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ABSTRACT

Microorganisms play a key role in the functioning of the environment,
particularly in relation to the biogeochemical cycles. Here, a study was made of the
microbial activity of primitive desert surface soils in comparison with that exhibited
by a fertile agricultural loam soil. The microbial transformations studied included
nitrification, the hydrolysis of urea, the oxidation of elemental sulphur to sulphate
and phosphate solubilisation; these processes were collectively used to study the
biogeochemical activity of desert surface soils. Bacterial population densities in the
desert surface soils, fertile loam soils and volcanic, cave rock samples were also
determined. A variety of bacterial isolates from desert surface soils and cave rock
samples have been identified using molecular identification techniques like DNA
extraction, PCR amplification, determinations of 16S and 18S rRNA gene sequences.
The isolation and characterization of extremophilic bacterial strains from a dormant
volcano on the island of Reunion is reported, using molecular identification,
morphological and physiological studies. As the area of the volcano, from which
these bacteria were isolated, has not been recently active, it was considered of
interest to determine if these bacteria grow, or merely survive, in a mesophilic
environment. Nuclear magnetic resonance spectroscopy (NMR) was used to study
the compatible solutes in these isolates when growing under high temperatures, low
and high pH stresses and at various concentrations of NaCl. Finally, various
environmental samples were tested in order to detect the presence of Mycoplasma

using an EZ-PCR Mycoplasma Test Kit.
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CHAPTER 1



CHAPTER1
LITERATURE REVIEW

1.1. Introduction to biogeochemical cycles
1.1.1 The Nitrogen Cycle

Nitrogen is one of the most common elements found in cells, and makes up about
12% of cell dry weight (Maier et al, 2009). Living organisms principally rely on
nitrogen to produce a number of complex organic molecules like proteins and nucleic
acids (Pidwirny, 2004). Nitrogen can be in many different forms, both inorganic and
organic, and can also exist in a variety of different oxidation states (Table 1.1).

Table 1.1: The nine oxidation states of nitrogen. (Reproduced and updated from
Bengtson, 2010).

Oxidation Species Name
state
-3 NHs;, NH," Ammonia, ammonium ion
-2 N2H4 hydrazine
-1 NH,OH hydroxylamine
0 N> Nitrogen gas
+1 N,O Nitrous oxide
+2 NO Nitric oxide
+3 HNO,, NO, Nitrous acid, nitrite ion
+4 NO; Nitrogen dioxide
+5 HNO3, NO3 Nitric acid, nitrate ion

The Nitrogen cycle is a complex biogeochemical process, which involves the
transformation and translocation of nitrogen in soil, water, and both living and dead
organic matter (Francis et al., 2007). This process is highly dependent upon the
activity of microorganisms within the ecosystem. Fig 1.1 shows that various forms of
nitrogen exist, and are converted to intermediates or to end products in the nitrogen
cycle (Park, 2010). The atmosphere supplies the main reservoir of nitrogen as (N>);

other main source of nitrogen includes organic matter in soil and in the oceans.



Organic nitrogen is converted into inorganic form during these biogeochemical
processes. There are five main processes operating in the N-cycle. Nitrogen fixation
is the processes by which atmospheric nitrogen (N,) is converted into ammonia
(NH3), a process achieved by specific bacteria. Once ammonia is produced by
bacteria, it goes through another process called nitrogen uptake (i.e. assimilation)
where other organisms or bacteria will make use of ammonia and thereby produce
other organic nitrogen compounds. Nitrogen mineralisation is the process by which
organic nitrogen is converted to inorganic nitrogen, i.e. ammonium (NH4"). In the
nitrification processes, the ammonium salt is oxidized to nitrate (NO3).
Denitrification is the processes whereby nitrate and nitrite (NO;), are reduced to
nitrites and nitrous oxide (N.O), and finally to a nitrogen gas (Harrison, 2003;

Pidwirny, 2006).
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Figure 1.1: The Nitrogen Cycle (Reproduced and updated from Pidwirny, 2006)
Used with permissions.

1.1.1.1. Nitrogen fixation

Nitrogen fixation is the process by which nitrogen gas (N,) from the atmosphere
is fixed into ammonia (NH3) by means of over 100 different free-living (both aerobic
and anaerobic) bacteria, including actinomycetes and cyanobacteria. Nitrogen fixers
include, Azotobacter, Beijerinckia, Acetobacer and Pseudomonas (aerobic),
Klebsiella, Bacillus and Rhodospirillum (facultative anaerobic), Clostridium
(anaerobic), cyanobacteria Anabaena and Nostoc (aerobic), and actinomycetes
Frankia. Nitrogen fixation is limited to bacteria and it is an energy-intensive process.
(Soomro, 2000; Maier et al., 2009). The most important genus of bacteria for

nitrogen fixation is Rhizobium (Harrison, 2003).



1.1.1.2. Nitrogen mineralisation (Ammonification)

Nitrogen mineralisation is the conversion of organic nitrogen to ammonium,
which makes the nitrogen assimilable by various plants or for further oxidation to
nitrate (NO3") during the process of nitrification (Harrison, 2003). Ammonification is
the final result of the breakdown of organic matter, for example dead plants and
animals or waste materials such as faeces. This process is accomplished by a variety
of bacteria, fungi and actinomycetes. These organisms convert dead organic
materials to ammonia via two stages: firstly, proteins are hydrolysed by enzymes to
form simple amino acids, and secondly, microorganisms convert the produced amino
acids into ammonia. The resulting ammonia dissolves in water as ammonium ions.
Numerous factors; such as temperature, pH, moisture, aeration and the carbon:
nitrogen (C: N) ratio in the environment determine the activity of ammonifying
microorganisms, and thus mediate the ammonification of organic nitrogen (Hart et
al., 1994).
1.1.1.3. Immobilisation

Immobilisation is also known as ammonium assimilation. As ammonia is the end
product of N, fixation process in the soil, the pH value makes a balance between
ammonium ions and ammonia in solution. Generally, the ammonium (NH,") form is
easily assimilated by microorganisms and converted to amino acids and then
proteins. Cell wall components, for example purines, pyrimidines and N-
acetylmuramic acid, are used to form nucleic acid. As shown in Figl.2, there are two
pathways which microorganisms use for the immobilisation of ammonium. First, is a
reversible reaction, which extracts ammonium from the amino acid glutamate, and
then ammonium is built-in into o< —ketoglutarate to form glutamate. The second
reaction is determined by ATP and two enzymes: viz glutamine synthetase and

glutamate synthetase (GOGAT). In the first phase of the reaction, an accumulation of

5



ammonium into glutamate to produce glutamine takes place, whereas, in the second
stage, the ammonium molecule is transferred from glutamine molecule to the
o —ketoglutarate molecule resulting in the formation of two glutamate molecules

(Maier et al., 2009).
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Figure 1.2: Microbial ammonium immobilisation pathways: “(A) The enzyme
glutamate dehydrogenase catalyzes a reversible reaction that
immobilizes ammonium at high ammonium concentration (B) The
enzyme system glutamine synthase-glutamate synthetase that is induced
at low ammonium concentrations. This ammonium uptake system
requires ATP energy” (Reproduced and updated from Maier et al.,
2009 (Figure 14.12) p. 304). Used with permissions
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1.1.1.4. Nitrification

Nitrification is a microbially mediated oxidation of ammonium to nitrate. It is
exclusively an aerobic process which mainly involves chemoautotrophic bacteria,
although some heterotrophic fungi and bacteria can also perform the oxidation
(Maier et al., 2009). Essentially, the nitrification process involves the following two
steps: The first involves the formation of nitrite (NO2’), when ammonia (NH3) or
ammonium (NH,") ions are oxidised by chemoautotrophic nitrifying bacteria
(Nitrosomonas):

NH;" + 1.50, — NO; + 2H+ + H,0 AG = -267.5 ki.mol™
The second step involves the oxidation of (NO2) to (NOj3’), a process which also
involves nitrifying (Nitrobacter) chemoautotrophic Gram-negative bacteria. Plants
readily take up nitrates through their roots and assimilate them into organic
compounds.
NO, +0.50;, — NO3’ AG = -86.96 kJ.mol™

In the nitrification process, the generated energy is used for carbon dioxide fixation.
Nitrification occurs over an optimum pH range of 6.6 — 8.0. The rate of the
nitrification become slower at pH values below 6.0 and is completely inhibited at pH
values below 4.5 (Philips et al., 2002). Nitrification is affected by a variety of
environment factors such as temperature, pH, oxygen supply, moisture content,
organic and inorganic matter, carbon dioxide availability, and the cation exchange
capacity of a soil (Soomro, 2000).

Nitrogen does not usually accumulate in the environment, and there is rarely an
excess of ammonia in a natural ecosystems. On the contrary, serious environmental
problems may occur because of nitrate build up in many managed agricultural
systems and feedlots, as well as in septic tanks and landfills, where a large input of

nitrogen fertiliser occurs.



Since nitrate is a negatively charged anion, and since soil is also anionic, nitrate ions
are extremely mobile in soil water and hence, can be leached from soil into ground
water and surface waters, which can lead to several health concerns related to

excessive levels of nitrate and related compounds (Gershuny et al., 1995).

1.1.1.4.1. Health and environmental effects of nitrification

Nitrates and ammonium are known to cause a number of health effects in humans
and animals, for example high levels of nitrates in water can cause
methemoglobinemia, especially in infants which are less than six months old. The
stomach acid of an infant is not as strong as in older children and adults and for this
reason, a large number of bacteria exist, which can readily convert nitrate to nitrite in
baby’s stomachs. The absorbed nitrates in the blood and haemoglobin is then,
converted to methemoglobin. Methemoglobinemia causes brain damage and death.
Nitrates and nitrites are also carcinogenic and can also cause a decrease in the
functioning of the thyroid gland (Delellis, 2004). The accumulation of N
contaminants in water systems also has a harmful consequence, termed
“eutrophication”. This results from an increase in the concentration of nitrogen in
water systems and result in the rapid growth of algae and higher plants, which when
they rot remove oxygen from the system. Some algae also release poisonous toxins
into the water course and cause toxicity-related environmental problems (Park,
2010).
1.1.1.4.2. The biological characteristic of nitrification

Schloesing and Muntz were the first researchers to study the biological nature of
nitrification in 1877. However, they could not isolate the nitrifying bacteria, which
awaited the work of Winogradsky (1889), who showed that nitrifying bacteria grow

autotrophically in media with no organic carbon. In recent years, the understanding



of the biology and ecology of nitrification has developed as follows: Firstly, the rate

of nitrification has been shown to not be solely limited by soil pH as was previously

thought. Secondly, two types of nitrification are recognized: chemoautotrophic and
heterotrophic nitrification, with chemoautotrophic nitrification generally dominating
in agricultural soils, whereas heterotrophs tend to play a more important role in

acidic soils (Falih, 1995).

1.1.1.4.3. Chemoautotrophic nitrification
Chemoautotrophic bacteria are identified as bacteria that can obtain the energy

required for their growth from oxidation of inorganic compounds such as hydrogen

sulphide or ammonia. Chemoautotrophic bacteria are classified into two groups:

i) Ammonium oxidising bacteria: bacteria which derive energy for cell synthesis by
the oxidation of ammonium. This group of bacteria have genera names usually
begin with (Nitroso), and

ii) Nitrite oxidising bacteria: bacteria which derive energy from the oxidation of
nitrite. This group of bacteria have genera names begin with (Nitro).
Nitrosomonas and Nitrobacter have been identified the main genera as the most
common ammonium oxidisers in soil. Ammonium oxidisers are classified on
their DNA (G+C) contents, shape, membrane constituents and phylogenetics as
illustrated in Table 1.2 (Madigan et al, 2003). Oxidation reactions provide the
energy for nitrifiers; ammonia monooxygenase being the enzyme which oxidizes
NH; to hydroxylamine then to NO, .The nitrite generated in this reaction is
oxidized to nitrate by the nitrifying bacteria. The chemical reaction occurs in two
stages: Ammonia is oxidized to nitrite by Nitrosomonas
NHz +O0,+2¢e +2H" —> NH,OH + H,0

NH,OH + H,0 +1% O, —— NO, + 2H,0 + H"  AG = -275 kJ/reaction

10



Nitrite is oxidized to nitrate by Nitrobacter

NO, +%50, — 5 NO3

AG =-74.1 kJ/reaction (Madigan et al, 2003).

Table 1.2: Characteristics of the chemoautotrophic nitrifying bacteria. (Reproduced
and updated from Madigan et al, 2003).

Genus Phylogentic DNA Habitats Characteristics
group (mol%GC)

Oxidize

ammonia

Nitrosomonas Beta- 45-53 Soil, Sewage Gram-negative short
Proteobacteria freshwater,  to long rod, motile or

marine non motile

Nitrosococcus Gamma - 49-50 freshwater, Large coccid, motile
Proteobacteria marine

Nitrosospira Beta- 54 Soil Spirals, motile
Proteobacteria

Nitrosolobus Beta- 54 Soil Pleomorphic,
Proteobacteria lobular, motile

Nitrobacter _ 54 Soil Slender, curved rods

Oxidize nitrite

Nitrobacter Alpha- 59-62 Freshwater, Short rods,
Proteobacteria marine, soil reproduce by

budding, motile

Nitrospina Delta- 58 Marine Long, slender rods,
Proteobacteria non motile

Nitrococcus Gamma- 61 Marine Long cocci, motile
Proteobacteria

Nitrospira Nitrospira 50 Marine,  Helical to vibrioid —

group soil shaped cells, non
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1.1.1.4.4. Heterotrophic nitrification

Heterotrophic nitrifying microorganisms oxidise ammonium or organic nitrogen
compounds (e.g. pyruvic acid, oxaloacetic acid and a — ketoglutaric acid) . These
microbes do not gain energy directly from nitrification (Syliva et al, 1999).

The association of heterotrophis with nitrification was first recognized in 1894 and
since, a large diversity of heterotrophic nitrifying microorganisms have been found
which are capable of oxidising both organic and inorganic nitrogen (Table 1.3)
(Alexander, 1965). The microorganisms involved include both Gram-positive and
Gram-negative bacteria, anaerobes and spore or non spore formers as well as some
species of fungi and species of actinomycetes. The heterotrophic bacteria include
Agrobacterium, Azotobacter, Bacillus, Clostridium, and Pseudomonas. Fungi include
species of Aspergillus, Penicillium, and Cephalosporium. Actinomycetes involved
include Micromonospora, and various spices of Nocardia and Streptomyces.

The relative important of autotrophic and heterotrophic nitrification in the

environment is however, not readily determined.
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Table 1.3: Nitrogenous substrates and products of some heterotrophic nitrifying

microorganisms (Reproduced and updated from Alexander, 1965).

Microorganisms

Bacteria
Agrobacterium spp.

Azotobacter
chroococcum

Bacillus spp.
Clostridium butyricum

Corynebacterium
simplex
Mycobacterium rubrum

Pseudomonas spp.

Pseudomonas methanica

Actinomycetes
Micromonospora spp

Nocardia spp.
Nocardia coralline
Nocardia spp.

Streptomyces spp.

Fungi
Aspergillus flavus

Aspergillus flavus
Aspergillus niger
Aspergillus wentii
Cephalosporium sp.
Penicillium spp.

Penicillium spp.

Sterigmatocystis nigra

Substrate

pyruvic oxime

NH4

NH4
N2

nitrophenols

NH2
NH,OH
NH4

NH,4

NH,4

pyruvic oxime
p-nitrobenzoate
NH,4

NH4

amino
NH,4
nitrite
NH,4
nitrite

amino

NH4

13

Product

nitrite

bound NH,OH

nitrite
nitrate

nitrite

nitrite
nitrite

nitrite

nitrite
nitrite
nitrite
nitrite

nitrite

bound NH,OH, nitrite
B~ -nitropro- ionate,
nitrate.

aspergillus acid
NH,OH

nitrate

nitrate

nitrate

N-formyl hydroxy-
aminoacetate
NH>OH



1.1.1.5 Denitrification

Denitrification is the biological reduction of nitrate (NO3’) to nitrogen gas (Ny).
This process is carried out by a large range of bacteria, which utilise dissimilatory
nitrate (NO3) or nitrite (NO) reduction to ammonium (NH,;") (Table 1.4). The
responsible bacteria are termed heterotrophs and perform conversions from nitrate to
nitrite, and from nitrite to various gaseous products (e.g. nitric oxide NO, nitrous
oxide N,O, and free nitrogen gas N,) (Metcalf, 1991).

