomenon is known as antibiotic resistance. The aim of the study was to discover
antibiotics from sand collected from inside fairy circles in the Namib desert. The bacteria were
isolated using the serial dilution method and pure cultures were made from a 1 X 10 plate. These
bacteria were subjected to primary screening in which the bacteria resembling the Streptomyces
morphological features were tested against non-Streptomyces bacteria (also isolated from the soil)
and the four known pathogens (Escherichia coli, Staphylococcus aureus, Achromobacter

xylosoxidans and Proteus vulgaris) for antagonistic activity.

The Streptomyces resembling bacteria together with the bacteria that were susceptible were
identified using the 16S rRNA sequencing method. Three bacteria were isolated and identified as
Streptomyces parvulus strain R5-344, Kocuria turfanensis strain HO-9042 and uncultured
Microbacterium sp. Clone 1c05. For the extraction and purification of the active compounds from
the bacteria, a crude extract was made using ethyl acetate and spotted on TLC plates to separate
the compounds. A direct TLC-bio-autography method was performed to show which compounds
were antibacterial. The active section was scraped off from the TLC plate (R¢=0.76) and extracted
with ethyl acetate. The extract was analysed by *H NMR and GC-MS for identification of the

compounds. The comparison of the *H NMR spectrum of the control and the active sample showed

xiii



new peaks at chemical shifts of 4.33 ppm, 4.75 ppm and 0.90 ppm. And lastly, with the GC-MS
analysis, three compounds were tentatively identified in the active fraction; one compound showed
92 % similarity to 2-methyloctacosane (Retention time (RT) = 16.420 minutes), the second
compound showed 92 % similarity to acetic acid n-octadecyl ester (RT = 20.355 minutes) and the

third one showed 87 % similarity to octacosyl acetate (RT = 22.185 minutes).
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1.1. Background of the study

The discovery of antibiotics is considered as one of the major breakthroughs in medicine for the
treatment of microbe-related infections (Aminov, 2010). The first true antibiotic, penicillin, was
accidentally discovered in 1928 by Sir Alexander Fleming and was produced from a fungal species
called Penicillium chrysogenum. The agent was only introduced in the 1940s as a treatment for
TB infections (Tan & Tatsumura, 2015). He discovered the growth of P. chrysogenum on the plate
he was growing a bacterium (Staphylococcus aureus) on and after a few days realized that it was
inhibiting the growth of the bacterium. He concluded the fungus had the ability to produce a
compound with antibacterial properties and with further research discovered that the fungus could
also kill other bacteria, like Streptococcus, Meningococcus and Diphtheria species. The discovery
and introduction of penicillin paved a way for the development and discovery of many clinically
important antimicrobial agents from both bacteria and fungi. These antibiotics possess different
properties depending on which types of organisms/species are treated. For example,
microorganisms can produce compounds that have antifungal; antiviral, and anti-parasitic (e.g.
nematodes) activity (George et al., 2010; Procopio et al., 2012; Etebu & Arikekpar, 2016). Most
of the clinically important antibiotics are produced by microorganisms found in the soil (Nesme
& Simonet, 2015). The current study was focused on discovering antibacterial antibiotics produced

by soil bacteria.

The production of antibiotics in microorganisms can be triggered by changes in the environment,
which then act as a form of defence mechanism to eliminate the competition (Procopio et al.,

2012). Antibiotics, particularly produced by bacteria, can be grouped based on their modes of
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action or activity spectrum. The classification based on the spectrum of activity indicates the ability
of the antibiotic to inhibit or kill one type of bacterial group or broad range of bacterial groups.
These groups are Gram-negative and Gram-positive bacteria. When an antibiotic can kill or inhibit
both type of bacterial groups, it is said to have broad-spectrum activity and when it only targets
one type of bacterial group, is said to have a narrow spectrum activity (Amyes, 2010). The
grouping of antibiotics that is based on modes of action involves the ability of the bacterium to
either Kkill or minimize the growth of the susceptible species (Etebu & Arikekpar, 2016). When an
antibacterial agent can kill the competition, the agent is called bactericidal and if it only inhibits
the growth, it is bacteriostatic. There are several antibiotics that are produced by Streptomyces
bacteria and such antibiotics include classes from beta-lactam, tetracycline, macrolides,
glycosides, and aminoglycosides (Etebu & Arikekpar, 2016). Figure 1.1 show examples of these

classes based on their mechanisms of action.

A good antibiotic may be difficult to be chemically synthesised but not impossible. There are
several characteristics that an antibiotic should have to be clinically effective. Some of the
properties include: its ability to be harmless to the person using the drug without causing severe
side effects and allergic reactions but can kill the targeted microorganism; having a long shelf life
and being less prone to resistance and most importantly be affordable and easily produced (Finch
et al., 2010; Hossain & Rahmann, 2014). The clinical value of antibiotics can be determined by
what is called selective toxicity. Selective toxicity means the antibiotic must be able to be active

against harmful microorganisms but not to human cells (Scholar & Pratt, 2000; Matsuzaki, 2009).

17



It is possible that the target sites for the antibiotic on the microorganism might not be present in
humans and therefore in this way the antibiotic will not have any deleterious effects (Scholar &

Pratt, 2000; Pommerville, 2010).

DNA-directed RNA
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Figure 1.1: Mechanisms of action of antibiotics employed by bacteria to fight against
competition. These modes of action include inhibition of cell wall, proteins, RNA elongation

and disruption of the bacterial membrane (Bbosa et al., 2014).

Bacterial and human cells are structurally and chemically dissimilar. Bacterial cells have cell walls
made up of peptidoglycan, whereas human cells do not contain a cell wall, meaning a given
antibiotic will have to specifically target the peptidoglycan in bacteria, therefore killing the

bacteria without causing any harm to the human (Scholar & Pratt, 2000).
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1.2. Soil microorganisms as a source of antibiotics

Many soil microorganisms play an essential role in maintaining a plant’s growth and protecting
them from pathogenic soil-borne microorganisms. They are equally important for fixing nitrogen,
breaking down of compounds and many other related activities (Raaijmakers et al., 2002; Seipke
et al., 2012). Most importantly, soil microorganisms are known to be most abundant and produce
many of the clinically and agriculturally important antibiotics (Ceylan et al., 2008; George et al.,
2010; Hossain & Rahman, 2014; Nesme & Simonet, 2015). These antibiotic-producing soil
microorganisms include Streptomyces, Bacillus and Penicillium species (Forsberg et al., 2012;
Sandhya et al., 2015). These bacteria and fungi have a way to insulate themselves from being
harmed by their own antibiotics and to only target the other bacteria in the same environment
(Seipke et al., 2012). Other important secondary metabolites produced by soil microorganisms that
also play major roles in fighting off plant pathogens are volatile compounds, sideosphores, toxins
and enzymes (Raaijmakers et al., 2012; Paul, 2014). For an exceedingly long time, microorganisms
have been the causative agents of many human related infections and initially there was no known
treatment of such infections. Antibiotics can be produced either naturally or synthetically, however
synthetic antibiotics are still rarely produced compared to the natural ones (Fair & Tor, 2014).
Semi-synthetic antibiotics are often produced in the laboratory by manipulating natural antibiotics
that have previously decreased in effectiveness due to microorganisms gaining resistance
(Fischbach & Walsh, 2009; Asha et al., 2011). Soil microorganisms are not studied as much as the
free-living ones because the frequency at which these bacterial cells form colonies is found to be
low and therefore making it difficult to grow under the laboratory conditions (Davis et al., 2005).

The study done by Davis et al. (2005), looked at various factors affecting the growth of these soil
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bacteria and the factors include the size of the inoculums, the period in which the bacteria are
incubated and the media in which they are grown. Therefore, to secure more colonies, the

incubation period of soil microorganisms, including slow growers, ranges between 7 to 14 days.

Streptomyces spp. are Gram-positive bacteria that inhabit the soil and have been known to
represent the most antibiotic-producing bacterial species in the history of science (Ceylan et al.,
2008; George et al., 2010; Hossain & Rahman, 2014). Like most other bacteria they are known to
be non-photosynthetic, meaning that their source of energy is derived from the oxidation of organic
compounds (Hasani et al., 2014). Streptomyces spp. are also characterized on the richness of their
guanine and cytosine content in their DNA sequences, ranging from 35 % to 75 % (Ceylan et al.,
2008; Wu et al., 2012). They grow under moderate temperatures of between 10 °C — 37 °C,
whereas some thrive at high temperature that range from 45 °C — 55 °C (Hasani et al., 2014).
Although Streptomyces spp. play a crucial role in medicine and agriculture, there are a few that
pose a threat to the health of humans and plants (Seipke et al., 2012). Those that cause diseases in
plants are more abundant than those in humans. The first bacterial antibiotic, streptomycin, was
discovered by Waksman in 1943 produced by S. griseus (Seipke et al., 2012). Streptomycin is a
bactericidal and effective aminoglycoside antibiotic against Gram-positive bacteria. Most of the
antibiotics that are found today are from Streptomyces spp. and almost all of them have become
ineffective over the years (Procdpio et al., 2012). The ineffectiveness of these antibiotics is the
result of susceptible pathogens acquiring ways to resist the actions of the antibiotics (George et
al., 2010). This study focused on isolating Streptomyces spp. that have the potential of producing

antibacterial antibiotics.
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1.3. Antibiotic resistance

The problem of antibiotic resistance has remained a substantive issue over the years and with
research it was discovered that resistance to antibiotics can occur suddenly after the introduction
of the antibiotic. Penicillin was initially given to patients in 1941 and followed by its resistance in
1942. Another instance was seen with methicillin that was introduced in 1960 and methicillin-
resistant bacteria were reported in 1961 (Landecker, 2015). Some of the bacteria have become
resistant to more than one antibiotic, and therefore are called multi-resistant bacteria. Managing
such conditions is even more difficult to deal with. Bacteria are quick adaptors to external
environments, especially if the newly introduced environment limits their chances of survival.
Their ability to adapt to such external environments enables them to enhance/activate survival
mechanisms that will allow them to grow better and the possible way of achieving this is by
adjusting how they regulate their gene expression (Kiel et al., 2010; Guo & Gross, 2014).
According to Hottes et al. (2013) the loss of function mutations in certain bacterial genes,
particularly those targeted by the changes in the environment, represent possible ways of how the
bacterium can avoid harsh environmental challenges like temperature, lack of nutrients, etc.
Interestingly, these mutations that give resistance in some bacteria are thought to have existed long
before the bacterium was ever exposed to an antibiotic. So, this proves that therefore, bacterial

resistance has been around long before the discovery of antibiotics (Davies & Davies, 2010).

Another conventional way in which bacteria become resistant is through horizontal gene transfer
(HGT) (Figure 1.2). HGT is a process in which one organism acquires new genetic material from

another organism rather from parent to offspring (Heuer & Smalla, 2007; Wiedenbeck & Cohan,
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2011). Of the three different modes of HGT, conjugation is the most common in which bacteria
become resistant to antibiotics (Davies & Davies, 2010; Giedraitiené et al., 2011; Greenwood,
2012). Conjugation is when one bacterial cell directly transfers its plasmid DNA to another
bacterial cell (Levy, 2002; Heuer & Smalla, 2007; Giedraitiené et al., 2011; Greenwood, 2012;
Arber, 2014). Transduction occurs when a bacteriophage transfers DNA material from one
bacterium to another whereas in transformation one bacterial cell takes up external DNA from
another bacterial cell (Havarstein, 1998; Tenover, 2006). Horizontal gene transfer can occur within

either the same or different genera (Havarstein, 1998).
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Figure 1.2: Bacteria use different methods of horizontal gene transfer as a mechanism of
preventing the activity of antibiotics. These methods include transformation, conjugation

and transduction (Tadakamalla & Evans, 2014).
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Resistance acquired due to plasmid transfer occurs more rapidly than resistance that involves genes
on a chromosome, this is because chromosomal mutations are exceedingly rare and if they do
occur, they occur at a very moderate rate (Giedraitiené et al., 2011). For chromosomal mutations
that results in resistance to take place, several genes are required to change before a desirable effect
is achieved. Martinez & Baquero (2000) and Giedraitiené et al. (2011) mentioned that for
Escherichia coli to become resistant to quinolone, about seven nucleotides in the gyrA gene had
to be changed to be quinolone resistant and in the parC gene, changes in only three nucleotides
conferred quinolone resistance. This therefore means that for the mutation to occur in the gyrA

gene is less likely than on the parC gene (Martinez & Baquero, 2000; Giedraitien¢ et al., 2011).

Another highly studied concept that plays a role in the development of resistance is biofilm
production (Figures 1.3 and 1.4). Many bacteria are likely to grow in biofilms which consist of a
community of bacterial and attached cells at the surface (Vu et al., 2009). These communities of
bacterial cells ‘work together’ and can be from the same or different species. The bacteria produce
polysaccharides, proteins, and amino acids which provide them with support and protection from
invaders or stressors (Hughes & Anderson, 2017). Biofilms are known to play a role in the
antibiotic resistance of most bacteria (e.g. Staphylococcus epidermis and Pseudomonas
aeruginosa) and it was also confirmed that when a sensitive strain was grown in bacterial biofilm,
it became resistant to the exposed antibiotic faster than when it was grown alone (Stewart, 2002;
Wu et al., 2015). But once the bacterium was removed from the bacterial biofilms, the bacterium
immediately restored its susceptibility to the antibiotic (Stewart, 2002). Once these biofilms have
formed, it becomes a challenge to remove them and therefore being the reason why they are not
easily killed by antibiotics or immune response (Wu et al., 2015). In cystic fibrosis, P. aeruginosa

(and other infection-causing pathogens) has been seen to form biofilms during infection which
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leads to the difficulties of treating the infection with the prescribed antibiotics (Skindersoe et al.,

2008; Jain et al., 2013; Wu et al., 2015).

Figure 1.3: Bacterial biofilms formed by planktonic bacteria to protect themselves from the

activity of antibiotic agents (Ebrey et al., 2004).

The production of antibiotics by bacteria is regulated by quorum sensing which is defined as a
mode of communication between bacterial species to regulate their gene expression in response to
an irregular population cell density. Other processes that are regulated by quorum sensing include
bioluminescence, sporulation, competence, biofilm formation, and virulence factor secretion
(Rutherford and Bossler, 2012). Quorum sensing is made possible by the production of small
signalling molecules known as auto-inducers which are produced by members of the bacterial
population. Population cell density controls the concentration the signalling molecules produced;

at low cell density, the production of these molecules is low and not enough to trigger detection
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and at high bacterial density, the molecules are produced in high amounts and therefore detection
and response is possible (Rutherford and Bossler, 2012). The figure below explains how
population cell density affects the effectiveness of the produced antibiotic. To ensure that the
antibiotic produced will be having high inhibitory effects, the bacterial community must reach a
certain concentration to be able to eradicate the targeted species. In Figure 1.4, the red line

indicates the production of the antibiotic without being affected by population density.

Killing threshold

[antimicrobial]

Producer cell number #

Figure 1.4: A graph showing how quorum sensing can mediate the production and

effectiveness of antibiotics (Hibbing et al., 2010).

It is said that when the population size is low, the effectiveness of the antibiotics is less, and this
therefore gives the targeted bacterial population time to alter their gene expression (or mutation)

and being able to survive in the presence of that antibiotic. The green line shows how the
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production of antibiotics is mediated by quorum sensing and this usually occurs when a population
density is reached. The antibiotic is then produced and released to the environment and killing or
inhibiting the targeted bacterial population without it being able to have enough time to protect

them, thus it is less likely for them to gain resistance (Hibbing et al., 2010).

1.4. Economic impact of antibiotic resistance

Antibiotic resistance, particularly that of multi-drug resistant microorganisms has an enormous
impact on human and animal health and on the economy of a country (Bennett, 2008; Hossain &
Rahman, 2014). Many of these bacteria may have been resistant to one antibiotic but with the
exposure of different antibiotics or even growing in the presence of other resistant strains have
gained other resistance mechanisms. The World Health Organization has explained that the cost
used to cover the people suffering from resistant infections is exceedingly higher than that for
patients with non-resistant infections. This is because those resistant infections require longer

hospitalization and more drugs and therefore leading to more deaths (WHO, 2016).

With many antibiotics becoming ineffective against life-threatening bacterial infections, there is a
need to develop drugs that would help reduce these resistant strains (Hossain & Rahman, 2014).
An example of an antibiotic used to treat such infections is colistin, also known as polymyxin E,
produced by certain strains of Bacillus polymyxa (Falagas et al., 2005). The mode of action of this
antibiotic is through the disruption of the bacterial cell membrane (Falagas et al., 2005; Gupta et

al., 2009; Yahav et al., 2012). The antibiotic was initially discovered in the 1940s and it was later
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determined that it produced major side effects (kidney toxicity) on patients and therefore its use
was no longer supported (Cosgrove & Carmeli, 2003; Falagas et al., 2005; Gupta et al., 2009).
After many years, colistin was re-introduced as last line of treatment to treat carbapenem-resistant
Gram-negative bacteria (Acinetobacter spp., Pseudomonas aeruginosa, Klebsiella spp. and
Enterobacter spp.) (Gupta et al., 2009; Yahav et al., 2012). It is evident that discovering new

antibiotics that are 100 % reliable (e.g. no side effects or resistance) is going to be a challenge.

The major problems surrounding resistance are the factors that contribute to its increase. The
inappropriate usage of antibiotics is a concern, whereby patients do not complete their treatment
course; do not follow the guidelines specified by the physician (misuse or overuse); the fact that
some antibiotics are commercially available at the pharmacy where the public can purchase
without the doctor’s prescription; using antibiotics for viral related infections (like the flu or colds);
prolonged stays at the hospital are also classified as a way in which patients can be infected with
hospital-acquired infections caused by multi-resistant strains (e.g. Staphylococci) (Levy, 2002;

Institute of Medicine USA, 2013; Castro-Sanchez et al., 2016; WHO, 2016).