Denitrification is generally referred to as “anaerobic process”, even though aerobic
denitrification can also take place. The microbial reduction of nitrate usually takes
place by two processes: the first is assimilatory, where the ion is reduced to nitrite
and ammonium; this involves nitrate and nitrite reductases. The products of nitrate
assimilation are incorporated into cell material. The second reduction is identified as
being dissimilatory, where nitrate ions act as an alternative electron accepter to
oxygen in electron transport chain. Dissimilatory nitrate reduction leads to the
formation of either ammonium or dinitrogen; where dinitrogen is formed, the process
is termed as denitrification. Denitrification, by depleting part of the soils reserve of

essential nutrients, has detrimental effects on crop production.
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Table 1.4: Bacteria responsible for the dissimilatory reduction of nitrate (NO3") or

nitrite (NO,) to ammonium (NH;"). (Reproduced and updated from Maier

et al., 2009).
Genus Typical habitat
Obligate anaerobes
Clostridium Soil,sediment
Deslfovibrio Sediment
Selenomonas Rumen
Veillonella Intestinal tract
Wolinella Rumen
Facultative anaerobes
Citrobacter Soil,wastewater
Enterobacter Soil,wastewater
Erwinia Soil
Escherichia Soil,wastewater
Klebsiella Soil,wastewater
Photobacterium Seawater
Salmonella Sewage
Serratia Intestinal trace
Vibrio Sediment

Microaerophilles

Campylobacter Oral cavity
Aerobes

Bacillus Soil,food

Neisseria Mucous membranes
Pseudomonas Soil,water

Denitrification is influenced by many factors in the environment. For example,
carbon source is an important factor, simply because heterotrophic bacteria need to
use carbon as an energy source. Soil pH is another factor which directly affects the
rate of this process. The optimum pH range for denitrification is from 7.0 to 8.5.
Temperature can also influence the growth rate of bacteria responsible for the
process, with higher growth rates occurring at higher temperatures. Denitrification
can occur between 5°C and 30°C, and the rate of the process increases with

increasing temperature and amount of organic matter present.
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1.1.1.6 Urea hydrolysis

Today urea is the most important solid nitrogen fertiliser used in agriculture
worldwide. There are many advantages of using urea over other nitrogen fertilisers.
For example: urea has high nitrogen content which exceeds that of ammonium nitrate
and ammonium sulphate. Urea is also highly soluble in water and its safe application,
cheap production, reliable transport and distribution make it the leader in the world N
trade (Ferguson et al., 1984).

Microorganisms release a range of enzymes (lysozymes, proteases, nucleases and
urease) which can begin the degradation of nitrogen containing compounds, such as
proteins, cell wall, nucleic acids and urea. Ureases are extracellular enzymes secreted
by soil microbes, plants and animals. As shown in equation below, urea is converted
to carbon dioxide and ammonia by urease in soil (Maier et al., 2009). Many bacteria
are capable of hydrolysing urea, such as Bacillus, Pseudomonas, Micrococcus,
Achromobacter, Clostridium and Coryneformbacterium, and actinomycetes, as well
as some fungi.

I
NH,— ¢ = NH, + HHO — » 2NH; +CO;

1.1.2 The Sulphur cycle

Sulphur is ranked as the tenth most abundant element in the earth’s crust, and is
an essential element for growth. In biology, sulphur accounts for approximately 1%
of the dry weight of a cell. Sulphur exists in numerous oxidation states the highest
being +6 for sulphate (SO,*) and the lowest being -2 for sulphide (S*). Table 1.5
shows the most important inorganic sulphur forms present in the environment.
Sulphur concentration ranges from 20 to 2000 ug g™ in most agricultural soil,

whereas its concentration in various volcanic ash and organic and tidal-marsh soil
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exceeds 3000 pg g, and falls to 10ug g™ in some desert soils (Paul and Clark,
1996). Sulphur is an essential element for the synthesis of the amino acids, cysteine
and methionine, and some vitamins like vitamin Bl thiamine, hormones such as
biotin, coenzymes and lipoid acid. In particular, it is very important element in the
process of synthesising of proteins, where disulphide bridges, formed with cysteine
residues, govern the protein folding. Although the sulphur cycle is less complex than
that for nitrogen, it has a global impact, including its relation to acid rain episodes,
mine drainage and the corrosion of concrete and metals (Maier et al, 2009).

Table 1. 5: The nine oxidation states of inorganic sulphur compounds. (Reproduced
and updated from Paul and Clark, 1996)

Oxidation Formula Form

state
+6 S0,”° Sulphate
+4 S05” Sulphite
-2,+6 S,05%(S-SO3) Thiosulphate
-3, +1.7 S,06” Tetrathionate
-2 S-C-S Thiocyanide
+2,+6 "03SSSO5 Trithionate
0 s? Elemental
-2 HS Disulfide
-2 s*? Sulphide

Most of the sulphur in the soil is present in the form of organic matter, and
therefore, must be oxidised to inorganic sulphates before it becomes available for use
by plants. Even though some non-biological oxidation of sulphur can also occur in
soils (Maclntire et al., 1921), the majority of soil sulphate released from inorganic
sulphur is produced by microbiological oxidation (Sievert et al., 2007). Sulphur
undergoes numerous transformations in soil which together form the sulphur cycle.

As shown in Figl.3, these reactions are largely mediated by microorganisms (Brown,
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1982). In the sulphur cycle, microorganisms are responsible for the following
processes:

i)  Mineralisation of organic sulphur to sulphate,

i) The oxidation of reduced forms of inorganic sulphate,

iii) The anaerobic reduction of sulphate to sulphides, and

iv) The immobilisation of sulphate as organic sulphur.

w 502
v
o Ssopnell

Sulphur
R 7N ' Volatili

Plant uptake

I

Soil solution SO, I
\ Mineralization
SO «» SP eSS

Soil organic matter

Leaching

Figure 1.3: The Sulphur Cycle. (Reproduced and updated from Place et al., 2007)
Used with permissions.
1.1.2.1. Sulphur mineralisation
There are two pathways which convert organic sulphur into inorganic forms: viz
biological process and chemical process. These processes are also known as sulphur

mineralisation and they can occur under both aerobic and anaerobic conditions
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(Maier et al, 2009). Sulphur mineralisation plays a main role in the metabolism of
microbes, and consequently it is also an essential means by which sulphate is
mobilised, as well as acting as a source of H' ions (Tabatabai, 1985). The
mechanisms responsible for sulphur mineralisation are not completely known
although two major mechanisms (e.g. biological and biochemical) have been
suggested (Grayston, 1987).
(i) Biological sulphur mineralisation: Carbon-bonded sulphur, such as in
amino acids, is mineralised by microbes through an oxidative process which leads
to energy generation. Numerous inorganic products are utilised by soil microbes
for cell synthesis and the remainder is released into the environment. Sulphate is
the end product of inorganic sulphur oxidation under aerobic conditions; however,
the decomposition of proteinaceous substances eventually results in the formation
of hydrogen sulphide under anaerobic conditions (Soomro, 2000).
(i) Biochemical sulphur mineralisation: This process occurs when non-
carbon-bonded organic sulphur ester sulphates are being mineralised during the
enzymatic catalysis process of sulphatases produced by a variety of
microorganisms external to the cell membrane. Factors that affect process of
sulphur mineralisation include changes in oxygen content, varying temperatures
especially in the mesophilic range, moisture levels, and presence of lime in acidic
soils (Tabatabai and Al-Khafaji, 1980).
1.1.2.2. Sulphur oxidation
Reduced sulphur compounds can be oxidized by chemoautotrophic bacteria in the
presence of oxygen under strictly aerobic conditions, and a group of
photoautotrophic bacteria can achieve this under strictly anaerobic conditions. In

addition, aerobic heterotrophic microbes (including both bacteria and fungi) oxidise
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sulphur to thiosulphate or sulphate; interestingly, no energy is derived from this
process. Chemoautotrophs are thought to be the dominant sulphur oxidisers in most
environments. Heterotrophs can also initiate sulphur oxidation thereby producing a
lower pH which promotes the growth and activity of chemoautotrophs. Most
chemoautotrophs oxidise sulphide to elemental sulphur, which is then deposited
inside the cell as granules.
HoS + % 0, — S°+ H,0 AG = -218 kJ/mol

The energy released from the above oxidation reaction is used to fix CO; for cell
growth. Both oxygen and sulphide are essential in order for this reaction to take
place; however, reduced sulphur compounds are generally found in environments
that contain little or no oxygen, and consequently, these organisms are micro-
aerophilic. These organisms are often found in marsh sediments, where they produce
a typical black band resulting from the deposition of reduced sulphur deposits and
also “rotten egg” smells-like, due to the presence of hydrogen sulphide. Some
chemoautotrophs, notably Acidithiobaccillus thiooxidans can oxidise elemental
sulphur as follows:

S°+ 1% O, + H0 — SO,% +2H* AG = -532 kJ/mol
Apparently this reaction produces acid. A. thiooxidans is extremely acid tolerant and
its optimum growth occurring at pH 2, although the species varies widely in their
response to acidity (Baker and Banfield, 2003). Acidithiobaccillus thiooxidans, in
conjunction with Acidithiobacillus ferrooxidans, is responsible for the formation of
acid mine drainage; a very undesirable consequence; because of its adverse impact
on the environment. However, these organisms can also be employed to recover

precious metals from the environment.

20



1.1.2.2.1. Chemoautotrophic sulphur oxidation

The diversity of S-oxidizers allows sulphur oxidation in various soils.
Chemoautotrophic (lithotrophs) sulphur bacteria differ in morphology and
physiology ranging from specialist obligate (facultative chemolithotrophs which can
grow mixotrophically) to specialist heterotrophy. Table 1.6 shows that some of
chemolithotrophs may not directly benefit from the oxidation of reduced sulphur
compounds (Madigan et al., 2003).

Thiobacilli are the best studied species of sulphur chemolithotrophs oxidizers. This
bacterium is Gram-negative, rod shaped, motile, nonspore forming. It derives its
energy from the oxidation of sulphides (SH), elemental sulphur (S°), thiosulphate
(S,032), tetrathionate(S:0¢ ) and thiocyanate (S-C-N); whereas CO, or bicarbonate
supplies the required carbon for chemolithotrophs growth. Numerous species of
Thiobacillus are acidophilic and they can be subdivided into two groups: those

growing on neutral pH and those which live at acidic pH. (Atlas et al., 1997).
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Table 1.6: Physiological characteristics of sulphur-oxidising chemolithotrophic
bacteria. (Reproduced and updated from Madigan et al, 2003)

Range
Genus Phylogentic ~ DNA of pH for Inorganic
group GC% growth electron donor

Thiobacillus species
growing well in organic

media
T-novellus Beta 66-68 $,057
T.intermedius 64 6-8 5,052

Other genera

Achromatium Gamma - - H.S
Thiomicrospira Gamma 36-44 6-8 H,S, S,03
Thiosphaera Alpha 66 6-8 H.S, S,05%H,
Thermothix Beta - 6.5-7.5 H,S, S,05%S0;
Thiovulum Epsion - 6-8 H,S, S°
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1.1.2.2.2. Heterotrophic sulphur oxidation

Heterotrophic sulphur oxidation bacteria were firstly studied by Guittoneau in
1927, followed by research conducted by Starkey in 1934. Killham (1994) also
reported that heterotrophic bacteria are capable of oxidising thiosulphate (S,032) to
sulphate (SO4?) through tetrathionate (S4O¢?), and no energy is derived in this
process.

A wide variety of heterotrophic sulphur oxidation microorganisms can oxidise a
wide range of forms of reduced sulphur in vitro. Furthermore, several studies have
confirmed that numerous bacterial species such as Arthobacteria, Achromobacter,
Bacillus, Beggiatoa, Flavobacterium, Micrococcus, Mycobacterium, Pseudomonas
and Sphaerotilus are capable of oxidising sulphur (Trudinger, 1967; Schook and
Berk, 1978).

Paul and Clark (1996) reported that some actinomycetes and numerous fungal
species can oxidise inorganic S compounds, for example: Absidia, Alternaria,
Fusarium and Trichoderma. The ability of fungi to oxidise sulphur was studied by
Armstrong in (1921) and Abbot in (1923), and it was further confirmed when
Wainwright and Killham (1980) conducted an extended study; fungi are considered

as strict heterotrophs and unlikely to gain energy from sulphur oxidation.

1.1.2.2.3. Photoautotrophic sulphur oxidation

The photoautotrophic sulphur bacteria occur in anaerobic environment such as
mud, saline lakes, and stangnant water. These bacteria are limited to only green and
purple sulphur bacteria (Tablel.7). These microorganisms fix carbon using light
energy; however, instead of oxidising H,O to O, they use an analogous oxidation of

sulfide to sulphur. These microorganisms play an important role of eliminating
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sulfide from the surrounding environment, effectively preventing its movement into

the atmosphere and its precipitation as metal sulfide (Maier et al, 2009).

Table 1.7: Sulphur oxidising bacteria. (Reproduced and updated from Maier et al.,

2009).
Grop Sulphur Habitat Habitat Genera
conversion requrirements
Obligate or H,S—> S° H,S Mud,hot Acidithiobacillus
facultative 2 0, spring,mining Sulfobacillus
chemoautotrophs S° 80,2 interface surface,acid Thiomiicrospira
P 2 mine,drainge Achromatium
205" 50, ,s0il Beggiatoa
Thermothrix
Anaerobic H,S— §° Anaerobic Shallow water,  Chlorobium
phototrophs 59,30, H,S anaerobic Chromatium
4 light Sediments,meta  Ectothiorhodospira
or Thiopedia
Hypolimnion, = Rhodopseudomonas

Anaerobic water

1.1.2.2.4. Factors affecting sulphur oxidation in the environment

Several factors affect sulphur oxidation in soil, including temperature, pH,

moisture. The addition of sulphur fertilisers to soil can affect soil microbial factors

such as the population of sulphur oxidising bacteria in soil (Janzen et al.,1982).

(i) Temperature: the optimum temperature range is between 27°C to 40°C; whereas,

some thermopilic bacteria and fungi could also grow at 55°C (Wainwright, 1984).

(if) pH: sulphur oxidation can take place over the pH range (pH 2 to pH 9). The

sulphur oxidation process directly increases with increasing pH. (Vitolins and

Swaby, 1969).

(ili)Moisture and aeration: the moisture content for most rapid sulphur oxidation

processes is near field capacity, even though other factors such as soil texture can
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effect this level. With the exception of T. denitrificans and some other

photosynthetic bacteria, sulphur oxidation processes require environments with

adequate oxygen levels (Mahfouz, 2005).
(iv) Soil microbial influence: Sulphur oxidation is highly affected by the size and

composition of the soil microbial populations (Soomro, 2000).
1.1.3 The Phosphorus Cycle

In terms of its importance, the phosphorus cycle is second after the nitrogen cycle.
Phosphorus is an essential component for all living organisms as it is a critical
element involved in formation of adenosine triphosphate (ATP). ATP is involved in
most biochemical processes in plants and enables them to extract nutrients from soil.
Phosphorus plays a significant role in cell development and (DNA)
deoxyribonucleic acid formation (Hyland et al., 2005). Principally, phosphorus is
available in its oxidised state as orthophosphate mainly as complexes with calcium ,
iron, almonium and silicate minerals. Phosphorus rich minerals contain fluorapatite,
hydroxyapatite, oxyapatite, wavellite and monetite (Paul and Clark, 1996).
Phosphate residues in soil are large and often immobile, and can become unavaliable
for plant uptake because of its adsorption, precipitation, or exchange of recalcitrant
organic forms (Richardson, 1994). Excessive amounts of P in fresh water streams
and lakes can cause damaging algal blooms: When algae die, their decomposition
results in oxygen depletion which can lead to the death of aquatic plants and animals;
this process is called “eutrophication” (Hyland et al., 2005). The cycling of
phosphorus occurs between inorganic and organic forms; these processes often

actively involve actions of microoganisms.
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1.1.3.1. Role of microorganisms in the phosphorus cycle
Microorganisms have been acknowledged to transform phosphorus into available
sources in a number of ways (Fig 1. 4) as follows:
(i) By altering the solubility of inorganic compounds of phosphorus,
(i) By mineralising of organic phosphate compounds into inorganic
phosphates,
(iii) By converting of inorganic, available anion into cell components (i.e. an
immobilisation process), and
(iv) By oxidising or reducing phosphorus compounds; these are however,
very limited processes.
Of these mineralisation and immobilisation are the most important
reactions/processes in phosphorus cycle, soil phosphates are made available through
the secretion of organic acids, (lactic, acetic, formic, fumaric, succinic acids) .Thus,
phosphate-dissolving/solubilising soil microorganisms (include Pseudomonas,
Bacillus, Micrococcus, Mycobacterium, Flavobacterium, Penicillium, Aspergillus,
and Fusarium) play an important role in reducing phosphorus deficiency of crop
plants. Soil phosphorus solubilisation varies according to pH; neutral or alkaline
soils prove the most advantageous, as well as, temperature and moisture affected
phosphorus solubilisation by microorganisms. The soil biomass phosphorus content
could increase with addition of calcium phosphates. Soil microorganisms can derive
a significant proportion of their requirement through the mineralisation of

phosphorus (Thien and Myers, 1992).
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Figure 1.4: The Phosphorus Cycle. (Reproduced and updated from Hyland et al.,
2005) Used with permissions.