1.5. New antibiotics

The discovery and development of new antibiotics have been one of the most challenging
problems. This contributes to the increase and demand to develop new antibiotics that do not confer
resistance (Ceylan et al., 2008; Hamamoto et al., 2014). One example that was recently discovered

but still in clinical trials is an antibiotic called teixobactin that was isolated from a Gram-negative
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soil bacterium known as Elefteria terrae (Ling et al., 2015; Piddock, 2015). The bacterium
producing this antibiotic was isolated from the soil with the use of an isolation chip (Ichip). This
technique was used to isolate bacteria that cannot be grown under normal laboratory conditions.
The antibiotic is known to be effective against Gram-positive bacteria like Clostridium difficile,
Bacillus anthraci and the multi-drug resistant bacteria such as methicillin-resistant Staphylococcus
aureus (MRSA) and Mycobacterium tuberculosis (Arias and Murray, 2015; Ling et al., 2015). The
effectiveness of the antibiotic was tested on mice infected with MRSA and M. tuberculosis and it
was found that none of them conferred resistance against the antibiotic. Teixobactin is not effective
against Gram-negative bacteria because these bacteria do not contain a target site to which the
antibiotic acts on (Arias and Murray, 2015). Piddock (2015) stated that Escherichia coli was used
as a test bacterium and was found to grow in the presence of the antibiotic. The reason behind the
observation was that E. coli could have resisted the entrance of the antibiotic due to the thickness
of the peptidoglycan it contains (which is thin in Gram-positive and was therefore able to
penetrate). Another reason could have been that E coli might have utilized one of its resistant
mechanisms to flush out the antibiotic (Piddock, 2015). In other words, the antibiotic has a narrow
spectrum as it can Kill only one group of bacteria. Figure 1.5 below shows the mode of action of

teixobactin.
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Figure 1.5: Mechanism of action of teixobactin by preventing the formation of the bacteria

cell wall (Ling et al., 2015).

Teixobactin is known to prevent the formation of Gram-positive bacteria’s peptidoglycan that is
found in the cell walls. The antibiotic binds to the peptidoglycan fatty acids molecules lipid Il and
111 which are of key importance in the formation of Gram-positive bacteria’s cell walls and this

binding therefore allows the antibiotic to kill the bacteria (Ling et al., 2015; Piddock, 2015).
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1.6. Aims and objectives of the study

Motivation

The main aim of the study was to isolate and identify a new antibiotic from soil of the Namibian
desert. The Namibian desert was chosen as a site of soil collection because of its well-known fairy
circles which are known to inhibit plant growth, and perhaps microbial growth (Meyer et al., 2015).
The soil from these fairy circles were chosen because there are no published reports on the potential

of the microbial populations from Namibian fairy circles to produce antibiotics.

Problem statement

The problem of antibiotic resistance had become one of the major setbacks in the history of
medicine. Therefore, the discovery of new antibiotics had been a challenge for many years and
this was because bacteria were evolving rapidly and became resistant to almost all known
antibiotics. Today, pharmaceutical companies have developed ways to manipulate the structures
of old antibiotics which results in the altered mode of action that will make them unrecognizable

by the previously resistant-strains.

Aims

e The main aim was to isolate a new Streptomyces strain from Namibian soil samples that

possesses antagonistic activity against bacteria.
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e Extract and identify the inhibitory compound produced by the isolated Streptomyces strain

by using different biological and chemical methods.

Objectives

e Isolation of soil microorganisms by means of serial dilution method.

e Preliminary screening of selected Streptomyces spp. to produce antibiotics using the cross-
streak method on Mueller Hinton agar media.

e Identification of soil isolates using 16S rRNA sequencing and a bio-editing program for
editing the sequences.

e Extraction and purification of crude bacterial extract using ethyl acetate,

e Direct TLC bio-autography: testing the extract for antibacterial activity.

e Structure determination of antibacterial compound using *H NMR and GS-MS.

1.7. Hypothesis

A new Streptomyces strain will be isolated from the Namib soil that exhibit good antagonistic

activity against selected bacteria.
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2.1. Introduction

2.1.1. Screening for bacterial antibiotics production

The discovery and development of antibiotics is one of the most fascinating and complex studies
in the medical industry. Microorganisms, particularly the soil-borne, are known to possess the
potential to produce antibiotics that can be used as for human infections and in agriculture (Ceylan
et al., 2008; Hossain & Rahman, 2014). The isolation and purification of these secondary
metabolites are extremely lengthy procedures and, obtaining the tangible product to be used in
treatments takes about 10 to 15 years. The very first step in the isolation and identification of novel
antibiotics is testing the antagonistic activity of the bacteria involved. The standard method that
enables such an activity is known as the cross-streak method and it involves the bacteria that
possess the potential to produce antibiotics and those tested against it (Balouiri et al., 2016). The
bacterium with the ability to produce antibiotic compounds will inhibit or suppress the growth of
those bacteria tested against it and this can be shown in a Petri dish (Velho-Pereira & Kamat,
2011). The bacterium with the potential to produce antibiotics will be streaked at the centre on the
agar plate and incubated for a week and the test bacteria are then later streaked perpendicular to
the one at the centre. After a day or more of incubation, the bacterium at the centre might have
excreted secondary metabolites in the solid media so preventing the growth of the susceptible test

bacteria and this can be seen by zones of inhibition (Balouiri et al., 2016).
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The bacterial samples (collected from soil or water or other sources) can be isolated using the serial
dilution method. The method allows us to estimate the bacterial colony size, and this can be

observed in terms of the number of colonies at a given dilution (Ben-David & Davidson, 2014).

2.1.2. Identification of bacteria by means of 16S rRNA sequencing

Several techniques are used to identify the genus and species of bacteria (Janda & Abbott, 2007).
Identification and classification of organisms can be based either on phenotypic or genotypic
features (Figure 2.1.). Those used to identify/classify bacteria based on their phenotypes (physical
attributes) are known to be less reliable because it merely provides morphological information
about the organism hence needs to be incorporated with the genotypic identification (Clarridge,
2004; Donelli et al., 2013). Methods that solely rely on phenotypic identification include Gram

staining, colony morphology and biochemical tests.

The genotypic level of identification provides us with more molecular-based information that
includes 16S rRNA sequencing and microarrays. The 16S rRNA sequencing involves the 16S
rRNA gene that forms a part of a small ribosomal subunit of the ribosome. The bacterial ribosome
is a large compartmental site producing proteins and is found in the mitochondria of all living cells.
It is made up of two subunits which are the small ribosomal subunit (30S) and large ribosomal
subunit (50S). The 30S subunit only composes of a 16S rRNA and the 50S consists of 5S RNA
and 23S RNA subunits (Clemons et al., 1999). The 16S rRNA gene (Figure 2.2) is a small portion
of a DNA that is present in all bacteria and archaea and has unique features for both identification

and classification of these organisms (Janda & Abbott, 2007). The unique characteristics that
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enables this gene to be used as an identification tool is based on its small size of 1 500 bp and
therefore giving it the advantage of being easier and faster to sequence and analyse compared to

the other bacterial genes.

l Conventional methods of bacterial detection |

1

l Culture-dependent | l Culture-independent |
r ey 1 l—'.__|
l Microbiological \ Microscopic : : Molecular
plating Biochemical tests Immunoassays raethods

Figure 2.1: Different methods employed for identification of bacteria (Bhardwaj et al.,

2017).

The gene is also known to be highly conserved and this is because the gene does not mutate over
a long period of time. This gene is known as an orthologous gene meaning that it performs the
same function throughout evolution or history and therefore enables us to identify different species
that have a common ancestor. And for this reason, 16S rRNA sequencing is better known for its
ability to identify newly isolated pathogenic bacteria and bacteria that cannot be cultured in the

laboratory (Baker et al., 2003; Clarridge, 2004).
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The primers that were used in this study were the two universal primers, the forward primer 27F
and the reverse primer 1492R. The reason why these primers were considered as universal was
because they are known to align very well to the highly conserved regions (Figure 2.2) of the 16S

rRNA gene and these conserved regions are shared amongst many bacterial species (Frank et al.,

2008).

A
cC1 V1 V2 (0 V3 C3 V4 C4 V5 C5 V6C6C7V7 V8 C8voCc9
5N .- AR

1 100 200 30C 400 500 600 700 80C 900 1000 1100 1200 1300 1400

B

For illustration: an E. coli 16S xRNA sequence ggtccagact Ctgg E
361 ggaatattgc acaatgggcg caagcctgat gcagccatge cgcgtgtatg aagaaggect
421 tcgggttgta aagtacttt
481 gaag caccggctaa tgcca gcagececgegqg taalYelafst-Tef
541 ggtgcaagcg ttaatcggaa ttactgggcg taaagcgcac gcaggeggt
601 cttgagtctc

661 gtagaggggg gtagaattcc aggtgtageg gtgaaatgeg tagagatctg gaggaatacc

721 ggtggcgaag gcggccccct ggacgaagac tgacgctcag gtgcgaaage gtggggagca
li:llaacaggatta gataccctgg tagtolEtelsle m

Figure 2.2: The 16S rRNA gene sequence of E. coli showing different sites of the conserved
regions targeted by the universal primers. Conserved regions are highlighted in pink and

variable regions are highlighted in green (Rom et al., 2011).

In the study conducted by Frank et al. (2008) they explained that the forward 27F primer binds the
positions from 8 to 27 and the reverse primer 1492R amplifies from 1 492 to 1 507 and this was
observed from the 16S rRNA of E. coli. However, it has been mentioned that these two primers
were not as universal as the name suggests, and this was because they were unable to align to the

16S rRNA gene of some bacteria (Baker et al., 2003; Rom et al., 2011; Fredriksson et al., 2013).
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This does not mean that the 27F and 1492R primers cannot be used for sequencing anymore but if

they do not work, there are many other primers that are used and align effectively to the gene.