1.1.3.2. Microbial solubilisation of inorganic phosphorus

In soil, phosphorus can be divided into two categories: soluble and insoluble.
Insoluble phosphorus is unavailable to plants and microorganisms, which generally
comprises of approximately 95-99% of the total P in soil. Insoluble form of inorganic
phosphate mainly compounds with iron, calcium and aluminium in different soil
types. Numerous microorganisms can solubilise insoluble inorganic compounds of
phosphorus. Many species of bacteria as well as some species of actinomycetes and
fungi have the ability to solubilise phosphate (Hattori, 1973; Paul and Clark, 1996);
P-solubilizing fungi include Aspergillus, Fusarium, Penicillium and Sclerotium
(Alexander, 1977). These fungi grow in medium with calcium phosphate apatite or
with similar insoluble resources as a sole phosphate source (Al-Turk, 1990).
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Insoluble P is solubilised by reaction with organic acids; this reaction transfers
insoluble phosphorus into a dibasic and monobasic phosphates. Certain species of
bacteria can liberate hydrogen sulphide, which finally reacts with ferric phosphate to
produce ferrous sulphide and soluble phosphate (Hattori, 1973).

1.1.3.3. Mineralisation and immobilisation of phosphorus

Mineralisation is the microbial conversion of organic phosphate to dihydrogen
(H,PO4) or monohydrogen (HPO4?) phosphate ion forms. In plant, the available
phosphate form is identified as orthophosphates (Hyland et al., 2005).

The process of mineralisation is mediated by enzymes mainly phosphatase and
phytases. These enzymes are hypothesised to hydrolyse the carbon oxygen
phosphorous (C-O-P) ester bounds through mineralisation of soil organic material
(Sharpley, 1999). Soil microorganisms produce these enzymes in soil; and therefore,
soil microorganisms play an important role in the cycling of phosphorus in soils
(Dinkelaker and Marschner, 1992; He, 1998). Some species of fungi (e.g. Aspergillus
and Penicillium Spp) and other bacterial species (e.g. Actinomycetes, Pseudomonas,
and Bacillus Spp) can produce the enzymes involved in the mineralisation of organic
P (Richardson and Simpson, 2011). There are several factors that affect the process
of mineralisation of organic phosphate, which include temperature (the best
temperature range is between 18°C to 40°C), soil pH (the optimum accessibility of
orthophosphate occurs at a soil pH 6.5), moisture, aeration, cultivation, presence of
growing plants, and fertiliser phosphate additions (Hyland et al., 2005; Mahfouz,
2005). Phosphorus is important element for microbial growth, and the absorption of
phosphorus into microbial protoplasm leads to the accumulation of non-utilisable
forms of the element and making it unavailable for plant growth (Stewart and

Tiessen, 1987). In fact, plants themselves present a wide range of root morphological
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and physiological changes in relation to phosphorus deficiency (Vance et al., 2003;
Richardson et al., 2009). Microorganisms are essential components in the cycling
process of soil phosphorus; and the localised improvement of microbial activity in
the rhizosphere has important implication for the phosphorus nutrition of plants
(Sharpley, 2000; Richardson and Simpson, 2011).
1.1.3.4. Ability of microbes to solubilise insoluble phosphates

Various microorganisms play a significant role in dissolving insoluble inorganic
phosphates in the soil and converting them into forms which can be utilized by plants
(Table 1.8). A wide variety of heterotrophic microorganisms are capable of
solubilising P from different sources. P is assimilated by these microbes which also
solubilise a large proportion of the insoluble inorganic P releasing it for use by other
organisms. Various chemolithotrophic microbes e.g. Nitrosomonas and Thiobacillus
mobilise inorganic P through producing nitrous and sulphuric acids, respectively

(Tiessen and Stewart 1985).
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Table 1.8: Microorganisms and sources of phosphate which have been reported to be

involved in phosphate solubilisation (Reproduced and updated from
Subba, 1982; Rodriguez and Fraga, 1999 and Chen et al., 2006).

Microorganisms

Bacteria:
Bacillus sp
Pseudomonas sp
Erwinia sp
Escherichia sp
Serratia spp
Xanthomonase spp
Flavobacterium spp
Alcaligenes spp
Achrombacter sp
Aerobacter aerogenoes
Micrococcus sp
Nitrosomonas spp
Thiobacillus thiooxidans
Rizobium sp
Burkholderia sp

Fungi:
Asprigillus sp
Penicillum sp
Fusarium sp
Pythium sp
cladosporium sp
Rhizoctonia sp
Candida sp
Phoma sp
Schwanniomces sp
Pseudogymnoascus sp
Rodotorula sp
Humicola sp
Paecilomyces sp
Mycorrhiza

Actinomycetes:
Streptomyces sp
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Phosphate sources

Mineral:

Tricalcium phosphate
Calcium phosphate
Iron phosphate
Hydroxayapatite
Fluorapatite

Rock phosphate

Organic:

Calcium phytate

Calcium glycerophosphate
Phytin

Lecithin

Phenol 1 phosphate



1.2. Desert varnish

Desert varnish has been found on rocks surfaces in arid and semi-arid
environments, and the term “rock varnish” is extended to describe similar surface
coverings found in alpine regions, glacial deposits, streams and intertidal waters. An
understanding of “Rock varnish” is thought to be crucial to understanding the origin
of life on earth and perhaps on other planets.

Desert varnish or “rock varnish” is a dark, thin veneer (film), which forms on rock
surfaces and the surface of desert soils which have remained undisturbed for
thousands of years. Long periods of drought alternating with infrequent periods of
heavy rain, extreme UV radiation and temperatures which often exceed 60°C are
typical of the environment. Normally (5 — 50um) thick, such coatings have been
found in a variety of deserts (Paul, 2007; Kuhlman et al., 2006; Perry et al., 2004),
including the Sonoran and Mojave Deserts of S. W. United States and Northern
Mexico, the Gibson Desert and Great Victoria Desert of Western Australia, the
Negev Desert in the Middle East and the Gobi Desert of China (Taylor-George et al.,
1983).

Research work conducted on “Rock varnish” in streams began as early as 1850
and 1875 by Humboldt and Darwin, respectively (Staley et al., 1982). Studies on
rock varnish in America began a little later (around the period 1875-1909) and
involved researchers such as Loew, Merrill and Surr (Staley et al., 1992). However,
their work often excluded details about the chemical makeup or origins of the
investigated coating samples until 1921, when Francis presented the first credible
and acceptable argument for the microbial origins of “rock varnish” (Francis, 1921).
In his study, Francis observed black coatings of iron and manganese oxide on rock

surfaces on both land and in streams from Australia, and suggested that they are
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formed by lichens and algae. Three years later, it was shown that small lichens
coatings (0.2 mm average diameter) occur on rock surfaces (Staley et al., 1992), and
later, Laudermilk (1931) proposed a model for varnish formation involving the
dissolution of minerals in rocks by the action of lichen acids. Moreover, it was
suggested that minerals would also be absorbed from rocks by lichens leading to the
precipitation of iron and manganese hydroxides. This build-up of iron and
manganese oxides eventually Kills the lichens, and produce acids which help to
spread the minerals on the rock surface thereby produce “rock varnish” (Stotzky and
Bollag, 1992).

The most common biological forms seen (by the use of either light microscope or
scanning electron microscopes) in “rock varnish” are micro colonial fungi (MCF)
(Taylor-George et al., 1983). Bacteria are rarely seen, even with SEM, perhaps
because of:

i) The relatively small field of view at the high magnifications required,
i) The difficulty of distinguishing bacteria from other particles present, or
iii) Because critical point drying was not used during sample preparation (Dorn
etal., 1981).
1.2.1. Chemical composition of desert varnish

Desert varnish is mainly composed of oxygen, silicon and aluminum, with small
amounts of iron, sodium, manganese, sulphur, calcium, nitrogen, magnesium,
potassium, phosphorus, titanium, carbon and barium; rock varnish can also contain
amino acids and lipids (Perry et al., 2005). The presence of serine was also reported
in samples taken from Death Valley, California; this amino acid may also be present
infon the clay matrix or in the amorphous silicate matrix of desert varnish. DNA

may also exist in desert varnish silica, or complex Si—O-C bonds, or as complexes
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with iron or manganese (Perry et al., 2004). Manganese (II) is also often present, this
being the soluble form of the element which is available to microorganisms and is
stable between pH 6 — 9. Manganese (III) and manganese (IV) form insoluble oxides
and oxyhydroxides; microbial manganese (II) oxidation likely accounts for the
occurrence of the mineral phase of rock varnish (Ehrlich, 1996). Manganese and iron
oxidation takes place at the exterior of the bacterial cell surface and iron hydroxides
are often deposited on the remains of biogenic structures. Ferric hydroxide has also
been identified as extracellular deposits on iron-oxidising organisms (van Veen et al.,
1978).
1.2.2. Organic constituents of desert varnish

Various amino acids have been observed in rock varnish samples collected from
the Whipple Mountains, California, (Perry et al., 2004); suggesting that an intimate
association between the bacteria and the varnish material. A large variety of bacteria
have also been cultured from rock varnish, including Bacillus, Geodermatophilus,
Arthrobacter, Micrococcus, Curtobacterium, Cellamonas, (Hungate et al., 1987),
Pedomicrobium and Metallogenium-type strain  (Dorn, 1981). Numerous
Actinomycetes, including Geodermatophilus have also been isolated (Eppard et al.,
1996). Three strains of bacteria isolated from varnish from Death Valley, California,
were identified as being resistant to UV exposure (for up to 5 minutes) (Khulman et
al., 2006); one strain showing a 98% 16SrRNA sequence similarity with multiple
Arthrobacter strains; the second showed similarities with strains of Curtobacterium
flaccumfaciens, whilst the third strain matched with a Geodermatophilus obscura,

cluster 1 (Eppard et al., 1996, Khulman et al., 2005).
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1.2.3. Evidence for a biological origin of desert varnish

Investigations on microbial activity in Rock varnish from the Sonoran Desert
found no detectable carbon dioxide fixation (measurements used *C—bicarbonate).
This suggests that there was only little or no autotrophic activity by either
phototrophic or chemolithotrophic bacteria. Interestingly, the investigated rocks also
showed no evidence of lichen activity either, which goes against the theory that
lichens are involved in the formation of Desert VVarnish. The investigations found: 1)
active respiration of radio-labeled sodium acetate, showing heterotrophic activity 2)
actinomycete counts ranged from 400-600 cm™ of varnish, and the counts for micro-
colonial fungi ranged from 600-1500 cm™ of varnish (Hungate et al., 1987). These
results agreed with the findings obtained from the Negev Desert, which gave 250-
2900 heterotrophic bacteria per cm? Counts from rock varnish were always
consistently higher than from the surrounding area, suggesting that the organisms
were indigenous to the varnish and not carried from the surrounding area by the wind
(Taylor-George et al., 1983).

It has been repeatedly argued that since “rock varnish” contains oxides of iron and
manganese, together with microorganisms; then, microorganisms ought to be
somehow involved in depositing the oxides in the varnish, a hypothesis which is
widely highly accepted, but needs verification.

Palmer et al. (1914) found that bacterial colonies from Sonoran and Mojave
Desert were gram-positive (e.g. Micrococcus, Planococcus, Arthrobacter and
Bacillus). A study from the Negev desert has reported similar findings with the
isolation of species Dermatophilus being reported (Plamer et al., 1986). These
bacteria were not thought to be capable of gaining energy from manganese oxidation,
nor able to fix carbon dioxide, and must therefore be heterotrophs. This finding is in

full agreement with the reported results from studies conducted on the Sonoran
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Desert, where no primary productivity could be found using radio-labeled carbon
dioxide as a carbon source (Taylor-George et al., 1983). It is assumed, therefore, that
these microorganisms obtain their organic nutrients from windblown dust which also
delivers iron, manganese and clay.

Fungi have also been found in “Rock varnish”, appearing as black colonies of
approximately 100 um in diameter and like bacteria, they rely upon wind-blown
organic carbon (Staley et al., 1982).

Manganese oxidising bacteria and manganese depositing micro-colonial fungi
have been reported to be capable of producing an artificial varnish under laboratory
conditions. However, no experiments appear to have exactly reproduced the natural
conditions under which “rock varnish” has formed. Since microorganisms grow very
slowly in desert environments and rock varnish also develops very slowly it may not
be possible to conduct such a conclusive experiment in the laboratory. Even if such
an experiment were possible it would not explain a) the formation of the iron
deposits, b) the involvement or not of microorganisms, or ¢) show the ways in which
these organisms interact with clays to form varnish (Stotzky and Bollag, 1992).

1.2.4. Does desert varnish exist on Mars?

Shiny rock surfaces found on Mars may constitute a kind of rock varnish and infra
red images taken for these rocks confirmed that such varnish is not part of the rock,
but it is an extra coating (Di-Gregorio, 2010). All the required parameters for rock
varnish production exist on Mars, including harsh UV radiation, low atmospheric
pressure (0.6-0.8 KPa), very cold and strongly oxidising conditions; Mars is also
likely to be free of the factors which erode rock varnish such as rain or lichens
(Parnell et al., 2007). Current Mars rovers are fitted with an alpha proton X-ray

spectrometer, which fires alpha particles and X-rays at rock surfaces to detect which
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chemical elements are present; despite this, evidence for the presence of manganese

oxide has proven elusive (Horneck and Baumstark-Khan, 2001; Di-Gregorio, 2010).

1.3. Molecular biology techniques

The rapid development of molecular techniques throughout the past decade has
revolutionised the field of microbiology. The discovery of phylogenetically
informative DNA sequences such as the 16S rRNA gene completely transformed the
theory of microorganisms’ relatedness, and provided a universal system for the
identification and classification of microbes. It is also now possible to detect, identify
microorganisms independent of their cultivability and by these means to determine
the diversity and spatial organization of complex microbial communities (Amann et
al., 1995; Hill et al., 2000; Kirk et al., 2004 and Rogers, 2008). Microbial diversity
studies basically rely on results derived from tests carried out on samples of soil
ranging from (1-5g) and it is very difficult to predict spatial distribution on a macro
scale from such a small sample size, which may be of unknown heterogeneity
(Wintzingerode et al., 1997).

1.3.1. Deoxyribonucleic acid (DNA)

DNA is double stranded with two polymeric molecules joined by hydrogen
bonding between bases. The strands are arranged in a double helix with major and
minor grooves. DNA containing nucleotides consist of a phosphate group, pentose
sugar (deoxyribose) and nitrogen containing base pyrimidines cytosine (C), thymine
(T) and purine guanine (G), adenine (A) (Fig 1.5) (Pary, 2008; Baker et al., 2006).
Guanine binds only to cytosine and adenine binds only to thymine to form equal

sized base pairs (Maier et al., 2009).
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Figure 1.5: Structures of pyrimidine and purine bases in DNA (Reproduced and

updated from Pray, 2008) Used with permissions.

One strand of DNA is oriented 5° to 3%, while the complementary strand is
oriented 3" to 5°. The two strands in resulting double-stranded molecule arranged in
an antiparallel fashion (Madigan et al., 2012), which means that the 5° end of one
strand is paired with 3* end of its opposite strand (Pary, 2008). The nitrogen bases of
each strand forms the inner pare of the double helix while the sugar-phosphate
backbone is the outer part (Al'Abri, 2011).