The soil used for isolation was collected from Namibian desert sand. The soil samples were
collected from the outside and inside of fairy circles and from underneath dead Euphorbia
gummifera plants (Meyer et al., 2015). The aim of this chapter was to isolate and identify
Streptomyces spp. that have antibacterial activity against other bacteria. The selected test bacteria
were the four known pathogens (Escherichia coli, Staphylococcus aureus, Proteus vulgaris and
Achromobacter xylosoxidans) and two bacteria isolated from the Namibian soil. The soil isolates

were identified using the 16S rRNA sequencing technique.
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2.2. Materials and methods

2.2.1. Isolation of soil isolates

2.2.1.1. Sample collection

Soil samples were collected from the inside and outside of fairy circles and from underneath dead
E. gummifera plants in Garub, Namibia (coordinates 26.5953° S, 15.9436° E). The samples were

stored into 250 ml plastic bottles for further studies.

2.2.1.2. Isolation of soil microbes

Soil microorganisms were isolated by means of the serial dilution method. The stock solution was
prepared by diluting 1 g of each soil sample in 9 ml of distilled water and vigorously vortexing it
for 10 seconds. From each stock solution, 1 ml was used to make the final volumes of 10 to 107
ml by serial dilution. An amount of 0.1 ml of each serial diluted sample was transferred into tryptic
soy agar plates by means of the spread plate method (Figure 2.3). The plates were labelled and
incubated for 7 days at 25 °C. The agar tryptic soy agar was prepared as follows: 15 g of tryptic
soy agar was added into 1 000 ml of distilled water. The solution was autoclaved at 121 °C for 1

hour. The medium was left to cool off and poured into 30 Petri dishes until solid.
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1ml 1ml 1ml 1ml 1mi
Original 9 ml broth [
inoculum in each tube
Dilutions 1:10 1:100 1:1000 1:10,000 1:100,000
11 ml 11 ml 11 ml 11 ml 11 mi
o ‘ ‘ ‘ . .
1:10 1:100 1:1000 1:10,000 1:100,000

Figure 2.3: Serial dilution method used to isolate bacterial colonies from soil samples of the

Namibian fairy circles (Society for General Microbiology, 2003).

2.2.2. ldentification of soil isolates

2.2.2.1. DNA extraction

DNA extraction was conducted using the Quick-gDNA™ Mini-prep kit purchased from Ingaba
Biotech Ltd. Bacterial colonies were transferred into tubes containing 700 ul of genomic lysis
buffer and thoroughly vortexed. The mixture was then transferred into a Zymo-spin 11C column
in collection tubes and centrifuged at 10 000 rpm for 1 minute. After centrifugation, 200 pl of
DNA pre-wash buffer was added to the spin column tubes and centrifuged at 10 000 rpm for 1
minute. The spin columns were transferred to clean 1.5 ml Eppendorf tubes (this was because the
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spin column tubes were small and did not fit in the centrifuge that was used), 75 ul of DNA elution
buffer was added to the spin columns, incubated at room temperature for 2-3 minutes and then
centrifuged at 14 000 rpm for 30 seconds to elute the DNA. The concentrations and qualities of
the extracted DNA were measured using a NanoDrop ™ 2 000 spectrophotometer. To ensure the
presence of DNA, a 1.2 % agarose electrophoresis gel was prepared by heating 0.9 g agarose
powder and 90 ml tris-acetate-EDTA (TAE) in beaker and adding 0.5 ug/ml ethidium bromide
(EtBr). A volume of 5 ul of each DNA sample was run on agarose gel at 90 V and 400 mA for 40
minutes. The agarose gel was visualised under UV light using a Molecular Imager ® Gel Doc XR

System that is equipped with the Image Lab ™ software.

2.2.2.2. Agarose gel electrophoresis

A master mix for one reaction tube was prepared in a 1.5 ml Eppendorf tube containing 2.5 pl of
buffer, 2.0 pl of dNTPs, 2.0 ul of MgCl,, 0.5 pl of forward primer (27F - 5°-
AGAGTTTGATCCTGGCTCAG-3’), 05 ul of reverse primer (1492R - 5°-
GGTTACCTTGTTACGACTT-3"), 16.85 ul of nuclease free water (NF-H20), 0.15 pl of Taq
polymerase and 0.5 ul of extracted bacterial DNA (18.9 ng/ ul). The reactions were always mixed
and kept on ice. The reactions were then transferred into PCR tubes and spun down in a mini-
centrifuge at maximum rpm to remove bubbles. The tubes were placed in a PCR machine with the
following PCR reaction cycles: initial denaturation at 94 ‘C for 3 minutes followed by 30 cycles
of denaturation at 94 “C for 30 seconds, annealing at 58 “C for 1 minute, extension at 72 "C for 1
minute, and a final extension at 72 "C for 5 minutes. The positive control reaction contained the

16S rRNA gene from Staphylococcus aureus and the negative control reaction contained all the
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reagents except the DNA sample. The primers were purchased at Ingaba Biotech Ltd and were

diluted 10 times.

A 1.2 % agarose electrophoresis gel was prepared by heating 0.9 g agarose powder and 90 ml TDA
in a beaker and added 0.5 pg/ml ethidium bromide (EtBr). A volume of 5 ul of PCR products were
run on agarose gel at 90 V and 400 mA for 40 minutes. The agarose gel was visualised under UV
light using a Molecular Imager ® Gel Doc XR System that is equipped with the Image Lab ™
software. The PCR products were cleaned by Sephadex G50 in which 3 g of Sephadex G50 powder
was weighed and added into 450 ml double distilled water (ddH20). This was heated until a slurry
was formed and cooled to room temperature. A volume of 650 pul of the slurry was added into an
Eppendorf tube and span at 720/750/770 rcf for 2 minutes. The PCR reaction was carefully placed
in the middle of the column in a new tube and spun for 2 minutes. The eluted liquid was a clean

PCR product.

2.2.2.3. Sequencing PCR

A master mix for one reaction tube was prepared in a 1.5 ml Eppendorf tube containing 1.0 pl of
big dye, 1.5 pl of sequencing buffer, 1.6 pl of forward primer (0.5 uM), 2.9 ul ddH20 and 0.5 pl
of bacterial DNA. The reactions were always mixed and kept on ice. The reactions were then
transferred into PCR tubes and span down in a mini-centrifuge at maximum rpm to remove
bubbles. The tubes were placed in a PCR machine with the following PCR reaction cycles: 25
cycles of denaturation at 96 "C for 10 seconds, annealing at 55 'C for 1 minute and extension at 60

‘C for 4 minutes. The sequencing PCR products were cleaned using Sephadex G50 (method
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described above). The clean sequencing PCR products were submitted to the Forestry and
Agricultural Biotechnology Institute (FABI) at University of Pretoria for sequencing. The
sequences were obtained and analysed in National Center for Biotechnology Information (NCBI)

GenBank.

2.2.3. Screening of Streptomyces spp. isolates for antibacterial activity

The antagonistic activity of Streptomyces spp. were determined by using the cross-streak method
described by Kumar et al. (2014) and this was done on Mueller Hinton agar (MHA) (Figure 2.4).
A Streptomyces sp. was streaked at the centre of the plate and incubated at 25 °C for 7 days. Then
after 7 days, a fresh culture of test organism (Kocuria sp. and Microbacterium sp.) was streaked
perpendicular to the bacterium at the centre. The plates were incubated at 37 °C for 24 hours. The
Streptomyces sp. was also tested against the four known pathogens (E. coli, S. aureus, P. vulgaris
and A. xylosoxidans). The control plates were prepared without the Streptomyces sp. The sizes of

inhibition zones were recorded.

Streak of isolated bacterium ‘

Streak of test bacterium ‘

Clear zone

Figure 2.4: Screening of a Streptomyces sp. against two selected test soil isolates.
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2.3. Results and discussion

2.3.1. Isolation of soil isolates by serial dilution

The soil samples that were used for isolation were collected from the inside and outside of fairy
circles and underneath dead E. gummifera plants in Namibia. A serial dilution method was used to
isolate the bacteria shown in Figure 2.5. Most plates from serial dilutions of the soil samples from
the inside and outside contained bacteria that were forming biofilms and based on these outcomes,

they were excluded from the study.

Figure 2.5: Serial dilution plate of the Namibian dead E. gummifera plant’s soil showing

different bacterial colonies.
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The soil sample from the dead plants however, produced bacterial colonies of distinct species
(Figure 2.5). This observation was solely based on the morphology (shape) and colour of the
colonies. The medium that was used, Tryptic soy agar, gave good results and clearly supported the
growth of many different bacteria. A study conducted by Oskay et al. (2004) mentioned that the
growth and maintenance of soil microorganisms can be negatively affected by metabolites
produced by plants which might impact the number of actinomycetes especially isolated from the
soil. One bacterial species from the genus Streptomyces was isolated in pure cultures (Figure 2.6)
and based on their potential to produce antibiotics, were used for further studies. Other soil bacteria
(named A, B, C and D) that were isolated in this study were tested for susceptibility against the
isolated Streptomyces species. These test bacteria were chosen because in the preliminary
screening results the isolated Streptomyces species exhibited antagonistic activity against them

(further discussed below).

Figure 2.6: Pure culture of the isolated Streptomyces sp. used for the antibiotic study.
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The colonies of the Streptomyces sp. were powdery white in colour and did not spread out like
normal bacterial colonies. The other observation was they changed the medium from yellowish to
a darker brownish colour (Figure 2.6). This change of colour is due to the release of pigments that

are produced during secondary metabolites production (Procépio et al., 2012).

2.3.2. Antibacterial screening of isolated Streptomyces spp. against other

non-Streptomyces soil isolates

Figure 2.7 shows how selected soil bacteria (A and B) grew individually without any competition
(the presence of other bacteria) and these served as negative controls. The media that was used

was Mueller Hinton agar which clearly supported the growth of all the bacteria that were used in

this study.

Figure 2.7: The plates showing negative controls of soil bacteria A (1) and B (2) grown on

their own and the Streptomyces sp. (3).
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A cross-streak method was performed and from the observation of the results (Figure 2.8), the
Streptomyces sp. at the centre exhibited very good inhibition against soil bacteria A, B, C and D
but less against four pathogens, E. coli, S. aureus, P. vulgaris and A. xylosoxidans (Appendix,
Figure 5.1). These results showed that the Streptomyces sp. might possess the potential of
producing antagonistic compound(s) that is active against especially bacteria A to D. Velho-
Pereira & Kamat (2011), also conducted a similar study where they isolated 30 actinobacteria and
16 of them belonged to the Streptomyces genus. From these 30 isolates, 28 showed to have good
antimicrobial activity against all of their eight tested microorganisms (five Gram-positive bacteria,
two bacteria Gram-negative and one yeast species). Valli et al. (2012) were able to isolate 21
actinomycetes from a marine environment which were tested against 10 test organisms. Two of
the 21 isolates were identified as Streptomyces species and they showed to have more antibacterial

activity compared to the other isolates.

Oskay et al. (2004) isolated 50 actinomycetes from soil samples and 17 of them were antibacterial
against their selected test bacteria which included Gram-positive and Gram-negative bacteria.
Based on the morphological analysis of the isolated bacteria they concluded that seven of those 17
bacteria belonged to the genus of Streptomyces. George et al. (2010) also concluded that
Streptomyces spp. had good antagonistic activity against some of their test microorganisms such
as E. coli and Salmonella typhimurium. In another study, Hossain & Rahman (2014) isolated
Streptomyces spp. from soil samples and tested them for antagonistic activity against several fish
and human pathogenic bacteria. They reported that one of the Streptomyces sp. showed good

results against all tested pathogens.
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Figure 2.8: Streptomyces sp. (centre) tested against four isolated bacterial species (A, B, C

and D) using the cross-streak method done on MHA medium.

It is believed that the distribution of secondary metabolites amongst organisms is dissimilar with
the filamentous actinomycetes, unicellular bacteria (especially Bacillus and Pseudomonas species)
and some other eukaryotic fungi having more diverse metabolites (Berdy, 2005). The Streptomyces
genus is known to produce most of the commercially used antibiotics (Berdy, 2005; Ceylan et al.,
2008; George et al., 2010) and with the antimicrobial activity results found in this study and other,

it clearly shows that this genus is indeed exceptional.
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2.3.3. lIdentification of soil isolates using 16S rRNA sequencing

After conducting PCR, the 16S rRNA gene was isolated and is represented by the bright white
bands shown in Figure 2.9 and it is evident that all the isolated bacteria had the gene present. The
presence of the gene indicates that the organisms are indeed of bacterial origin. The 16S rRNA
gene that was used as a positive control was isolated from a Staphylococcus aureus (Appendix,

Figure 5.3).

The two primers that were used for PCR were the frequently used primers, 27F (forward primer)
and 1492R (reverse primer). Fedriksson et al. (2013) mentioned that these two primers were
considered as good primers because they are known to amplify almost the whole of the 16S rRNA
gene sequences of bacteria. The results clearly showed that the primers were able to align to the
sequences of the gene of the bacteria. The PCR bands were clear, indicating no contamination

from primers (Figure 2.9).

The sequences acquired from the sequencing facility were edited with the use of a Bio-Edit
Sequence Alignment Editor (Figure 2.10). The bio-edit software is used to align and analyse DNA
bases obtained from the subject sample and help construct a sequence for the sample to be
identified. It can be seen from Figure 2.10 that the peaks or waves representing DNA bases with
each base represented by a different colour. By making use of the given information, one can
construct a sequence. There are, however, some unidentified bases which were depicted by the
letter N, meaning that the sequencer could not distinguish between the four DNA bases at that

peak/wave hence naming it N instead (Carridge, 2004).
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bk e S TR T WG

1500 bp

Figure 2.9: Gel electrophoresis analysis of the amplified 16S rRNA gene from the

Streptomyces species and soil isolates.

The first few bases were represented by a string of N’s and do not show any peaks or peaks are
low and unorganized. After base 12, the string of N’s continues until base 35 and these were
excluded for sequencing as they are poorly resolved. Several N’s can also be observed at the end
of the sequence making it difficult to read the rest of the sequence. In this case, these unidentified
bases were deleted therefore reducing the size of the gene sequence. After base 35, the sequence
bases were identifiable, however in between this sequence, the letter N can still be seen. In the
middle of the chromatogram, the peaks are long and organized and well resolved and therefore the
sequence could be used. At some of the locations where there was the letter N, there were two or

more peaks representing the identified DNA bases. By determining the height and the colour of
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the peaks, the one that was higher was then inserted at that location. These overlaps were known
to be caused when a primer has multiple alignment sites on the sequence which was observed when
the PCR product on the gel electrophoresis had a few bands in one lane. To obtain a good DNA
sequence, one must always make sure that the DNA that is used is properly cleaned and that all
impurities such as primer dimers, salts, ANTPs, etc have been removed. To confirm all of this, a
PCR product can be run on a gel. Carridge (2004) stated the reduced sequences can still be used
for BLAST and obtain an accurate genus or species identification. It is therefore desirable to
possess the complete gene (1 500 bp long), typically when trying to identify new species. The bio-
edit software was used to construct sequences and were later subjected to BLAST, to enable the

identification of the bacteria isolated.

After removing some of the unidentified bases from the sequence, 594 bp were recovered for
sequencing. The sequence length from the database was 1 440 bp and this was used to align to the
sequence. From the alignment results, it was shown that bacterium A shared 100 % identity to
Kocuria turfanensis strain HO-9042 (Figure 2.11). The Kocuria genus belongs to the Gram-
positive bacteria that produce bright orange colonies which grow under aerobic conditions and is
known for their inability to form endospores (Zhou et al., 2008). It was reported to be susceptible
to the action of antibiotics like ampicillin, carbenicillin and erythromycin and some species of this
genus were found to be tolerant in up to 15 % of NaCl (Goswami et al., 2014; Dai et al., 2016).
The Kocuria genus was previously grouped under the genus Micrococcus and separated by
Stackebrandt et al. (1995). Goswami et al. (2014) mentioned that this genus can be found in
different environments like air, soil, fermented sea food, mammalian skin, the rhizoplane,

freshwater, seawater, marine sediment, and desert soil (Zhou et al., 2008).
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Figure 2.10: The chromatogram that was used to edit sequences of a given sample to help with the identification. The letters (A, G, C

and T) depicted in different colours represents DNA bases and the letter N represents any of the bases.
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Bacterium C showed to possibly be a bacterium known as an uncultured Microbacterium sp.
clone 1c05 with 99 % identity (Figure 2.12). The bacteria of the genus Microbacterium are
rod-shaped and exhibit yellow colonies in agar media (like bacterium C). They are found in
soil, water, milk and cheese and were reported to be found in clinical specimen (Takeuchi &
Hatano, 1998). Swerczek (2007) was studying diseases that are caused by bacteria in female
horses when he found that some of the bacteria responsible for early and late fetal loss
syndrome was caused by plant bacterial endophytes like Microbacterium spp. and Cellumonas
spp. Kelly et al. (2009) reported Microbacterium sp. as one of the bacteria that caused spoilage
in commercial milk samples collected from diary plants. Laffineur et al. (2003) isolated a
bacterium species from the blood of a child with acute lymphoblastic leukaemia and with the
use of 16S rRNA they identified the bacterium to belong to the genus Microbacterium. Since
this strain differed phenotypically from other Microbacterium species it was classified as a new
species and was named M. paraoxydans. One of the phenotypic characteristics that set it apart
from other M. paraoxydans was that it could grow under 37 °C. In the current study, similar

findings were observed with the Microbacterium sp. that was isolated.