1.3.2. Polymerase chain reaction (PCR) technique

Today, PCR is widely used in many branches of genetic research. PCR was
discovered in the mid 1980s by Kerry Mullis who received a Nobel Prize for
chemistry in 1993 for this invention (Kubista et al., 2006). The PCR is a molecular
technique which is used in vitro to amplify the amount of target DNA from trace

amounts in a complex mixture of templates. The technique allows for the
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multiplication of more than million copies of the target DNA within a few hours (e.g.
10° to 10° double amplification within 3-4 hours) (Hadidi and Candresse, 2003).

PCR can be advantageous over conventional methods; it is, for example,
extremely sensitive, fast and easy to obtain results in only a few hours compared to
traditional techniques. In addition, PCR is culture independent technique allowing
access to the genomic information from non-culturable microorganisms.
Furthermore, presently, PCR determination is applicable in almost all areas of
disease identification and to the discovery of pathogens (Hadidi and Candresse,
2003; Maier et al., 2009).

PCR is performed in three main stages (e.g. denaturation, annealing and
extension) in small thin-walled microcentrifuge tubes (Fig 1.6) (Anderson, 2011).
The composition of the PCR solution in the tube consists of components of reaction
as shown in Table 1.9 (Baker et al., 2006). PCR uses repeated cycles of heating and
cooling to produce many copies of a specific region of DNA. The cycle of PCR has
three steps: The first step involves the denaturation of the double strand DNA into
two single strands of template DNA, achieved by raising the temperature to 94°C.
After around 20 to 40 seconds, the block is rapidly cooled to 50 to 70°C for 30
seconds which allows the oligonuclotide primers to anneal to the single template; this
is the second step. And finally, the third step involves incubation at a slightly higher
temperature (e.g. 72-74°C); in which the enzyme Taq polymerase binds to the primer
sequences and adds nucleotides to extend the second strand, also Taq adds bases to
the 3'end of both primers extending the DNA sequence in the 5" to 3 directions
(Hadidi and Candresse, 2003; Maier et al., 2009 and Baker et al., 2006). The
previous processes require that the reaction mixture be annealed (i.e. cycled between

very high and very low temperatures). When this technique was first invented, the
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polymerase was obtained from microbes which could not withstand the high
temperatures involved and had to be replenished after every cycle. In order to solve
this problem, Thermus aquaticus acquired from a stock of samples deposited by
Brock some 20 years earlier and a heat stable DNA polymerase was then isolated
from it, (Tag polymerase); its tolerance to heat then led to the total automation of the
PCR process. In later years, Taq polymerase has sometimes been replaced by Pfu
polymerase, extracted from Pyrococcus furiossus, which works best at 100°C
(Madigan et al., 2012). In the PCR reaction, the contamination or non specific
priming can lead to false positive results. PCR is also subject to inhibition due to

humic substances and metals that may present in environmental samples.
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Figure 1.6: The Polymerase Chain Reaction (PCR) cycle. (Reproduced and
updated from Anderson, 2011) used with permissions.
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Table 1.9: Components of the PCR reaction (Reproduced and updated from Baker et

al., 2006).

PCR Solution Approximate Function

Component Concentration
Buffer 25-100 mM Maintains pH at optimum for Taq activity
Magnesium ions 1-5mM Essential for Taq activity, binds to

template. oligonucleotides and dNTPs

Oligonucleotides In excess Prime the polymerization. Sequence
Primers (forward and governs specificity of the PCR
reverse)
dNTPs In excess Substrate for polymerase

(Deoxnucleoside

triphosphates)

Taq polymerase 1 unit per 100 Enzymatic addition of dNTPs
A complementary to template
Template As little asone  DNA to be amplified
copy
Water n/a Added to bring other component to the

correct concentration

1.3.3. The 16S rRNA gene
The 16S rRNA gene has been widely used to study prokaryote diversity and

allows for the identification and prediction of phylogenetic relationships (Pace,
1999); rRNA refers to the ribosomal RNA. A ribosome consists of two subunits
RNAs and ribosomal proteins. The large subunit (50S) contains 5S and 23S rRNA
and 31 proteins, while the small subunit (30S) contains 16S rRNA and 21 proteins
(Madigan et al., 2012). The 5S rRNA (about 120 nucleotides) has also been widely
studied but is too small for reliable phylogenic classifications; 16S
(approximately1500 nucleotides) and 23S (roughly 2900 nucleotides); rRNA is

however, large enough to be useful (Olsen et al., 1986; Madigan et al., 2009) and is
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the least variable gene in all cells. Sections of rDNA sequence from even distantly
related organisms are remarkable similar, hence sequences from distantly related
organisms can be precisely aligned, making any differences easy to measure. For
this reason, genes that contain the rRNA have been used to determine the taxonomy,
phylogenicity and rates of divergence amongst bacteria; 16S rRNA sequences can
also be studied to reveal relatedness. This work was begun by Carl Woese at the
University Of Illinois, during 1970’s; he also proposed the three domain system of
microorganism classification, namely—Archaea, Bacteria and Eucarya (Woese et al.,
1990). Not until almost 20 years later however, did his classification gain complete
acceptance (Newman et al., 2007). 16S rRNA sequences have hyper-variable regions
where sequences have diverged over time and these are often flanked by strongly
conserved regions. Primers target are conserved regions and amplify variable
regions. The DNA sequence of 16S rRNA gene has been determined for a large
number of species, forming a readily accessible and extensive library. Carl Woese
recognized the broader potential of rRNA sequencing as a measure of phylogenic
relatedness. He initially used a method that compared about ¥ of the nucleotides in
16SrRNA (i.e. the best that could be done with the technology available at the time).
By using more advanced techniques, it has now become routine to determine the
whole sequence of 16S rRNA molecules, resulting in the greatest accumulation of
data available for inferring relationships amongst organisms (Boye et al., 1999). 18S
rDNA and (ITS) internal transcribed spacer regions have been extensively used to
study fungal classes. Nevertheless, the available databases are not as extensive as
those for prokaryotes (Prosser, 2002). DNA is extracted from the sample and purified
the target DNA (16S) is amplified using universal or specific primers; the resultant

products are separated based on necessity (Kirk et al., 2004).
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1.3.4. Phylogenetic analyses

Phylogenetic analyses have become important for researching evolutionary trees
in molecular biology, clinical research, evolutionary studies and plant pathology.
Phylogenetics is the study of evolutionary relatedness between groups of organisms
which is revealed during molecular sequencing data and morphological data
matrices. In addition, phylogenetic analyses are useful for organizing information of
biological diversity for structuring, classification and for evolutionary studies (Daum,
2008). 16S rRNA gene sequencing is the most general use of databases for the
identification of microorganisms in environmental microbiology. A number of
computer software sequencing analysis program packages are available to assist in
sequences searches [e.g. (NCBI) National Center for Biotechnology Information and
(BLAST) Basic Local Alignment Sequence Tool]; these search programs are used in
phylogenetic analysis to identify genetic relationships and heritage (Holmes, 2003;

Maier et al., 2009).

1.4. Extremophilic microorganisms

Extremophiles are microorganisms which are grouped according to the conditions
under which they flourish (see Table 1.10), for example: thermophiles,
psychrophiles, halophiles, acidophiles and alkaliphiles, all of which have been
widely studied in the last 50, or so, years (Hendry, 2006, Rothschild and Mancinelli,
2001, Rothschild, 2002, Oarga, 2009).

Extremozymes, which help extremophiles to flourish in harsh environments, are
of particular interest; For example proteases and lipases, from psychrophiles, are
active at low temperature; amylases are used for acidic starch degradation and are
produced as secretion from acidophiles; proteases for detergent applications can be

produced by alkaliphiles, while finally, halophiles produce enzymes which are active
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in non-aqueous solvents (Madigan and Marrs, 1997; van den Burg, 2003 and Hendry,

2006).

Table 1.10: Classification and examples of extremophiles (Reproduced and modified

from Rothschild and Mancinelli, 2001; van den Burg, 2003; Irwin and
Baird, 2004).

Environmental
parameter
Temperature

pH

Salinity

Radiation

Pressure

Oxygen Tension

Chemical
Extremes

Type

Hyperthermophile

Thermophile
Mesophile
Psychrophile

Alkaliphile

Acidophile

Halophile

Radioresistant

Barophile
Piezophile
Anaerobe
Microaerophile
Aerobe

Gasses
Metals

Characterisation

Grows at > 80°C
60 - 80°C
15-60°C
<15°C

pH>9

pH <2

Salt-loving
(2-5 M NaCl)

Pressure-loving
Pressure-loving

Cannot tolerate O,
Tolerates some O,

Requires O,

Metalotolerant
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Examples

Pyrolobus fumarii
Synechococcus lividis
Homo sapiens
Psychrobacter, some

insects

Natronobacterium
Bacillus firmus OF4
Spirulina sp (all pH 10)
Cyanidium caldarium
Ferroplasma sp (both

pH 0)
Halobacteriacae

Dunaliella salina

Deinococcus
radiodurans

Unknown
microbe,130MPa
Methanococcus
jannaschii
Clostridium

H. sapiens
C.caldarium
Ferroplasma
acidarmanus
(Cu, As, Cd, Zn);
Ralstonia sp.
CHaq4 (Zn, Co, Cd, Hg)



Advanced research on extremophiles has also helped in redrawing the
evolutionary tree (Fig 1.7). In the past, it was widely accepted that living creatures
could be classified as either bacteria, simple cells lacking a nucleus, and eukarya,
whose cells contain nucleus and are more complex (e.g. plants, animals, fungi and
protists). Further studies on extremophiles eventually led to the inclusion of a third
branch of the tree-the archaea. Similar to bacteria in many ways, archaea in many
ways also resemble eukarya; however, they exhibit many unique genes, which
suggest that they be included as a separate and third branch of the evolutionary tree
(Madigan and Marrs, 1997; Madigan et al., 2012). Extremophiles, which flourish at
temperatures exceeding 60°C, were first discovered in the modern era in the late
1960’s by Thomas Brock and his colleagues. Firstly, Thermus aquaticus was
identified and named and subsequently led to important and the widespread use of
polymerase chain reactions (PCR). Brock’s team also found Archaean organisms
flourishing in acidic environments, in temperatures as high as 80°C, suggesting that

microbes can exist in boiling water (Madigan and Marrs, 1997).
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Figure 1.7: Universal phylogenetic tree as determined from comparative rRNA gene
(16S or 18S RNA) sequence analysis (This figure was reproduced and
updated from Figure 16.16 in Madigan et al., 2012 and Oren, 2008).

Used with permissions.

1.4.1. Extremes of temperature

Based on extreme temperatures, microorganisms can be divided into three main
groups viz: psychrophiles (optimal growth temperature < 15°C, maximum 20°C,
minimum > 0°C), thermophiles (Growth 60-80°C) and hyperthermophiles (Growth
> 80°C) (Magan, 2007; Prieur, 2007).

Basically, thermophiles have stable proteins and cell membranes, whereas
psychrophiles have flexible cellular proteins and membranes or contain antifreeze
proteins (Irwin and Baird, 2004). Microorganisms posses a number of mechanisms
which allow them to survive at temperatures that would usually denaturate proteins,
and cell membranes (de Miguel Bouza et al., 2006). Most of hyper-thermopbhiles

belong to the archaea. They are capable of growing at temperatures above 90°C and
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up to 113°C; cell membranes in archaea are diverse in structure from those of
bacteria (Maier et al., 2009; Irwin and Baird, 2004).

Numerous thermophilic bacteria are phototrophic bacteria such as cyanobacteria,
purple and green bacteria (Seckbach et al., 2007) and eubacteria e.g. Bacillus,
Clostridium, Thiobacillus, Desulfatomaculum, Thermos, lactic acid bacteria,
actinomycetes, spirochetes (Rothschild, 2002). Hyper-thermophiles include: for
instance Acidianus infernos, Pyrolobus fumarii, Methanococcus jannaschii,
Thermococcus littoralis, Pyrococcus furiosus (Ghosh et al., 2003).

Various species of thermophilic fungi belong to Hyphomycetes, including
Thermoascus thermoplilum, Malbranchea cinnamomea and Ascomycetes like
Thermoasscus aurantiacus, Thielavia terrestris, and Zygomycetes for example
Rizomucor miehei, Rizomucor pusillus. These hyper-thermophilic fungi have been
isolated from composts, soil, wood chips and nesting materials of birds. Additionally,
a few thermophilic algae e.g. Achanthes exigua, Mougeotia sp and protozoa
including Cerosulcifer hamathensis and Cyclidium citrullus can grow at high
temperatures (Satyanarayana et al., 2005).

1.4.2. Extremes of salinity

Halophiles are extremophile microorganisms that flourish in environments with
very high concentrations of salt. They are adapted to life at high salt concentration
and are found in all of the three domains of life: Archaea, Bacteria and Eucarya (Ma,
et al., 2010 and Madigan, 2005). Based on their NaCl requirements, halophilic
microorganisms have been classified into three groups: i) halotolerant: which grow in
the range of 2 to 5% NaCl[0.34 - 0.85M ] NaCl, and the optimum growth range is
between 0 and 0.3M NaCl; ii) moderately halophilic: which can grow in a range of 5

to 20 % NaCl [ 0.85-3.4M] NaCl, and the optimum growth range is between 0.2M
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and 2.0M NaCl; and iii) extremely halophilic: that can grow in the range of 20 to 30
% NaCl [3.4-5.5M] NaCl with an optimum growth lies between 3.4-5.1 M NaCl
(Gilmour, 1990; Ollivier, et al., 1994; Madern and Zaccai, 2004; Echigo, 2005).

Halophilic microorganisms are able to grow in high salt environments and have
been found in almost all hypersaline environments. Extremely halophiles organisms
can survive at salt concentrations as high as 10 times greater than the saline salt
content of normal ocean water. Hypersaline environments are common all over the
world, such as the Great Salt Lake in Utah (USA) (concentration of Na 105.3 g/l),
the Dead Sea in Jordan which contains salt concentration of about 217 g/l, the Owens
Lake (California), and the African Soda Lakes (e.g. Hamara Lake in Wadi El
Natroun, Egypt); extremely hypersaline environments are however, uncommon
(Margesin and Schinner, 2001; Madigan et al., 2012).

Extremely salty environments (of about 30% w/v NaCl) can support extreme
halophilic microorganisms (Irwin, 2010). Grant et al., (1998) carried out a review on
the diversity of halophilic archaea and bacteria and concluded that phototrophic
bacteria occur below the cyanobacterial layers in anaerobic, but lit, zones in
hypersaline microbial mats (Satyanarayana et al., 2005).

Gram-negative aerobic bacteria such as Marinococcus, Salinococcus,
Sporosarcina and Bacillus have been isolated from various hypersaline
environments. Globally, natural hypersaline waters contain halobacteria belonging to
the archaea genus for example Haloarcula, Haloterrigena, Halococcus, Haloferax,
Halobacterium, Halobaculum, and Halorubrum. Several hypersaline locations show
evidence of methanogens, like Methanohalophilus mahii, Methanohalophilus

halophilus and Methanohalophilus evestigatum (Kirkwood et al., 2008)
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Fungal halophiles are less salt tolerant than that most halophilic bacteria and
archaea. The halophilic and halotolerant fungi and yeast include the black yeasts
Hortaea werneckii, which grows in hypersaline environments containing up to 5M
NaCl, Wallemia ichthyophaga, requires at least 1.5 M NaCl and Aureobasidium
pullulans and grow in hypersaline environments which contain up to 3 M NaCl
(Gunde et al., 2009).

At moderately high salinities, green algae of the genus Dunaliella (D. salina,
parva and viridis ) have been reported. Moreover, a variety of species of diatoms
such as Amphora coffeaeformis and Navicula, as well as protozoa such as Porodon
utahensis and Fabrea salina have also been isolated from hypersaline environments
(Cavicchioli et al., 2011). In hypersaline lakes, cyanobacteria are dominant
including: Aphanothece halophytica, Dactylococcopsis salinna, Microcoleus
chthonoplastes, Phormidium ambiguum, Oscillatoria neglecta, limnetica and salina
(Cavicchioli and Thomas, 2004).

High osmolarity in hypersaline conditions can be deleterious to cells, while water
is lost to the external medium until osmotic equilibrium is achieved. Generally,
halophiles accumulate high organic solute concentrations inside the cytoplasm to
prevent loss of cellular water under these conditions (Baati et al., 2010; Galinski,
1993). When the isoosmotic balance of the medium is achieved, cell volume is
maintained.