The isolated Streptomyces sp. showed to most probably be Streptomyces parvulus strain R5-
344 with a 100 % identity. A S. parvulus bacterium was previously isolated from soil samples
and found to produce a polypeptide antibiotic called actinomycin D, which inhibits the
synthesis of RNA of other bacteria. This strain has been proven to have antibacterial effects on
pathogens such as S. aureus, E. coli, P. aeruginosa and B. subtilis (Shetty et al., 2014). As it
was mentioned in the previous chapter, the isolated Streptomyces sp. in the current study

inhibited four soil isolates effectively but the selected known pathogens less effectively.
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Figure 2.11: The diagram shows the alignment between the edited sequences of
bacterium A (query) vs the sequence found on the database (subject). This alignment

identified bacterium A as a Kocuria turfanensis HO-9042.
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The diagram shows the alignment between the edited sequences of

bacterium C (query) vs the sequence found on the database (subject). This alignment

identified bacterium C as previously uncultured Microbaterium sp. clone 1c05.
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Figure 2.13: The diagram shows the alignment between the edited sequences of the
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Streptomyces bacterium (query) vs the sequence found on the database (subject). This

Streptomyces sp. is most likely Streptomyces parvulus strain R5-344.
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2.4. Conclusion

A Streptomyces species most likely, S. parvulus strain R5-344 was isolated from a dead E.
gummifera plant’s soil sample collected from the Namibian Desert. The bacterium was
identified based on both morphology and with the use of 16S rRNA sequencing. This
Streptomyces sp. has been shown to have inhibited the growth of bacteria A, B, C and D and
to a lesser extent selected known pathogens, proving that it might have the ability in producing
antibacterial compounds. Two of the isolated soil bacteria investigated in the study were
identified as follows; bacterium A is most probably Kocuria turfanensis HO-9042 with a 100
% identity and bacterium C is probably an uncultured Microbacterium sp. clone 1c05 with a

99 % identity.
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3.1. Introduction

Thin layer chromatography (TLC) is one of the most used chromatographic techniques in the
detection of metabolites in a sample. This technique has been used over many years and still is
important today because it is easy, quick and cheap to carry out (Rhee et al., 2001; Sherma &
Fried, 2003; Suleiman et al. 2010; Balouiri et al., 2016; Grzelak et al., 2016). TLC was used as
the starting point to analyse the metabolites that are found in the bacterial extracts of
Streptomyces. The separated compounds were analysed with the use of a direct TLC bio-
autography. Bio-autography is a biological assay that is used to identify active compounds
from biological extracts (Suleiman et al., 2010; Jesionek et al., 2015). Apart from direct TLC

bio-autography, there are also two other types of bio-autography (Figure 3.1).

Agar diffusion or contact bio-autography uses a developed TLC plate that is placed face down
on an agar plate containing a fresh bacterial culture and this allows the antimicrobial
compounds to diffuse through the agar plate. Agar overlay or immersion bio-autography
involves poring an agar medium onto the TLC plate and this type of bio-autography is known
to be the combination of the of direct and contact bio-autography (Rios et al., 1988; Islam et
al., 2003; Suleiman et al., 2010; Choma & Grzelak, 2011; Dewanjeea et al., 2014). Of all the
bioautographic methods, the direct TLC bio-autography is mostly used (Choma & Grzelak,

2011; Balouiri et al., 2016).

Bacteria can produce compounds that are harmful to other bacterial species and other
microorganisms (Asha-Devi et al., 2011). These compounds (antibiotics) can be difficult to
isolate as they are produced in small quantities. There are two ways in which antibiotic
compounds can be isolated from its producer. The first method would be to extract the

compound directly from the agar. This will be done by cutting the agar into smaller cubes and
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extracting the compound using a suitable extraction solvent for few hours or days (Uzair et al.,
2008). This method, however, would require many agar plates due the small concentration of

the compound being produced by the producer.

7

Bioautography
..

A £ <
contact immersion/overlay direct
bioautography bioautography bioautography

m immersion in agar m dipping in broth

m overlay with agar m spraying with broth
thick agar Iayerq thin broth Iayerq

f / "o' \ / ; /

(HP)TLC plate

Petri dish

Gaierimage) I.M. Choma, W. Jesionek, Instrumental TLC, ed. C.F. Pool, chapter 11

Figure 3.1: Bioautographic methods, namely contact bio-autography, overlay bio-
autography and direct TLC bio-autography. These methods are used to localize

antimicrobial compounds of a given extract (Choma & Jesionek, 2015).

The second method is fermentation and there two described processes of it. The first method
is called submerged fermentation and is carried out in a liquid broth that has nutrients that are
required for the producer’s growth (Doriya et al., 2016). The solution would then be incubated
for 24 hours or more and then centrifuged to remove all the cell debris. The second method is
solid substrate fermentation that uses substrates like rice or wheat bran and are added to the
medium. The solid substrate fermentation is the favoured one because it is easy to carry out, is

cost effective and produces high yield of the desired compound (Sandhya et al., 2005).
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There are several analytical methods that are used to determine the structure of an isolated pure
compound. Nuclear Magnetic Resonance (NMR) spectroscopy is one of the tools mostly used
in structure elucidation and can be used to study and search for new compounds produced by
organisms. The technique plays an important role in most fields of science, especially
chemistry and physics but has recently gained recognition in medicine and other disciplines.
NMR-based metabolomics can be used in disease diagnosis and in drug development (Kayser
& Quax, 2007; Emwas et al., 2015). With the diagnosis of some diseases there were several
factors that were discovered to have major impacts on the use of NMR-based metabolomics
like the age of the person, the type of food the person consumes, the sex of an individual, the
way they live their lives and other related factors (Emwas et al., 2015). Metabolomics is defined
as a technique used to study both the quality and quantity of all metabolites in a biological

system (Kayser & Quax, 2007).

There are two main types of NMR; *H NMR and *C NMR. In *C NMR, each peak represents
a carbon atom in a molecule and the higher the electro-negativity the atom that is next to the
carbon atom, the higher the value of the chemical shift (ppm). This study only focuses on H
NMR. In 'H NMR, each peak represents a hydrogen and if these hydrogen atoms are in the
same environment they will be at the same chemical shift (ppm value) and the peak will be
higher depending on how many hydrogen atoms are in the same chemical environment.
Molecules which contain long alkane chains will have lower ppm values (chemical shifts) on
the NMR spectrum, molecules with aromatic rings will have ppm values of about 7 to 9 ppm
and those molecules that contain atoms that are high in electro-negativity (oxygen, nitrogen,
bromine, etc.), will have even higher ppm values. Another method used in the identification of
compounds, is Gas Chromatography-Mass Spectrometry (GC-MS). GC-MS is an analytical
method that is used in different fields of science to identify and characterize volatile

compounds and their masses in chemical and biological samples (Sneddon et al., 2007). The
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identity of the compounds can be based on the size and fragmentation pattern of the compound

and the area of the peak (Usha, 2011).

The aim of this chapter was to purify and identify the compound(s) that was antagonistic
against four of the tested bacteria of which Kocuria turfanensis strain HO-9042 and
Microbacterium sp. Clone 1c05, isolated from Namibian desert soil, was identified. The
technique that was chosen to extract the compound, TLC bio-autography, identified bioactive
regions which were scrapped off from the plates and then analysed with *H NMR and GC-MS.
This method was chosen because it’s usually more efficient to obtain pure compound(s) from

the plates in small quantities for NMR and GC-MS analyses.
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3.2. Materials and methods

3.2.1. Extraction of secondary metabolites

The Petri dish plates for this experiment were prepared as follows: 38 g of Mueller Hinton agar
(MHA) was added to a 1 L glass bottle containing 1 000 ml of distilled water. The solution was
mixed and autoclaved at 121 °C for 1 hour. The agar was let to cool off and poured into 30
Petri dishes to solidify. The Petri dish plates with Streptomyces parvulus only were incubated
at 25 °C for 7 days. After 7 days, the test bacteria (K. turfanensis and Microbacterium sp.) were
streaked perpendicular to the S. purvulus culture and incubated at 37 °C for 24 hours. Clear
zones from 30 Petri dishes (K. turfanensis and S. parvulus) were cut out and used to extract
possible secondary inhibiting compounds. An amount of 200 ml of ethyl acetate was added
into a 1 L conical flask containing the cut agar from 30 MHA plates, placed on a magnetic
stirrer shaker at room temperature for 2 hours and was re-extracted 3 times to get all the
metabolites from the agar. The same procedure was conducted with Petri dishes of control
plates with no bacterial cultures. The total volume of each sample after extraction was about

600 ml and was filtered to remove unwanted material.

3.2.2. TLC Bio-autography

TLC separation of extracted compounds was conducted following the method of Jesionek et
al. (2015) with modifications. The ethyl acetate extracts were applied manually in 5 mm bands

on silica TLC plates (Merck) of 20 cm X 20 cm, and the TLC plates were developed with a
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mobile phase mixture of ethyl acetate: hexane (9:1) to an 8 cm distance in a glass chamber. All
TLC separations were performed at room temperature (25 °C). After chromatographic
separation, the adsorbent layers were dried at room temperature overnight to remove the mobile
phase completely. This procedure was done with the Microbacterium sp. and the K. turfanensis
grown in the presence of S. parvulus as well as negative control plates without bacterial
extracts. Separated compounds were visualized with both UV light and vanillin by spraying it

only along the edges of the plates, with the middle sections being covered with aluminium foil.

For the bio-autography, Mueller Hinton broth was prepared by adding 38 g into a 1L glass
bottle containing 1 000 ml of distilled water. The solution was mixed and autoclaved at 121 °C
for 1 hour. Bacterial colonies of K. turfanensis and Microbacterium sp. were inoculated in 100
ml MHB and incubated in a shaker incubator at 37 °C for 24 hours. After incubation, the
bacterial liquid culture was centrifuged at 3 000 rpm for 10 minutes. A volume of 100 ml of
freshly prepared MHB was added into a flask containing the bacterial pellet and stirred on a
shaker for 5 minutes. The developed TLC plates were dried and then sprayed with the freshly
prepared bacterial cell suspensions and then placed into a humid plastic box and incubated at
37 °C for 24 hours. After incubation, the plates were sprayed with INT (p-lodonitrotetrazolium
violet) solution (2 mg /10 mL) along a 1 cm edge of the plates and further incubated at 37 °C
for 24 hours. The visualization of the inhibition zones of the separated compounds was based
on dehydrogenase activity of metabolically active bacteria. This enzyme converts the yellow
tetrazolium salt, MTT, into purple formazan. Thus, the inhibition zones were visible as clear
bands against a purple background. The inhibition band was scraped off from 8 TLC plates at
the same Rt value, then placed in a flask containing 200 ml of ethyl acetate. The flask was
incubated on a shaker at room temperature for 2 days. The sample was then filtered, dried and

weighed to be used later for chemical analysis.
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3.2.3. NMR analysis

The 'H NMR was conducted on a Varian 200 MHz spectrometer (University of Pretoria,
Department of Plant and Soil Sciences). The samples were completely dried for 3 hours using
a geneVec machine (GenVec® EZ-2 PLYS). The samples were weighed (5.2 mg for extract and
3.5 mg for control) and dissolved in 700 ul of deuterated acetone and dissolved by ultrasonic
treatment for 1 minute and transferred into a 5 mm NMR tubes for processing. For each
spectrum, 1 000 scans were recorded. The temperature was kept constant for each run at 25 °C

and all the spectra were referred to their respective internal standards.

3.2.4. GC-MS analysis

Extracts of 1 mg extract/ml were prepared in distilled acetone (Merck) and analysed on a
Shimadzu GC-MS-QP2010 with an electrical current of 70 eVV. The compounds were separated
using a Rtx — 5MS column (29.3 m x 250 um x 0.25 um i.d.; 0.25 um df) with helium as carrier
gas. Splitless injections of 1 ul were performed, with both the injector and detector temperature
set at 300 °C. The oven temperature program was set at an initial temperature of 50 °C and
held for 2 minutes, thereafter the temperature was increased to 300 °C at a rate of 10 °C per
minute and held at 300 °C for 5 minutes, bringing the total run time to 30 minutes. The
respective spectra were analysed using the Shimadzu GC-MS Lab Solutions software version

4.2.
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3.3. Results and discussion

3.3.1. Extraction of secondary metabolites and visualizing of the

compounds using TLC

The TLC technique was conducted to separate the extracts’ constituents of Streptomyces
parvulus (Jesionek et al., 2015; Valle et al., 2016) and the agar control. The compounds on the

developed TLC plates were visualized with the use both UV light (short 254 nm and long 365

nm wavelengths) and vanillin (Figure 3.2).

Figure 3.2: TLC plates of agar extractions of the control (no bacteria present) and agar
from plates containing Streptomyces parvulus as well as other bacteria. The first band is
the control, the second is sample A with K. turfanensis grown with S. parvulus and the
third band is sample C with Microbacterium sp. grown with S. parvulus. 1. Samples
visualized under short wavelength; 2: Samples viewed under long wavelength; 3: TLC
plates sprayed with vanillin. The highlighted area in 1 represents the bands that absorb

short wave UV light and only found in sample A and C.
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Sherma & Fried (2003) mentioned that compounds that can absorb UV light are compounds
that are aromatic, conjugated and unsaturated. As it can be seen in Figure 3.2, the compound(s)
of interest (highlighted in red) absorbed UV under the short wavelength but only limited under

long wavelength.

3.3.2. Antibacterial activity using direct TLC bio-autography

Soil microorganisms are known for their production of bioactive compounds and have been
studied for many years. These bioactive compounds have been found to be antibacterial,
antifungal and antitumoral (Rios et al., 1988; Berdy, 2005; Choma & Grzelak, 2010; Grzelak
et al., 2016). In the direct-TLC bio-autography method that was conducted for our study, the
ethyl acetate extract of a S. parvulus strain R5-344 that was isolated had shown to be active
against one of the selected test bacteria, Microbacterium sp. and it can be seen by a clear white
band against the purple background illustrated by a schematic diagram in Figure 3.3. Usha
(2011) had conducted a similar study on a newly isolated Streptomyces parvulus KUAP106
and observed that extracts of ethyl acetate contained high antibiotic activity compared to the
extractions with n-hexane, benzene and xylene. Another similar study by Ghadin et al. (2008)
have reported that the ethyl acetate extract of endophytic Streptomyces sp. was active against
pathogenic bacteria such as Pseudomonas aeruginosa and Bacillus cereus compared to xylene
and n-hexane extracts. A study done by Parthasarathi et al. (2010) also used ethyl acetate as
one of their extraction solvents and had shown that the ethyl acetate extracts of Streptomyces
hygroscopicus produced better activity than against their other test pathogenic bacteria. Deepa
et al. (2011) similarly found that the ethyl acetate extract of an isolated Streptomyces sp. is

active against a Microsporum species.
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Figure 3.3: A schematic diagram of TLC bio-autography method showing a white area
indicating the inhibition of the tested sprayed bacteria by the ethyl acetate extract of the

isolated Streptomyces parvulus strain R5-344 used in the study.

The use of an appropriate solvent system is very important in TLC bio-autography. The
solvents should be highly volatile and have a low boiling point which makes them easily
removable by air-drying overnight. The reason behind this is that some solvents don’t
evaporate completely and therefore inhibit the growth of the sprayed microorganisms and
interfere with the results (Islam et al., 2003; Grzelak et al., 2016). In this study ethyl acetate
and hexane were used which evaporate easily when left overnight. Another important factor
was to determine the R value of the compound of interest and the value was 0.76. The Rt value
is measured as the distance travelled by the compound divided by the distance travelled by the

solvent, so the higher the R¢ value the higher the affinity for the solvent (Bele & Khale, 2011;

80



Pavia et al., 2015). Compounds with larger R value are said to adhere less to the stationary
phase (which is polar) and therefore move faster on the TLC plate (Bele & Khale, 2011). From

the given explanations we can conclude that the antibacterial compound is non-polar.

3.3.3. Analysis of the extract using Nuclear Magnetic Resonance and Gas

Chromatography-Mass Spectrometry

After testing the extract for antibacterial activity, the extract was subjected to NMR. The mass
of the control extract was 3.5 mg and for the S. parvulus strain R5-344 extract was 5.2 mg. The
agar control was done to compare with the S. parvulus strain R5-344 extract. The two spectra
shown in Figure 3.4 represent the control extract (in blue) and the bacterial extract (in red).
There are several similar peaks between the two spectra, but also a few differences. The area
in the red box showed a peak at a chemical shift of 4.73 ppm that was only present in the extract
and not in the control. The region between chemical shifts of 4.15 ppm and 4.35 ppm of the
extract spectrum (Figure 3.4 — blue box), had different peaks when compared to that of the
control. This region is known to contain ester molecules, and this supported the results that
were found in GC-MS, in which two of the identified compounds contained ester functional

groups.
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Figure 3.4: 'H NMR spectrum of agar control (blue) stacked over the 'H NMR spectrum

of the S. parvulus extract (red). Unique peaks on the extract spectrum are seen at

chemical shift of 4.73 ppm (red box) and region between 4.15 ppm and 4.35 ppm (blue

box).

Another difference was spotted at a chemical shift of 0.90 ppm (Figure 3.5) which was only

found in the inhibition band and not the control. The peaks in that area represent compounds

that are long chain molecules of terpenoids, fatty acids or alkanes. Terpenes in bacteria,

particularly actinomycetes, are not widespread as in plants and fungi (Rabe et al., 2013;

Yamada et al., 2015).
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Figure 3.5: 'H NMR spectrum of control (containing silica and solvents only) (green)

stacked over the *H NMR spectrum of the inhibition zone’s extract (red). A new doublet

peak on the extract spectrum is seen at chemical shift of 0.90 ppm.

The two major groups of terpenes isolated from bacteria are hydrocarbon and alcohol terpenes

and it was also mentioned that these terpenes (e.g. Geosmin) are responsible for the “earthly”

smell of the soil (Scholler et al., 2002; Yamada et al., 2012; Yamada et al., 2015). Terpenes are

known to play a role as antimicrobial and antitumor agents, pigments and hormones (Rabe et al.,

2013).

GC-MS was conducted to identify the volatile compounds present in the ethyl acetate extract of

S. parvulus strain R5-344. The GC-MS spectrum of the purified compound was compared to the
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GC-MS spectrum of the control (silica) (Appendix, Figure 5.4 and 5.5) and from that the peaks
were only visible on the spectrum of the antibacterial compound(s). Volatile metabolites that are
widespread in organisms include alcohols, terpenes, hydrocarbons, esters, and many more
(Rowan, 2011; Audrain et al., 2015). Volatile metabolites are produced as mode of interactions
in bacteria in different environments (such as biofilms) and play an important role in food and

cosmetics industries (Audrian et al., 2015).