1.4.3. Extremes of pH

Acidophiles are defined as the organisms which live at low pH (Irwin, 2010) and
include certain types of bacteria, archaea and eukaryotes. Acidophilic
microorganisms have been classified into two groups: Acidophilic tolerant (the

optimal growth between 0-2 pH) and moderate acidophiles (the optimal growth
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between pH 3 to pH 5) (Baker-Austin and Dopson, 2007). Various acidophilic
microorganisms have been isolated from a range of acidic environments such as acid
mine drainage, in South Africa, pH (0 - 1) (Akcil and Koldas, 2006) and the Rio
Tinto River, Spain pH (1.5 — 3.1) (Gonzalez-Toril et al., 2003). Unicellular red algae
Cyanidium caldarium and the green algae Dunaliella acidophila, can grow at pH1,
as can some fungi (e.g. Acontium cylatium, Cephalosporium sp and Trichosporon
cerebriae), which grow at pH 0 (Rothschild, 2002). The archaea, such as Picropilus
oshimae and Picropilus torridus, have been isolated at pH 0.7 and 60°C; and
Sulfolobus acidocaldarius has been isolated at pH 3 and at 80°C (Johanson and
Hallberg, 2003). Acidophilic bacteria such as Leptospirillum ssp, Acidithiobacillus
ferrooxidans, Acidiphilium spp, Ferrimicrobium acidiphilum and Thermoplasma
acidophilum, have been isolated at pH 0.5-4.0 and 55-60°C (Gonzalez-Toril et al.,
2003).

Although high acid concentrations can normally break cell membranes and
destroy cells, numerous specific mechanisms have been adopted by acidophiles to
maintain their internal cellular pH at a neutral level (usually 7.2). These mechanisms
are demonstrated into two pathways: "passive™ regulation (no energy is required to
be exerted by the cell), and "active" regulation (which requires energy) (Booth,
1985).

Alkaliphiles have been classified as extremophiles which can live in high pH
environments (e.g. pH > 9, usually between pH 10-12). However, they cannot grow
below 9 or at neutral pH 6.5 (Horikoshi, 1999; Ulukanli and Digrak, 2001).

Alkaliphilic microorganisms occur in two groups: (a) haloalkaliphiles: which
require high salinity of 33% w/v NaCl and an alkaline pH (e.g. pH > 9); (b)

alkaliphiles: which necessitate alkaline pH of 9 or above (Engle et al., 1995; Me et
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al., 2004). A wide range of alkaliphilic microorganisms have been isolated from
various alkaline environments, such as Soda Lakes in Egypt, the Rift Valley of East
Africa and Western U.S.A. These locations are characterised by possessing high
concentrations of sodium carbonate, magnesium and salinity (5-30 % w/v NaCl) (Le
Borgne et al., 2008; Rese et al., 2004). Alkaliphilic microorganisms include Bacteria,
Archaea and Eukaryotes (Mangan, 2007). Many species of alkalitolerant bacteria
have now been isolated from alkaline environment such as Bacillus pasteurii,
Bacillus alcalophilus, Bacillus firmus and Chimaerecella alkaliphila; Bacillus firmus
is considered the most alkalitolerant bacterium (Kroll, 1990). Alkaliphilic
microorganisms can be isolated from acid and normal neutral environment for
example garden soil as well as from extremely alkaline saline environments
(Horikoshi, 1996,1999), some species of alkaliphilic Bacillus, Aeromonas,
Micrococcus, Pseudomonas, Actinopolyspora, Paracoccus; and Corynebacterium
have been isolated from neutral soils (Satyanarayana et al., 2005), while strains of
haloalkaliphilic cyanobacteria for example Arthrospira platensis, Cyanospira rippka,
Anabaenopsis sp, Spirulina sp, and Thiospirrilum have been isolated from soda lakes
(Kroll, 1990; Jones et al., 1998). Environments which are both highly saline and
alkaline such as Lake Magadi in the Rift valley of East Africa, Wadi Natrum in
Egypt and Owens Lake in California are red in colour because of the presence of
haloalkaliphilic archaea, such as Natronococcus occultus, Natronobacterium
greroryi and Natronobacterium pharaonis (Kroll, 1990; Satyanarayana et al., 2005).
1.4.4. Extremes of radiation

Radiation is divided into two groups: (a) radiation in the form of particles such as
neutrons, protons, electrons, alpha particles and (b) radiation as electromagnetic

waves such as X-rays, ultraviolet radiation, gamma rays, microwaves, radiowaves
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and infrared (Rothschild and Mancinelli, 2001; Oarga, 2009). Radioresistance relates
to organisms which can survive at high radiation levels and are tolerant of aridity and
heavy metals (Irwin, 2010). The solar spectrum of ultraviolet radiation (UV)
comprises three regions UV (A) the least harmful range from 320 to 400nm,
followed by UV (B) which range from 290 to 320nm, and finally UV(C) which
ranges from 200 to 290nm. UV(C) is a short wavelength ionising radiation, which
can damage microorganisms such as bacteria, fungi, protozoa and viruses (Freifelder,
1987, Gascon et al., 1995, Rothschild, 2002).

Deinococcus radiodurans provides the best example of radioresistance, and can
resist up to 20,000 Gy of gamma radiation and UV radiation (doses up to 1,000
joules per square meter) (Battista, 1997). Another example of radioresistant
microorganisms is Streptococcus mitis, which is considered to be a multi-
extremophile (Irwin and Baird, 2004). Rubrobacter sp and Dunaliella bardawil (a
green alga) can also live at high levels of radiations (Ferreia et al., 1999) and the
cyanobacterium Synechococcus sp, can survive exposure to 200 to 400 nm radiation
(Seckbach and Oren, 2007). Finally, microbes have developed mechanisms to repair
cell damage resulting from radiation effects (Oarga, 2009; Snider et al., 2009).

1.4.5. Extremophilic microorganisms in non-extreme environments

Various extremophilic microorganisms have been isolated from non-extreme
environments, for example thermophilic microorganisms from hot environments,
(e.g. Geobacillus) have been found in cold environments (Banat, 2004). Other
examples include alkaliphilic microorganisms which have been isolated from neutral
and acidic soil environments (Horikoshi, 1999); archaea which are generally linked
with extreme environments have also recently been isolated from non-extreme

environments (Ventosa, 2006). The culturing and isolation of a microbe from a
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certain environment does not therefore always mean that microorganism is able to
grow and reproduce there but may merely be able to survive in such conditions

(Peters and Conrad 1995; Echigo et al., 2005; Al'Abri, 2011).

1.5. Adaptation of bacteria to different stresses

Most microorganisms can adapt to what are regarded by humans as stress, such as
low or high temperatures, low or high pH, salinity and high UV stress environments
(Beales, 2004; Rahman et al., 2004). At high temperatures, thermophilic
microorganisms, can adapt by increasing protein stability e.g. by increasing the
number of disulfide bridges, exchanges between aromatic peptides and hydrogen
bonding between peptides (Elnasser et al., 2007; Maier et al., 2009). Thermophilic
microorganisms also produce solutes (e.g. di-inositol phosphate, diglycerol
phosphate and mannosylglycerate) which help stabilize proteins against thermal
degradation (de Miguel Bouzas et al., 2006; Madigan et al., 2012). Acidophilic
microorganisms have two mechanisms to enable them to grow and survive in acid
conditions (passive and active regulation) in “passive” pH regulation; the mechanism
primarily relies on re-enforcing the cell membrane against the extreme acidic
environment. The secretion of buffer molecules which help to raise the pH within
cells is important approach that microbes can passively regulate their pH (Raven and
Smith, 1973; Ahmed and Booth, 1983). Some microorganisms utilize “active” pH
regulation mechanisms, which allow them to pump hydrogen ions out of their cells
and through their cell walls at a constantly high rate (Baronofsky et al., 1984;
Gonzalez-Toril et al., 2003). By using one of the above mechanisms,
microorganisms can maintain their internal pH at optimal values (e.g. 6.5 to 7.0).
Alkaliphilic microorganisms can survive and grow at high pH when the adjustment

of internal pH is achieved by both passive and active regulation mechanisms
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(Habitatlar, 2002). Passive regulation system is achieved in two ways viz:
cytoplasmic pools of polyamines and low membrane permeability, while the active
regulation mode is driven by sodium ion channels. Some cells have been found to
contain cytoplasmic pools of polyamines within passive pH regulation. In particular,
some cells, which are rich in amino acids with positively charged side groups (lysine,
arginine, and histidine) are able to buffer their cytoplasm in alkaline environments.
Another mode of passive regulation is provided by low membrane permeability
which means that fewer protons move in and out of the cell.

Halophilic microorganisms have different ways of adapting to high salinity. They
can accumulate inorganic ions such as Na* and K" (Robertoson et al., 1990) and
organic osmolytes (compatible solutes) which accumulate in the cells of the
halophiles are usually sugars, polyols and amino acids such as glycine betaine,
ectoine, sucrose, trehalose and glycerol; these compounds do not disrupt metabolic
proces and have no net charge at physiological pH (Kempf and Bremer, 1998;
Gomes and Steiner, 2004; Kurz, 2008). Major exceptions are provided by
halobacteria and some other extreme halophiles which accumulate KCI equivalent to
the external concentration of NaCl (Sleator and Hill, 2002; Al'Abri, 2011).
Radioresistance organisms protect themselves, either actively or passively from the
adverse surroundings. Active protection is accomplished by moving away from lethal
environment by engaging mechanisms to repair damaged cell components, and
passively by accumulate certain protective compounds in their cells which protect
them against the harmful radiation (Oarga, 2009). Ultraviolet and the ionising
radiation inhibit microbial photosynthesis and damage nucleic acids. Direct effects

result from damage to DNA and indirectly by the breakdown of DNA strands or
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otherwise cause DNA mutation by producing reactive oxygen radicals (Rothschild,
2002; Yang et al., 2008).
1.5.1. Compatible solutes

Microorganisms synthesise compatible solutes to adapt to extreme environments.
Compatible solutes are polar, highly soluble molecules and uncharged in
physiological pH (Imhoff and Rodringuez-Valera, 1984; Galinski, 1993; Madigan et
al., 2003), and are found in bacteria, archaea and eucarya (Kurz, 2008; Madigan et
al., 2012). A range of different compatible solutes have been identified in
microorganisms (Table 1.11). Compatible solutes play a main role in protecting
microorganisms against different stresses, including high salinity, high temperature
and dehydration (Kempf and Bremer, 1998).

Additionally, compatible solutes and extremozymes are widely used in industry
(e.g. DNA polymerase) and are used in PCR, medical biotechnology and

bioremediation (van den Burg, 2003; Irwin and Baird, 2004; Maire et al., 2009).
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Table 1.11: Compatible solutes of microorganisms (Reproduced and updated from

Madigan et al, 2012)

Organism Main Minimum An example of

cytoplasmic water structure

solutes activity(aw)
8 - nt-c::uct:se
Sucrose
Marine cyanobacteria 0.92
Salt lack cyanobacteria Glycine betaine 0.92- CH; O
0.75 SN

Extremely halophilic KCI 0.75
Archaea and some Bacteria

Xerophilic and osmophilic ~ Glycerol H—C—OH

|
yeasts CHaOH

glyceral




1.5.2. Synthesis of compatible solutes

Based on the review by Roberts (2005), compatible solutes are divided in to
zwitterionic solutes, uncharged solutes, anionic solutes (carboxylates) and anionic
solutes (phosphate and sulphate) (Table 5.2). Organic compatible solutes are
synthesised by the microorganisms (i.e. the “low salt-in cytoplasm” type) inorganic
ions, mainly K* and CI", are accumulated in the cytoplasm to a level which resemble
the external salt concentration, (high salt in cytoplasm) In addition to de novo
synthesis, organic compatible solutes can be accumulated from the environment
(Oren, 2002). Mesophilic microorganisms synthesise glutamate, proline, glycine,
betaine and ectoine as main compatible solutes, whilst hyperthermophilic archaea
genes Thermococcus can synthesise aspartate (Empadinhas and da Costa, 2010). A
green sulphur bacteria Chlorobium limicola (a moderately halophile) accumulate
glycine betaine from its surroundings and synthesises trehalose which is then used as
an osmolyte (Satyanarayana et al., 2005). Halophilic and halotolerant fungi use
polyols (such as glycerol, erthritol, arabitol and mannitol), as osmotic solutes and
retain a low salt concentration in their cytoplasm. The ascomycetous yeast
Debaryomyces hansenii uses glycerol and polyol (arabitol) as main compatible
solutes for high salt resistance (Almalki, 2012). Moderately halophilic green algae
use polyols as compatibale solutes, such as glycerol, for their cell osmoregulation,
while halotolerant yeasts and green algae accumulate polyols; many halophilic and
halotolerant bacteria accumulate glycine betaine and ectoine (Al'Abri, 2011). The
cyanobacteria use glycine betaine as the main compatible solute for their cells salt
regulation (Schaechter, 2009). The main organic osmolytes which haloalkaliphilic
sulphur oxidising bacteria accumulate are ectoine and glycine betaine (Sorokin and
Kuenen, 2005). Gram-positive bacteria such as Staphylococcus use the amino acid

proline as a compatible solute (Madigan et al, 2012). Another example is provided
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by Micrococcus luteus which uses betaine and glutamate as its main compatible
solutes at high salt concentrations (Almalki, 2012). Additionally, Brevibacterium
stationis synthesizes betaine at high salinity (Abubaker, 2010), whereas, Gram—
negative bacteria such as Escherichia coli synthesise glutamate, glycine and proline

at high NaCl concentration (Cayley et al., 1992).
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Table 1.12: A variety of compatible solutes regarded as zwitterionic, uncharged,

anionic (carboxylates) and anionic (phosphate or sulphate) (Reproduced

and updated from Roberts, 2005)

Zwitterionic organic osmolytes
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+ OH
HN
/ﬁ il H
HyC N con

H

Ny-acetyldiaminobutyrate
0

CHaﬂ-N H-[:HP_-CHP_EH 000

+NH,

Ne-acetyl-f-lysine
i
We™ N 000
H

+ NH"}

f-glutamine
. NH
00C )

+NH3 D

Uncharged organic osmolytes
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h o o b il g
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L-t-elutamate e :
= CH20OH CH,OH
+NH3 - 0 0
- H H H
/\/k . . \ " H e
. oH H/Loo
- 0 O-CH OH O 0-CH
00C (00 +H | . o .
3 g oOH COO H Coo
H
Anionic organic osmolytes (phosphate or sulphate)
a-diglycerol phosphte mannosyl.DIP di-myo-inositol- 1,1"-phosphate sulfotrehalose
3 5
0 [ CH,OH H  OH
H o) o O oM ; ) v y
HO ) P,,P\0 | o- H H OH H
.D} OH int|)silo\ ) 0 A i) OH H o HOH,C OH
0
OH OH mannose ? H 4 0s0; N

mannose

58




1.6. Aims of the Project

A variety of samples were collected from different desert soils, desert varnish, and
volcanic ash soils. The biogeochemistry and microbiology are studied in order to
determine the microbial activity in these soils and the results were compared with
microbial activity in a fertile agricultural loam soil. Bacterial population densities in
the desert surface soils and fertile loam soils were also determined. Four microbial
processes were selected for study, namely: nitrification, urea hydrolysis, the
oxidation of elemental sulphur to sulphate, and finally phosphate solubilisation.

The second aim was to determine the microbial biodiversity of various primitive
desert surface soils and a range of rock samples, using molecular identification
techniques including both 16S and 18S rRNA gene sequencing of microbial isolates.
Classical microbiology and molecular techniques were employed to identify and
characterise extremophilic bacteria, isolated from non-extreme environments. The
area of the volcano from which this bacterium was isolated, has not been recently
active.

The third aim was to determine the accumulation of compatible solutes by
Geobacillus thermoleovorans, subjected to high temperatures stress, Enterobacter
mori, subjected to various salinity and pH values and Pseudomonas putida, when
exposed to a range of salinity concentrations using nuclear magnetic resonance
spectroscopy (NMR) to determine how these bacteria are adapted to grow, or do they
just survive, in a mesophilic environment.

Finally, various desert surface soils, rock samples and other environmental
samples were tested with the aim of detecting the presence of Mycoplasma using
PCR to detect culturable- independent Mycoplasma DNA in these environmental

samples.
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CHAPTER 2

STUDIES ON MICROBIAL ACTIVITY IN DESERT
SURFACE ENVIRONMENTS

2.1. Introduction

Studies on biogeochemical cycles have illustrated the geochemical reactions
between living microorganisms and the minerals in soil surfaces, oceans and
freshwaters (Schlesinger, 1997; Maier et al., 2009; Madigan et al., 2012). Biological
activity in the soil environment drives a number of the key ecosystem processes that
control the global system, notably the cycling of the major important elements such
as sulphur, nitrogen, carbon and phosphorus (Fitter et al., 2005); microorganisms
play the main role in the cycling of elements in soils also in the environment (Atlas
and Bartha, 1997).

The aim of the work reported in this Chapter was to determine the biochemistry
and microbiology of a variety of primitive desert surface soils and if the thin biotic
cover which they maintain influence microbial activities; the results being compared
with activity in a fertile agricultural loam soil. Bacterial population densities in the
desert surface soils and fertile loam soils were also determined. Four microbial
processes were selected for study namely: nitrification, urea hydrolysis, the oxidation
of elemental sulphur to sulphate, and finally phosphate solubilisation. The sites
studied as shown in the following figures:

A) Desert surface soils with lichen cover (Fig 2.1a) and without lichen cover (Fig
2.1b) were obtained from Tabernas in Spain, located in the north of Almeria (37.05°

N, 2.38° W).

61



B) Volcanic ash with plant cover (Fig 2.1c) and without plant cover (Fig 2.1d) from
the French Indian Ocean Island of Reunion. Located off the southern coast of Africa

east of Madagascar (21° 06’ S, 55° 36" E).

C) Desert varnish (Fig 2.1e) and without varnish layers (Fig 2.1f) from Ashikhara in
Oman, located 200 km south of Muscat (21° 51’ 14" N, 59° 34’ 50" E).
D) Agricultural loam soil from the peak district national park near Sheffield, located
in northern Derbyshire (53° 21’ N, 1° 50’ W).
2.2. Materials and Methods
Surface desert samples were used (0-5cm). All samples were stored in polythene
bags (20cm square) at room temperature until used, chemical analyses were then
performed. Special methods were used in the collection of rocks samples:
1. Samples were collected as aseptically as possible.
2. Samples were taken downwind to minimize the risk of possible
contamination.
3. Rocks should were collected at arm’s length with sterile gloves and placed
within sterile Whirl-pak bags or similar.
4. Loose dirt on the underside of rocks was carefully removed in the field.
5. Whirl-pak bags were further wrapped to prevent damage or contamination.
6. Desert varnish was harvested from the sample using a laminar flow cabinet.
7. Desert varnish layer was ground from the rock sample using a Dremel
grinding tool with a flame-sterilized course bit, the product being placed in a

sterile container.

This approach aimed to minimize the possibility of atmospheric contamination and
to ensure, as far as is possible, that the bacteria isolated originated from within the

varnish (Khulman et al., 2005).
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Figure 2.1: Desert surface soils (a) with lichen cover (b) without lichen cover.
Volcanic ash soils (c) with plant cover (d) without plant cover.

Desert varnish (e) with varnish layers (f) without varnish layers.
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2.2.1. Preparation of desert varnish powder

Desert varnish or rock varnish samples collected from Ashikhara, Oman were
powdered at the preparation laboratory, University of Sheffield Department of

Geography by using the mill (Fig 2.2); the powdered samples were stored in

polythene bags until used for chemical analyses.

Figure 2.2: Mill used to prepare powdered samples at the University of Sheffield

Department of Geography.
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2.2.2. Measurement of pH of samples

Soil samples pH were determined by suspending samples in ultrapure water 1:1 (
10 grams soil in 10 ml ddH,0) and shaking them for 30 min on a reciprocal shaker
(150 revolutions min™); pH was determined by using a pH meter fitted with a glass
electrode (3310, Jenway Ltd, UK).

2.2.3. Determination of soil microbial numbers (CFU)

Microbial diversity was estimated by selecting, plating and a directly counting the
number of viable microorganisms. There are many advantages to plate counting.
The procedure is fast, inexpensive and can produce useful information about a
population. Plate counts however, favour bacteria and fungi, which grow fast and
can produce enormous numbers of spores. The factors which influence the accuracy
of this method include temperature, pH and light, all of which can limit the extent of
the microbial community (Kirk et al., 2004).

Soil (10g) from each sample was suspended in 90ml of sterile Ringers solution (
1/4 strength) shaken for 15min on an orbital shaker (250 rpm) then diluted serially
with same solution then 0.1ml was spread on the surface of Plate Count Agar which
was prepared by suspending 17.5g, containing (tryptone 5.0g, yeast extract 2.5g,
glucose 1.0 g, agar 9.0g and dH,O 1L) and boiled to dissolve the ingredients
completely then the pH was adjusted to pH 7.2 and autoclaved after that, using 3
plates for each sample. The plates were incubated at (25°C +0.5°C for 1-3 days to
enumerate the bacteria (Meintanis et al., 2006).

The total bacterial count was studied at seven day intervals for agricultural loam
soil which was collected from the Sheffield district, desert surface soils with lichen
cover and without lichen cover from Tabernas, Spain. Volcanic ash with and without

plant cover from the French Indian Ocean Island of Reunion was also used. Desert
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varnish and control (without varnish layers) collected from Ashikhara, Oman was

also used.

2.2.4 Determination of the oxidation of ammonium to nitrate in desert surface
soils

All soil samples (50g) were placed in polythene bags and amended with
(NH,),SO, solution (5ml, 100pug NH,*-N mI™) and mixed thoroughly. A control was
set-up lacking added (NH,4),SO,4 solution. The modified soils were incubated in
polythene bags closed with a small hole to allow for gas exchange. The bags were set
up in triplicate and incubated for 28 days at 25°C+ 0.5°C At zero time and at 7 day
intervals samples were extracted.

After incubation (1g) soils were placed into screw capped glass bottle with (10
ml) deionised water to extract nitrate, after shaking for 15min at 100 rpm on an
orbital shaker, the samples were filtrated through Whatman No.1 filter paper.

Nitrate Determination

Nitrate was determined by using the method of Sims and Grant (1971).
Chromotropic acid (CTA) reagent (7ml) was mixed with 3ml of filtrate the mixture
was cooled in cool water and incubated at 40°C in water bath for 45 minutes; the
yellow colour CTA-NO3; formed was measured at 410 nm and the concentration of
nitrate was determined by reference to a standard curve (0-100 NOs-N ml™) prepared
from standard solution of NaNO3 (see Appendix A)

Reagents: Chromotropic acid

1- Stock solution
It was prepared by dissolving 1.84 g of Chromotropic acid C19HsOgS;Na; in 1 litre

of sulphuric acid H,SO, .The solution was stored at 4°C for several months.
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2- Working solution
A working solution was prepared by diluting 100 ml of stock solution in 990 ml of
concentrated H,SO, then added 10 ml concentrated HCI using fume hood and the

solution was stored at 4°C for several weeks only.

2.2.5. Determination of the hydrolysis of urea to ammonium in desert surface
soils

Each soil (50g) was placed in polythene bags and amended with (0.5g urea)
(10mg CH4N,O-N g ™) and mixed thoroughly. A control was set-up lacking added
CH4N,0 urea. The modified soils were incubated in polythene bags then the bags
were closed with a small hole to allow for gas exchange. The bags were set up in
triplicate and incubated for 28 days at 25°C. At zero time and at 7 days intervals
samples were extracted. Ammonium was extracted from the soil with a solution of
KCI (150 g KCI / 1000 water) in the ratio: (1g) soil: (10ml) KCI. The soil was shaken
for 30min at 100 rpm on an orbital shaker then filtered through filter paper Whatman
No.1.

Determination of ammonium

Filtrate (2ml) was added to (Iml) of EDTA (6% wi/v), (7ml) of distilled water,
(5ml) of phenolate reagent and (3ml) of sodium hypochlorite solution (10%v/v). The
reaction mixture was mixed thoroughly and incubated at 25°C+0.5°C for 20min in
the dark. The volume was made up to 50 ml and mixed and the concentration of the
indophenol-blue ammonium complex was measured at 630 nm (Wainwright and
Pugh, 1973) the concentration of ammonium intensity was then determined by
reference to standard curve (0-50pug NHs-N ml™) prepared from a standard solution

of ammonium sulphate (NH,),SO, (see Appendix A).
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Reagents:

1) Ethylenediaminetetraacetic acid (EDTA):

EDTA (60 g) was dissolved in (900 ml) of distilled water then diluted tolL.
2) Phenol solution:

Phenol (62.5 g) was dissolved in ethanol (25 ml) and adding acetone
(18.5ml) to made up to 100 ml. The phenol solution should store in the dark at
4°C.

3) Phenolate reagent:

20 ml of phenol solution was mixed with (20 ml) hydroxide sodium (27%
NaOH wi/v) and diluting to 100 ml. The reagent was prepared new daily.

2.2.6. Determination the oxidation of sulphur in desert surface soils

Each soil (50g) was placed in polythene bags and amended with (0.5g elemental
S) and mixed carefully. A control was set-up lacking added elemental S. The
modified soils were incubated in polythene bags, closed with a small hole to allow
for gas exchange. The bags were set up in triplicate and incubated for 28 days at
25°C+0.5°C. At zero time and at 7 days intervals samples were extracted. Soil
samples (1g) were shaken with (10ml) of LiCl (0.1 M) for 15 min at 100 rpm using
an orbital shaker and then the samples were filtrated through Whatman No.1 filter
paper.

Determination of sulphate

The turbidimetric sulphate method was used to determine the oxidation of sulphur
(Hesse, 1971). To (5ml) filtrate in 50ml volumetric flask (1g) Barium chloride and
(2ml) of gum acacia (0.25% wi/v) were added and mixed. The volume was made up
25ml with distilled water. The resultant white suspension was measured at 470nm by

using spectrophotometer. The sulphate concentration was determined by reference to
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a standard curve (0-100 pg SO, >-S ml™Y) prepared from a standard solution of
Na,SO4 (see Appendix A).

2.2.7. Determination of phosphate solubilisation in desert surface soils

Each soil (50g) was placed in polythene bags and amended with (0.5g calcium
phosphate CaPO,4) and mixed carefully. A control was set-up lacking added calcium
phosphate. The modified soils were incubated in polythene bags, closed with a small
hole to allow for gas exchange. The bags were set up in triplicate and incubated for
28 days at 25°C. At zero time and at 7 days intervals samples were extracted.

(10g) soils were shaken for 30min with (100ml) of (0.5M NaHCO3) at 100 rpm
using an orbital shaker then the samples were filtered through Whatman No.1 filter
paper.

Determination of phosphate

Phosphate was determined by using the method described in Falih (1995). A
working solution o (7ml) was mixed with 3ml of filtrate then incubated at 37°C for 1
hour; the blue colour formed was measured at 820nm by using a spectrophotometer
and the concentration of phosphate was determined by reference to a standard curve
of (0-100ug PO,-P ml™) prepared from a standard solution of Na,HPO, (see

Appendix A).

Reagents:

1- Stock Solution

A) Ascorbic acid 10g was dissolved in100ml of distilled water.
B) Ammonium molybdate 0.42g was dissolved in 100ml of 1N H,SO,4 (28ml of
H,SO, in 1 litre distilled water).

2- Working Solution

1 volume of ascorbic acid (10%) was mixed with 6 volume of ammonium
molybdate (0.42%).
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Statistics

All observations were presented as Mean = SE (Standard error). The data was
analyzed by SigmaPlot® (Version11.0) P < 0.05 was considered as significant.
Paired two or three samples t-test was performed to check whether means were

significantly different.

2.3. Results and Discussion

2.3.1. Measurement of pH
Soil pH from 6.6 to 8.0 is generally quoted as being the optimum pH for

nitrification meanwhile, the optimum pH for phosphate solubilisations is pH 6.5 and
sulphur oxidation can take place in the pH range between pH 2 - pH 9 (USDA, 1996;
Maier et al., 2009). Iron, manganese and phosphorus are readily available at high pH
soil, whereas a low pH soils favours calcium and magnesium availability (USDA,
1996).

The pH of the desert soil with lichen was pH 7.5, desert soil without lichen was
pH 8.0, volcanic ash with plant cover was pH 7.5, and volcanic ash without plant
cover was pH 8.0, desert varnish ranged between pH 9.0 to pH 8.6 and the
agriculture soil was pH 7.6.

2.3.2. Counting of colony forming units (C.F.U)

The total bacterial count of bacteria was determined in soil samples. The highest
bacterial count was found in the agricultural soil (Fig 2.3a). As expected, the
bacterial count of the desert soil was lower than in non-desert soils and increased in
regions associated with lichen and plant cover. The C.F.U. in the agricultural soil
was six times higher than in desert soil without lichen cover and four times larger
than in desert soils with lichen cover (Fig 2.3a). It can be clearly seen that the highest

bacterial were seen in the agricultural soil while much lower numbers were found in
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volcanic ash soil (Fig 2.3b). The highest bacterial counts in the agricultural soil being
seven times higher than in the volcanic ash without plant cover and six times higher
than in volcanic ash with a plant cover; the presence of a plant cover obviously
therefore increases the bacterial count of these primitive soils. The number of
bacteria present in these soils also decreased during the incubation period. In Fig
2.3c; it is noticeable that there was a gradual decrease in the bacterial count in both
the desert varnish and the control. The highest number of colony forming units was,
not surprisingly, found in the agricultural soil, while the lowest numbers were found
in the desert varnish samples. There was a slight different between desert varnish and

control without varnish.
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*significant difference from control value, P < 0.05.
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2.3.3. Net nitrate production from oxidation of ammonium

The oxidation of ammonium to nitrate results from the activity of autotrophic,
heterotrophic and chemoautotrophic bacteria, as well and to a lesser extent from
heterotrophic fungi. Fig 2.4a, b, ¢ and d show the nitrate production from the
oxidation of ammonium over the four week incubation period. Fig 2.4a shows the
agricultural soil treatment and control; the maximum nitrate production being found
at week 3 in both treatment and control. This shows that the oxidation of ammonium
to nitrate is associated with vegetation cover. Fig 2.4b shows desert soil with lichen
cover treatment and control. The highest nitrification was established at week 2 then
there was a large decrease at week 3 and 4. Fig 2.4c shows the results for the desert
soil without lichen cover treatment and control. It can be clearly seen that there was
no difference between the treatment and the control over the length of incubation.
Fig 2.4d shows a comparison between the agricultural soil (treatment) and desert soil
with and without lichen cover (treatment). It shows that the amount of nitrate was
found in the agricultural soil increased to 7 day and the highest nitrate production
occurred at week 3. However, the highest nitrification in desert soil with lichen cover
at week 2, whilst there was no change in the concentration found in desert soil
without lichen cover during the whole period of incubation. The expected outcome
was seen, namely that the agricultural soil would exhibit the highest rates of nitrate
production then the desert soil having a lichen cover, followed by the desert soil

without lichen cover.
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Figure 2.4 d; Nitrate production from the oxidation of ammonium in different soil;
agricultural soil (=—#=) (treatment) desert soil with lichen cover
(=) (treatment) and desert soil without lichen cover (—#—)
(treatment). Means of triplicates (+) standard error (SE).
*significant difference from control value, P < 0.05.
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The results given in Fig 2.5a and 2.5b show that the oxidation of ammonium to
nitrate in volcanic ash with and without plant cover (treatment) and the control over a
four week incubation period. Fig 2.5a refers to the volcanic ash with plant
(treatment) and the control. There was an increase in the amount of nitrate
production from the oxidation of ammonium throughout the whole incubation period
in the treatment soil, whereas there was a slight increase of nitrate concentration in
the control. Fig 2.5b shows that nitrate production in volcanic ash without plant
cover (treatment) and control; it is noticeable that the concentration of nitrate is low
in both treatment soil and control. Fig 2.5c illustrates the compare between
agricultural soil (treatment) and volcanic ash with and without plant cover
(treatment). The results show that there is a significant difference in the rate of nitrate
production in the soils examined, with highest rates being found in the agricultural
soil. Microbial nitrification occurred at week 3 in the agricultural soil .Moreover,
there is a slightly different of the rates of production between volcanic ash with plant
and without plant cover. In addition, there is no change in nitrate production in
volcanic ash with and without plant cover in throughout the length of incubation. In
contrast, it is expected that nitrification is higher in the amended agricultural soil and
the amount of nitrate formed is similar in both volcanic ash with and without plant
cover. Fig 2.6a and 2.6b show the oxidation of ammonium in desert varnish soil and
control. In addition, compare it with the amended agricultural soil. In Fig 2.6a the
amount of nitrate production increased gradually and the highest rate found at week 4
in desert varnish. Moreover, there was a slight rise in nitrate concentration in control
during 28 days. In Fig 2.6b the highest rate of ammonium oxidation occurred in the
agricultural soil at week 3. Meanwhile, there was a slight different between the desert

varnish and control. The levels of nitrate production found in agricultural soil are
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almost 4 times higher than those found in desert varnish soil , whether covered by

varnish or not .
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Figure 2.5 a; Nitrate production from the oxidation of ammonium in volcanic ash

with plant cover (=€) (treatment) and (=) control
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Figure 2.5 b; Nitrate production from the oxidation of ammonium in volcanic ash
soil without plant cover (=) (treatment) and ( —#=) control.
Means of triplicates (1) standard error (SE).
*significant difference from control value, P < 0.05.
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Figure 2.5 c; Nitrate production from the oxidation of ammonium in different soil,
agricultural soil (=€) (treatment) volcanic ash with plant cover
(=€) (treatment) and volcanic ash without plant cover (=)
(treatment).
Means of triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.6 a; Nitrate production from the oxidation of ammonium in ( =) desert
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Figure 2.6 b; Nitrate production from the oxidation of ammonium in different soil;

agricultural soil (== (treatment), desert varnish ( =) and

(=4=) control. Means of triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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2.3.4. Ammonium production from the hydrolysis of urea

A whole range of heterotrophic bacteria gain energy and carbon by hydrolysing
urea to form ammonium. Urea was added to soil samples, which is converted to
carbon dioxide and ammonia by the enzyme urease in the soil. Ureases are formed by
soil microbes, plants and animals.