Based on the compounds that were identified in this study, two contained an ester functional
group, typical of volatile metabolites. At a retention time of 16.425 minutes, one of the compounds
was found to be 92 % similar to a compound 2-methyloctacosane (Figure 3.6). A similar
compound was identified by Nandhini et al. (2015), that was present in Streptomyces cacaoi and
was found to be active against bacteria such as Pseudomonas aeruginosa and Salmonella typhi.
The compound belongs to the class of alkanes that contains a long chain of C-H bonds making it

very hydrophobic.

Another compound that was identified at a retention time of 22.185 minutes with a similarity
index of 87 % to octacosyl acetate. The structure of octacosyl acetate contains a functional ester
group accompanied by a long chain of C-H bonds. Octacosyl acetate is an ester molecule with
several hydrocarbons and was found in the wax produced by Melipona bicolor (Koedam et al.,

2002). No information about the compound being produced by bacteria has been found.
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Figure 3.6: GC-MS chromatogram of the control (black) vs bacterial inhibition zone’s
extract (pink) chromatogram showing three major compounds only present in the
Streptomyces bacterial extract’s chromatogram identified at retention times of 16.420

(A), 20.355 (B) and 22.185 (C) minutes.

The third compound was identified at 20.355 minutes and had a 92 % similarity index to acetic
acid n-octadecyl ester. The structure of acetic acid n-octadecyl ester is similar to octacosyl
acetate but differ in the number of C-H bonds (Table 3.1). There has not been any evidence
that this compound has been identified in bacteria, however it has been found in several plant
and fungal species. Sivagnanam & Vialliammai (2016) identified acetic acid n-octadecyl ester
as one of the compounds found in the plant chloroform extract of Croton bonplandianusby and
Siddiquee et al. (2012) also found it in hexane extract of Trichoderma harzianum. Karthi et al.
(2015) mentioned that acetic acid n-octadecyl ester had been reported to have antimicrobial

activity.
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Table 3.1: Ethyl acetate extract of Streptomyces parvulus was analysed with GC-MS and

three compounds were identified.

Compound name and structure

Retention Time

Percentage

2-Methyloctacosane

(minutes) similarity (%0)
Octacosyl acetate 22.185 87
|
N A\ | 7\ \ / A\ N/ VA
v
20.355 92
Acetic acid n-octadecyl ester
0
0
16.420 92
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The discovery of new drugs that are active against some of the most lethal bacteria-related
infections has decreased over the years and therefore the need for new antibiotics is of a crucial
matter. In 2000 and 2003, the FDA had introduced the newly approved antibacterial
compounds, linezolid and daptomycin (Table 3.2) with novel modes of action (Spellberg et al.,
2004). Linezolid is a synthetic drug that belong to the oxazolidinones that prevents the process
of protein synthesis (Livermore, 2003) and daptomycin is a lipopeptide antibiotic produced by
Streptomyces roseosporus. Daptomycin is used to treat Gram-positive bacteria-related

infections and it does so by disrupting their cell membranes (Steenbergen et al., 2005).

Table 3.2: Two new antibacterial compounds with novel mode of actions (indicated in

red box) approved by the FDA of USA (Spellberg et al., 2004).

Year Movel

Drug approved  mechanism
Rifapentine 1998 Mo
Quinupristin/dalfopristin 1999 Mo
Moxifloxacin 1989 Mo
Gatifloxacin 19599 Mo
Linezalid 2000 Yas
Cefditoren pivoxil 2001 No
Ertapenem 2001 Mo
Gemiflaxacin 2003 Mo
Daptomyein 2003 Yes

? The mechanism of the streptogramins [quinupristinand
dalfopristink is closely related to that of the macrolidein-
cosamide families [63]
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3.4. Conclusion

The ethyl acetate extract of Streptomyces parvulus strain R5-344 had good antibacterial activity
against the Microbacterium sp. and the Ry value of the compound(s) was 0.76 making it non-
polar. The extract was further analysed using *H NMR and peaks were found at 4.73 ppm, 4.35
ppm and 0.90 ppm, which were not present in the agar control. To identify this compound(s),
GC-MS was conducted, and three main compounds were found and were tentatively identified
to be similar to 2-methyloctacosane with a 92 % similarity, acetic acid n-octadecyl aster with
a 92 % similarity and octacosyl acetate with a 87 % similarity at retention times of 16.425,
20.355 and 22.185 minutes, respectively. Two of the compound’s structures have an ester
functional group with a long chain of C-H bonds and the other one only contains a long chain

of C-H bonds with one methyl group attached.
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4.1. General Conclusion

Research on discovering and developing new antibiotics has been of great importance over the
years and has shown that many bacteria in the soil have antagonistic activity against some of
the most infectious bacterial species. Bacteria such as methicillin-resistant Staphylococcus
aureus (MRSA), vancomycin-resistant Enterococci (VRE) and Pseudomonas species as well
as other multi-resistant bacteria have reduced the effectiveness and use of some of the most
important antibiotics known. Treatment of infections caused by these multi-resistant bacteria
had become expensive and less available to the public. The antibiotics that have lost their
effectiveness have been manipulated structurally and by doing so; the previously resistant

bacteria will no longer be susceptible to the antibiotic.

Three Streptomyces spp. were isolated from the soil using a serial dilution method and all
showed good antagonistic activity against some of the selected test bacteria (also isolated from
the same soil sample as the Streptomyces spp.). The cross-streak method on Mueller Hinton
agar was used to achieve the results. From the three Streptomyces spp. isolates, only one with
the best activity was chosen for further studies. The inhibition zones were not determined
because the growth of the test bacteria were so reduced that it was not visible to measure. To
determine whether the results were reliable, all the tested bacteria were grown individually as
controls and observed that they grew very well, indicating that the medium used was not the
reason behind the inhibition. The three isolated Streptomyces spp. were identified based on the
colony morphology and 16S rRNA sequencing, which confirmed that all three belong to the
genus Streptomyces. However in this dissertation only the sequencing results for one
Streptomyces sp. was shown which was identified to be S. parvulus strain R5-344 (with 100 %

identity). Two of the other soil isolated susceptible bacteria used to indicate antibacterial
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activity were also identified and are most probably Kocuria turfanensis strain HO-9042 (with
100 % identity) and uncultured Microbacterium sp. clone 1c05 (with 99 % identity). Many
bacteria with the potential to produce antibiotics were isolated from the Namibian soil and the
majority belonged to actinomycetes. Amongst the actinomycetes, the genus Streptomyces is
known to produce naturally occurring antibiotics (Velho-Pereira & Kamat, 2011; Hossain &

Rahman, 2014).

MHA plates containing S. parvulus strain R5-344 tested on the Microbacterium sp. were used
to extract the inhibitory compound, with ethyl acetate as the extraction solvent. The extract was
then subjected to direct TLC bio-autography and applied to a TLC plate and the TLC plate then
sprayed with the Microbacterium sp. suspension after 24 hours. It was observed that the extract
exhibited good antibacterial activity against the Microbacterium sp. The compound had an R¢
value of 0.76 and based on this information it was concluded that the antibacterial compound
was non-polar. To identify the structure of the antibacterial compound, it was subjected to *H
NMR and GC-MS analyses. Based on the *H NMR results, unique peaks were observed at
chemical shifts of 4.73 ppm, 4.35 ppm and 0.90 ppm in the S. parvulus extract spectrum which
were not found on the agar control spectrum. Furthermore, GC-MS analysis of the extract was
conducted and three compounds were identified, namely, 2-methyloctacosane at retention time
of 16.420 minutes, octacosyl acetate at retention time of 22.185 minutes and acetic acid n-
octadecyl ester at retention time of 20.355 minutes. These compounds contained similar long
chains of saturated C-H bonds and this support the non-polar polarity. A study by Nandhini et
al. (2015), identified 2-methyloctacosane as one of the compounds produced by Streptomyces
cacaoi and it was found to be active against bacteria such as Pseudomonas aeruginosa and

Salmonella typhi.
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The hypothesis was partially supported because the soil isolated S. parvulus does produce
antibacterial compounds which are active against some Gram-positive bacteria and to fully

support/reject the hypothesis, more analytical studies must be conducted.

4.2. Future prospects

The TLC-bioautography must be repeated to obtain higher quantities of the active compounds
for NMR and GC-MS analyses. The minimum inhibition concentration (MIC) of the
compounds on several pathogens must then be determined so that a quantitative conclusion

about the antibacterial activity can finally be reached.
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5.1. Cross-streak method used to test for antagonistic activity of Streptomyces (centre) against four known

pathogens

Figure 5.1: Streptomyces purvulus tested against the four known pathogens. A: Achromobacter xylosoxidans, B: Staphylococcus aureus,

C: Proteus vulgaris, D: Escherichia coli.

99



Figure 5.2: Negative controls of the tested pathogens. A: A. xylosoxidans, B: P. vulgaris, C: S. aureus.
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5.2. Gel electrophoresis after DNA extraction and PCR

Figure 5.3: Gel electrophoresis was done after DNA extraction to show the presence of the extracted DNA in the sample. The brighter
the band, the more DNA concentration meaning that is good enough to perform PCR. The other bands might be too faint, but they were

still used for PCR.
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5.3. GC-MS spectra of the controls
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Figure 5.4: The full GC-MS spectrum of the solvent acetone without the extract or silica.
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Figure 5.5: The full GC-MS spectrum of silica scrapped from TLC plate used as a negative control.
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