Results from the hydrolysis of urea to ammonium in agricultural soil and desert
surface soils with and without lichen cover (treatment) and control are shown in Fig
2.7a, b and c in addition; Fig 2.7d shows a comparison between all three soils
(treatment) over the four week incubation period. Fig 2.7a shows the ammonium
production from the hydrolysis of urea in agricultural soil (treatment) and control. It
shows clearly that the levels of ammonium was substantially increased after 14 days
and that the highest ammonium production was found at week 2 while there was no
ammonium production in the control sample at some sampling points after 28 days.
Fig 2.7b and 2.7c show that the amount of ammonium production in desert soil with
lichen cover and without lichen cover after 1week and reached a peak at 2 week then
the amount of ammonium produced decreased gradually. On the other hand, the
control remained stable throughout the incubation period in both soils. Fig 2.7d
compares the agricultural soil (treatment) with desert soil with and without lichen
cover (treatment).lt shows clearly, the amount of ammonium was found in the
agricultural soil increased to 7 day and the highest ammonium production occurred at
week 2. However, the highest hydrolysis of urea in desert soil with lichen cover and
without lichen covers at the week 3 sampling point. The expected outcome was
found, namely that the agricultural soil exhibits a higher rate of ammonium
production then the desert soil having a lichen cover next , followed by the desert

soil without lichen cover.
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Figure 2.7 a; Ammonium production from the hydrolysis of urea in agricultural soil
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Figure 2.7 b; Ammonium production from the hydrolysis of urea in desert soil with
lichen cover (=) (treatment) and ( =) control.

Means of triplicates (1) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.7c; Ammonium production from the hydrolysis of urea in desert soil

without lichen cover ( =€) (treatment) and (=¢=) control
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Figure 2.7 d; Ammonium production from the hydrolysis of urea in different soil;
Agricultural soil (=%==) (treatment) desert soil with lichen cover
(== ) (treatment) and desert soil without lichen cover ( —€— )
(treatment).
Means of triplicates (1) standard error (SE).
*significant difference from control value, P < 0.05.
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The results provided in Fig 2.8a and 2.8b show that the concentration of
ammonium in volcanic ash with and without plant cover (treatment) and control at
four week incubation period. Fig 2.8a refers to the volcanic ash with plant
(treatment) and the control. There was a gradual increase in ammonium production
from the hydrolysis of urea throughout the whole treatment period and the
ammonium production peaked at 28 days whereas there was a minimal increase of
ammonium concentration in the control over the 28 days. Fig 2.8b shows the
ammonium production in volcanic ash without plant cover (treatment) and control; it
is noticeable that the concentration of ammonium fluctuated slightly for the period of
14 days then there was a gradual rise in ammonium production at week 3 and 4,
whereas the concentration of ammonium in the control soil increased gradually to
reach a peak at the 4 week sample. Fig 2.8c shows the comparison between the
agricultural soil (treatment) and volcanic ash with and without plant cover
(treatment). The results show that the concentration of ammonium in the agricultural
soils is higher than in the volcanic ash with plant than in the volcanic ash without
plant cover. Additionally, the levels of ammonium in agricultural soil are seen to be
three times higher than in the volcanic ash without plants cover, while being two
times greater than in volcanic ash with plant cover. Fig 2.9a and 2.9b show the
hydrolysis of urea to ammonium in desert varnish soil and control. In Fig 2.9a; the
amount of ammonium production increased gradually and the highest rate was found
at week 4 in desert varnish. Moreover, there was a slight rise in ammonium
concentration in the control during 28 days. In Fig 2.9b the highest rate of
ammonium oxidation is seen to occur in the agricultural soil at week 2, and there was

only a small difference between the desert varnish and control. The levels of
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ammonium production found in agricultural soil are almost 3 times higher than those

found in desert surface soil , whether covered by varnish or not .
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Figure 2.8 a; Ammonium production from the hydrolysis of urea in volcanic ash soil
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Figure 2.8 b; Ammonium production from the hydrolysis of urea in volcanic ash soil

without plant cover (===) (treatment) and ( —#—) control.
Means of triplicates (1) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.8 ¢c; Ammonium production from the hydrolysis of urea in different soil;
agricultural soil ( =&=) (treatment) volcanic ash with plant cover

(=€) (treatment) and volcanic ash without plant cover (=—=)
(treatment).

Means of triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.9 a; Ammonium production from the hydrolysis of urea in (=4 desert
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2.9 b; Ammonium production from the hydrolysis of urea in different soil,

agricultural soil ( === (treatment) desert varnish ( =4 ) and
(—4—) control. Means of triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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2.3.5. Sulphate production from oxidation of elemental sulphur

Elemental sulphur was added to the soil samples; this activates S-oxidizing
bacteria leading to the production of sulphate and hydrogen ions (i.e. acidity).
Sulphur oxidation occurred in all sample soils and was not surprisingly greater in the
soil amended with elemental sulphur compared to the control. Fig 2.10a, b, c and d
show the oxidation of sulphur in agricultural soil and desert soil with and without
lichen cover over the four week incubation period. Fig 2.10a shows the results for the
agricultural soil (treatment) and control. The results show that microbial S-oxidation
of sulphur increased from day 7 and continued increasing throughout 28 day
incubation period while there was slight rise in sulphate concentration in the control
at 28 days. Fig 2.10b the results show that the amount of S-oxidation of sulphur
found in desert soil with lichen cover (treatment) and control. There was a
considerable increase in sulphate production during 4 week (treatment); the control
increased steadily through 28 days. Fig 2.10c shows results for the desert soil without
lichen cover (treatment) and control. It can be clearly seen that there was a
significant rise between treatment and control throughout the length of incubation.
Moreover, oxidation of sulphur reached a peak of week 4. Fig 2.10d compares data
between the agricultural soil (treatment) and the desert soil, with and without lichen
cover (treatment). The results show that microbial oxidation of sulphur increased
from day 7 and continued increasing throughout the 28 day incubation period. The
highest oxidation in agricultural soil, then the desert soil with lichen cover and then

desert soil without lichen cover.
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Figure 2.10 a; Sulphate production from oxidation of elemental sulphur in
agricultural soil (=== (treatment) and ( %) control.
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Figure 2.10 b; Sulphate production from oxidation of elemental sulphur in desert
soil with lichen cover ( —#-) (treatment) and ( —d—) control

Means of triplicates (1) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.10 c; Sulphate production from oxidation of elemental sulphur in desert soil

without lichen cover (=@=) (treatment) and (== control.
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Figure 2.10 d; Sulphate production from oxidation of elemental sulphur in different
soil; agricultural soil (==s&=) (treatment) desert soil with lichen
cover (—#— ) (treatment) and desert soil without lichen cover (
—@—) (treatment). Means of triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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The results given in Fig 2.11a and 2.11b show that the concentration of sulphate in
volcanic ash, with and without plant cover (treatment), and control at four week
incubation period. Fig 2.11a illustrates the volcanic ash with plant (treatment) and
the control. There was marked sulphate production at 7 day, followed by a large
decrease at 14 day; the sulphate concentration then remained stable at 21and 28 days.
In the same time the control has the minority sulphate production during 28 day.

Fig 2.11b shows the sulphate production in volcanic ash without plant cover
(treatment) and control. It is noticeable that the highest concentration of sulphate
occurred at week 1 and that there was a small decrease through week 2, 3 and 4.
There was no change in sulphate production in the control in throughout the length of
incubation. Fig 2.11c shows the comparison between agricultural soil (treatment) and
volcanic ash with and without plant cover (treatment).

The results show that microbial oxidation of sulphur in agricultural soil increased
from day 7 and continued increasing throughout the 28 day incubation Period. The
highest rate of S-oxidation occurred in the agricultural soil, while there was only a
small difference between the sulphate content of the volcanic ash with plant and
without plant cover. The concentrations of S-oxidation found in agricultural soil are
almost 4 times higher than those found in volcanic ash, whether covered by plants or
not. Fig 2.12a, b shows the oxidations of sulphur in desert vanish soil and control.
Fig 2.12a shows that the amount of sulphate production increased gradually after 7
day and the highest rate found at week 4 in desert varnish and control, the same trend
being found in the control after 7 day. Fig 2.12b shows that the highest rate of
sulphur oxidation occurred, over the 28 day period, in the agricultural soil.
Meanwhile, there was a slight different between the desert varnish and control. The

highest level of sulphate production was found in agricultural soil, while there was
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some change in sulphate production in desert varnish and desert soil without varnish

layer through 28 days.
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Figure 2.11 a; Sulphate production from oxidation of elemental sulphur in volcanic

ash with plant cover ( =€) (treatment) and (=) control
160 -

140

80, s ng (g dry soil)

0 time 1 week 2 week I week 4 week

Length of incubation

Figure 2.11 b; Sulphate production from oxidation of elemental sulphur in volcanic

ash without plant cover ( == (treatment) and ( =) control.
Means of triplicates () standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.11 c; Sulphate production from oxidation of elemental sulphur in different

soil; agricultural soil ( ==& ) (treatment) volcanic ash with plant

cover ( =€) (treatment) and volcanic ash without plant cover
( =—&—) (treatment).

Means of triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.12 a; Sulphate production from oxidation of elemental sulphur in (=)
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Figure 2.12 b; Sulphate production from oxidation of elemental sulphur in different

soil; agricultural soil (=) (treatment) desert varnish ( =#—) and

(=#—) control. Means of triplicates (+) standard error (SE).
*significant difference from control value, P < 0.05.
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2.3.6. Phosphate solubilisation

Fig 2.13a, b, ¢ and d show the phosphate solubilisation over the four week
incubation period. Fig 2.13a shows that microbial phosphorus solubilisation
increased sharply after 7 day and then there was a gradual decrease at week 2, 3 and
4 in both treatment and control. This shows that microbial phosphorus solubilisation
is associated with vegetation cover. Fig 2.13b shows the desert soil with lichen cover
treatment and control. The highest phosphate solubilisation was established at week
4. However, there was a slight different between the treatment soil and the control
during 21 day of incubation. Fig 2.13c shows the results for the desert soil without
lichen cover treatment and control. It can be clearly seen that there was no change
between treatment and control throughout the length of incubation; the highest
solubilisation being found after four weeks incubation. Fig 2.13d compares the
agricultural soil (treatment) with desert soil with and without lichen cover
(treatment). It shows clearly that there was a significant difference in the rate of
phosphate solubilisation in agricultural and desert soils, with highest rates being
found in the agricultural soil at week 1. On the other hand, there was no change in
phosphate solubilisation in desert soil with and without lichen cover through the

entire incubation period.
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Figure 2.13 a; Phosphate solubilisation in agricultural soil (=) (treatment) and
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Figure 2.13 b; Phosphate solubilisation in desert soil with lichen cover ( =—G—)
(treatment) and ( =) control.

Means of triplicates (1) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.13 c; Phosphate solubilisation in desert soil without lichen cover (=is=)
(treatment) and ( =) control.
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Figure 2.13 d; Phosphate solubilisation in different soil; agricultural soil (=)
(treatment) desert soil with lichen cover ( =—€— ) (treatment) and
desert soil without lichen cover ( =%= ) (treatment). Means of
triplicates () standard error (SE). *significant difference from
control value, P < 0.05.
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The results given in Fig 2.14a and 2.14b show the phosphate solubilisation in
volcanic ash with and without plant cover (treatment) and control at four week
incubation period. Fig 2.14a refers to the volcanic ash with plant (treatment) and the
control. It can be clearly seen that the concentration of phosphate solubilisation occur
at week 1with the highest solubilisation and there was a small decrease through week
2, 3 and 4. There was no change in phosphate solubilisation production in the control
throughout the length of incubation. Fig 2.14b shows that phosphate solubilisation in
volcanic ash without plant cover (treatment) and control. The highest solubilisation
was seen at week 2 then there was a slight decreased at week 3. However, the control
remained constant during 4 week. Fig 2.14c shows the comparison between
agricultural soil (treatment) and volcanic ash with and without plant cover
(treatment). The results show that the concentration of phosphate solubilisation in the
agricultural soils are higher than in the volcanic ash with plant then in the volcanic
ash without plant cover. Meanwhile, there was a slight difference between the
phosphate content of the volcanic ash with plant and without plant cover. The levels
of phosphate solubilisation found in agricultural soil are almost 4 times higher than
those found in volcanic ash, whether covered by plants or not. Fig 2.15a, b shows the
phosphate solubilisations in desert vanish soil and control. In Fig 2.15a the amount of
phosphate production increased gradually and the highest rate found at week 3and 4
in desert varnish. Moreover, there was a slight rise in phosphate concentration in
control during 28 days and the control value remained steady through the length of
incubation. In Fig 2.15b the highest rate of phosphate concentration occurred in the
agricultural soil after 7 day. Meanwhile, there was a slight different between the
desert varnish and control. The highest levels of phosphate production was found in

agricultural soil and there was no change in phosphate production in desert soil
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without varnish layer throughout the 28 day incubation period, while there was a

slight increased in desert varnish during 28 days.
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Figure 2.14 a; Phosphate solubilisation in volcanic ash soil with plant cover
(—&— ) (treatment) and ( —4#=) control.
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Figure 2.14 b; Phosphate solubilisation in volcanic ash soil without plant covers
(=0=) (treatment) and ( =€) control.
Means of triplicates (+) standard error (SE).

*significant difference from control value P < 0.05.
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Figure 2.14 c; Phosphate solubilisation in different soil; agricultural soil (===
(treatment) volcanic ash with plant cover (=€) (treatment) and
volcanic ash without plant cover (=& (treatment)

Means of triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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Figure 2.15 a; Phosphate solubilisation in (=#=) desert varnish soil and (=d=)

control.
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Figure 2.15 b; Phosphate solubilisation in different soil; agricultural soil (==e=)

(treatment) (—#—) desert varnish and (=#=) control. Means of
triplicates (+) standard error (SE).

*significant difference from control value, P < 0.05.
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2.4. Conclusions

The conclusion from Microbial Counts: Bacterial counts were found in the order:
agricultural soil > desert soil with and without lichen cover > volcanic ash with and
without plant cover > desert varnish and control (without varnish layers). This
finding is what would be expected considering the relative organic matter contents of
the three soils, which is expected to be in the same order as the bacterial counts. The
decline in numbers of bacteria is assumed to be due to soil drying since the soil
moisture content was not maintained constant over the incubation period.

The main conclusions from the study of the four microbial processes are: the
highest level of microbial activity was found in agricultural soil and the lowest
microbial activity was found in desert varnish. Ureases are produced by soil
microbes and soils with low organic matter will posses low urease activity; microbial
activity in desert soils was seen to be lower than in non-desert soils and increases in
regions associated with lichen cover. The same trend was found in nitrification, urea
hydrolysis and the oxidation of elemental sulphur to sulphate. The microbial activity
as found in the order: agricultural soil > desert soil with and without lichen cover >
volcanic ash with and without plant cover > desert varnish and control (without
varnish layers). On the other hand, the highest level of phosphate solubilisation was
found in the order: agricultural soil > volcanic ash with and without plant covers >

desert varnish and control > desert soil with and without lichen cover.
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CHAPTER 3

MICROBIAL DIVERSITY ON DESERT SURFACES AND ROCK
SAMPLES BY USING 16S AND 18S rRNA GENE SEQUENCING

3.1. Introduction

Microbial diversity has commonly been defined to include genetic diversity that is
“the amount and distribution of genetic information within microbial species”.
Microbial diversity has been quantified by various counting techniques which
include the plate count technique; in which colonies of unknown species are firstly
isolated using specific media and then identified by using either 16S rRNA or 18S
rRNA gene sequences (Nannipieri et al., 2003). The molecular analysis of either 16S
or 18S rRNA gene has recently become fundamental for research studies examining
the diversity of prokaryotic and eukaryotic microorganisms in the environment.
Modern molecular methods, such as PCR and sequencing techniques, have
significantly provided important insights into the field of prokaryotic and eukaryotic
diversity (Griffith et al., 2000). The 16S rRNA gene has been chosen to study
bacterial phylogeny because all bacteria have this gene, moreover the function of the
16S rRNA gene has not changed, over time, and it is a 1.5 Kb sized gene which is
reasonably easily sequenced (Patel, 2001). The 18S rRNA gene is similarly one of
the most important molecular markers used in phologenetic analyses and eukaryote
biodiversity (Meyer et al., 2010). 18S rRNA gene has been used for molecular
identification of eukaryotic microorganisms, such as fungi (Hejazi et al., 2010).

The aim of the work discussed in this Chapter was to determine the microbial
diversity by using the molecular identification techniques which include both 16S
and 18S rRNA gene sequencing of microbes isolated from various primitive desert

surface soils and different rock samples.
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3.2. Materials and Methods

General microbiology and specific molecular biology methods were used in the
work described in this Chapter. All media and chemical reagents were prepared
according to manufacture’s instructions by using dH,O and stored at 4°C prior to use.
3.2. 1. Sites and descriptions of sampling

Various primitive desert surface soils were collected for microbiology and
molecular identification studies. In addition to rock samples (See special methods for
collecting rocks samples, Chapter 2 Section 2.2), surface soil desert samples were
also used (e.g. from 0-5cm depth). All samples were stored in sterile autoclaved bags
at room temperature. The samples studied were: desert surface soils with and without
lichen cover from Tabernas in Spain, located in the north of Almeria (37.05° N,
2.38° W).

Volcanic rocks from the French Indian Ocean Island of Reunion. Located off the
southern coast of Africa east of Madagascar (21° 06’ S, 55° 36’ E). Rock samples
from Ghar Al Hibashi caves from Saudi Arabia, located 300 km southeast of Makkah
in the Nawasif / Buqum (21° 10’ N, 42° 10’ E), ( Fig 3.1A). Desert varnish sample
from Ashikhara in Oman, located 200 km south of Muscat (21° 51’ 14" N, 59° 34’
50" E). And rock samples from Jarnan caves in Oman, located 120 km from Muscat

(22°55'24"N 57°45'48"E) (Fig 3.1B).
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Figure 3.1: Sites of samples (A) Ghar Al Hibashi caves, Saudi Arabia (B) Jarnan
caves, Oman.
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3.2.2. Initial isolation of desert surface soils and rock samples

Isolation of microorganisms from both soil and rock samples was carried out
using LB medium, either liquid or solid forms. Luria- Bertani (LB) medium
consisted of 10g tryptone, 10g NaCl and 5g yeast extract in 1L of dH,0, dissolved
and sterilised by autoclaving at 121°C for 15 minutes. For solid media 15g agar
Oxoid Nol was added before autoclaving. The pH was then adjusted by addition of
1M NaOH or 1M HCl to pH 7.2.

The initial isolation of bacteria was carried out as follows: 10 g of each desert
surface soil samples were added to a flask containing 90 ml of liquid LB medium,
whereas, for desert varnish samples and rock samples; two sets of 1 g of each sample
were added to 9 ml of liquid media, then, the samples been incubated at two different
temperatures (e.g. 25°C and 37°C) with continuous shaking at (250 rpm) for 24
hours. The growth of bacteria was monitored by measuring the OD at 600 nm. Serial
dilutions of each sample were prepared and used for plating. Portions of 0.1 ml of
these samples were used for plating on solid LB medium and been incubated under
similar conditions that for liquid samples. Observing colonies growth allowed the
selection of single colonies of the isolated microorganisms, which were then,
streaked onto new LB plates and incubated in order to obtain pure cultures; so as to
ensure strain purity, the isolations were conducted in triplicate. After the third
purification step, a single colony was used to inoculate 50 ml of LB medium, and this
sample was then incubated under the similar conditions described above with
continuous shaking (e.g. 250 rpm). The isolates were finally stored as stock cultures
at 4°C until use. Desert varnish samples were harvested inside “the laminar flow
cabinet” by scratching them using sterilised sharp scalpel. UV lamp was switched on

for 2 hours prior to and during the experiment in order to reduce contamination.
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All rock samples were broken into small pieces by using the cracking vessel (Figure
3.2), which consists of a thick glass-walled vessel, sealed with a metal cap. A
plunger passed through the cup and touched the bottom of vessel. The top of the cap

is covered with part of an autoclave bag. (Wainwright et al., 2009).

Flexible
Cover

Tape

Cracking

Plunger

Figure 3.2: The explanatory scheme for cracking vessel (A) and the cracking vessel
that used in this experiment (B).

3.2.3. Growth and isolation of oligotrophic fungi from desert varnish samples

Silica gel medium (Table 3.1) was used to isolate oligotrophic fungi from various
desert varnish samples. The experiment was conducted as follows: a potion of 20 ml
of solution (3) was mixed with 20 ml of the solution (1), followed by addition of 4
ml of solution (2), thoroughly mixed and then poured instantly into Petri—dish (Table
3.1). The gel set in around 15 min; and the plates were left overnight and any water
of syneresis was poured off. The plates were then grouped into four based on
different colours of varnish; in each plate one type of desert varnish samples was

added and the plates were incubated at 25°C for 7-14 days (Parkinson et al., 1989).
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Table 3.1: Composition silica gel medium

Components

1) Salts Solution

KH,PO4

KCI

Fe SO47H20
Milli Q water

2)Orthophosphoric acid

20%
Orthophosphoric acid
Milli Q water

3) Potassium silicate
KOH

Milli Q water

Silicic acid

3.2.4. Determination of bacterial numbers (CFU)

Microbial counts were determined by plating and directly counting the number of
viable microorganisms. (See further details in section 2.2.3). Portions (1.0 g) from
each crushed rock sample was suspended in 10 ml of sterile Ringers solution (1/4
strength), shaken for 15 min on an orbital shaker (250 rpm), and then diluted serially
with the same solution. An aliquot, 0.1 ml was withdrawn from each dilution series
and was spread over the surface of Plate Count Agar (media preparation was
described earlier in Chapter two Section 2.2.3 ); the experiment was conducted in

triplicate for each sample and the plates were incubated at (25°C +0.5°C) for1-3 days

Amount

1.00¢
0.50¢g
0.50¢g
0.01g
1.0 litre

20 ml
80 ml

709
100 ml
8.0g

Comments

* pH should be 5.2
*FeS0,4.7H,0O
should add after
Autoclaving the salt
solution at 120°C for
20min.

The solution was
autoclaved at 120°C
for 20min

KOH was dissolved
in Mill Q water then
added Silicic acid .1t
was autoclaved at
120°C for 20min

in order to enumerate the bacteria (Meintanis et al., 2006).
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3.2.5. Molecular identification techniques

3.2.5.1. Genomic DNA extraction for bacteria and fungi

Genomic DNA was extracted from each strain and then PCR was used with use of

appropriate primers to produce sufficient quantities of the 16S rRNA or 18S rRNA

gene. Genomic DNA was isolated by using (Key prep- Bacterial DNA Extraction Kit)

(ANACHEM, labstore, UK) by following procedures prescribed for bacteria; and

(Norgen Fungi Genomic DNA Isolation Kit) (GENEFLOW LIMITED, Labstore, UK)

by following procedures prescribed for fungi. The genomic DNA was separated by gel

electrophoresis on 1% agarose to check for purity.

(A) Procedures (Key prep- Bacterial DNA Extraction Kit)

1

Centrifugation: 3 ml of pure bacteria culture grown overnight in LB medium
was collected by centrifugation at 6000xg for 2 minutes. The supernatant was
then decanted completely.

Re-suspension of pellet: the pellet was re-suspended by adding 100 pl Buffer
RZland pipetting it up and down.

Lysozyme treatment: 10 ul of lysozme (50mg/ml) was added to the suspension
for Gram-negative bacteria but for Gram-positive bacteria should be 20ul of
lysozyme. The suspensions were mixed completely and incubate at 37°C for 20
minutes.

Centrifugation: the sample was digested by Centrifugation at1000xg for 3
minutes then the supernatant was discarded immediately.

Protein denaturation: 180ul of Buffer R2 and 20 pl of Proteinase K were added
to the pellet and mixed completely then incubated it in shaking water bath
65°C for 20 minutes.

Homogenization: 410 pl of Buffer BG was added to the sample and mixed it

thoroughly then incubated at 65 °C for 10 minutes.
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7-

8-

O-

Addition of ethanol: 200 ul of absolute ethanol was added into the samples and
mixed it carefully and immediately.

Loading to column: the sample was transferred into a column then centrifuge it
at 10,000xg for 1 minute and discard the supernatant.

Column washing: 750 pl of wash buffer was gently washed the column and
centrifuge at 10,000xg for 1 minute and discard flow through (Wash buffer
was diluted by absolute ethanol before use). The column was centrifuged at

10,000xg for 1 minute again to removed residual ethanol.

10- DNA elution: a clean microcentrifuge tube was used to collecting DNA by

adding 100 pl of preheated Elution Buffer directly into column membrane and
standing for 2 minutes in room temperature then centrifuge at 10,000xg for 1
minute to elute DNA . DNA was stored at -20°C.DNA was set for gel

electrophoresis (Section 3.2.5.2) and PCR reaction (section 3.2.5.3).

(B) Procedures (Norgen- Fungi Genomic DNA Isolation Kit)

1-

Centrifugation: 50mg of pure fungi culture (wet weight) grown 3 days in
Czapek Dox medium was collected by centrifugation at 14,000xg for 1 minute
to pellet the cells. The supernatant was decanted carefully.

Lysate preparation: the pellet was re-suspended by adding 500 ul of lysis
solution and the cells were re-suspended by gentle vortexing (optional RNase
treatment) 10 KUnits of RNase was added to the suspension and mixed
completely.

The samples were transferred into bead tube and vortex horizontally for 5
minutes on a flat bed vortex pad with tape then the samples were incubated at

65°C for 10 minutes.
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The samples were transferred into a DNase-free microcentrifuge tube and
centrifuge it at 14,000 xg for 2 minutes then transferred supernatant to a new
microcentrifuge tube (note the volume)

Addition of ethanol: equal volume of absolute ethanol was added into the
samples and vortex immediately then 300pul of binding solution was added into
the samples and vortex.

Binding nucleic acids to column: 650ul of the lysate with ethanol was
transferred into a column then centrifuge it at 6,000xg for 1 minutes then the
supernatant was discard.

Column washing: 500 ul of wash solution was washed the column and
centrifuge at 6,000xg for 1 minute and discard flow through (wash buffer was
diluted by absolute ethanol before use). The column was centrifuged at
6,000xg for 1 minute again to removed residual ethanol. The samples were
centrifuged at 14,000xg for 2 minutes and discard the collection tube.

DNA elution: Elution tube was used to collecting DNA by adding 100 pl of
Elution Buffer directly into column membrane then centrifuge at 6,000xg for 2
minutes to elute DNA. DNA was stored at -20°C for a few days or -70°C for
long term storage .DNA was set for gel electrophoresis (Section 3.2.5.2) and

PCR reaction (section 3.2.5.3).
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3.2.5.2. DNA quantification

There are several methods for examining DNA quantification. Quantification by
using a spectrophotometer is one common method (Haque et al., 2003). In this
method, 98.0 ul of elution buffer (EB) was added to 2.0 ul of the genomic DNA
sample, mixed thoroughlly and filled in special UV cuvettes (UVette, eppendorf)
and the optical density OD was measured at 260nm using spectrophotometer
(Unicam, Hexios). Amount of DNA was calculated by following this equation:

100 +2 =50 (dilution factor).
OD26p % 50 dilution factor = amount of DNA pg/ml.
3.2.5.3. Agarose gel electrophoresis

Separating of DNA fragments was achieved by using 1% agarose gel. These gels
were prepared in the following manner. Because of the small size of the BioRad
Subcell GT electrophoretic tank with just 6 or 14 well comb, 0.4 g of molecular
biology grade agarose was dissolved in 0.8 ml of 50x TAE buffer and 40 ml dH,0
by heating in a microwave on a medium high power for approximately 3 minutes
until the agrarose was dissolved and the solution was fairly cooled. Then, 2.5 ul
ethidium bromide was added to visualise the DNA before setting the solution in gel
tray, followed by pouring the gel in the gel rack. Afterwards, the comb was inserted
at one side of the gel and kept at room temperature. The gel was, then, submerged in
TAE buffer 1x and samples of 10 pul mixed with 2 pl loading dye were added to the
wells. In order to determine the size of fragments, 6 ul of Hyper Ladder was used.
The samples were then undergone electrophoresis for 40 min operated at 80V. The
DNA was visualized on the gel and digital image was taken using UVitec ‘“Uvidoc”
attached to a digital camera. If there was smearing presence on the loading gel, 1.0 ul

of RNAse was added to the whole extracted gDNA and incubated at 4°C overnight.
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3.2.5.4. Polymerase chain reaction (PCR) amplification of 16S and 18S rRNA
genes

After successful extraction of genomic DNA from unknown microorganisms, 16S
and 18S rRNA genes were amplified from the whole DNA extraction by using
polymerase chain reaction (PCR). Table 3.2 indicates the amount of components
used for amplification of 16S and 18S rRNA genes.

Table 3.2: Components of the PCR reaction

Component Quantity
Sterile Milli-Q water 35.0-39.0pl
10x Taq buffer 5.0 ul
MgCl; solution (50mM ) 2.5l

Forward Primer (10 ppmole.1™) 0.5 ul
Reverse Primer (10 ppmole.I™) 0.5 ul
dNTPs mix (2.5 mM each) 1.0l
Genomic DNA (10-100 ng) 1.0-5.0 pl

Ampli Tag polymerase (5U/ul) 0.5 ul

Bacterial and fungal universal primers (Forward and Reverse) were used for DNA
amplification in this experiment (Table 3.3). Primers were designed specifically to
anneal to a certain region of the proposed DNA to amplify. Primers were purchased

from Eurofins (mwg/operone).
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Table 3.3: Oligonucleotide primers from Eurofins (mwg/operone) Germany.

Primer name Sequence(5°-3") Target Reference
gene
16SUN1.FOR CCGAATTCGTCGACAACAG Bacterial  Weisburg
AGGATCCTGGCTCAG (34) ~ [0STRNA etal, 1991
16SUN1. REV CCCGGGATCCAAGCTTACG Bacterial ~ Weisburg
GCTACCTTGTTACGACTT ~ 16STRNA etal, 1991
@37)
Nu-SSU-0817.FOR TTAGCATGGAATAATRRAA  Fungal Borneman
18S rRNA and Hartin,
TAGGA(24) 2000
Nu-SSU-1196- TCTGGACCTGGTGAGTTTC  Fungal Borneman
39.REV C(20) 18S rRNA and Hartin,
2000

The thermal cycling order which was used for the amplification of 16S rRNA
gene in this experiment was as follows: initial denature at 94°C for 3 min to separate
double stranded DNA into two single strands, followed by 30 cycles of DNA
denaturation at 94°C for 1 min, and primer annealing at 60°C for 1 min. Afterwards,
the temperature was decreased to allow primers to anneal. Strand elongation was
conducted at 72°C for 5 min to allow the Taq polymerase to replicate the remaining
single strand of DNA. Final elongation was done at 75°C for 5 min. Thermal cycling
conditions for amplification of 16S rRNA gene are presented in Table 3.4.

Table 3.4: PCR amplification procedure for 16S rRNA

Steps Temperature and Number of cycle

time

Initialization 94°C for 3 min 1

Denaturating 94°C for 1 min

Annealing 60°C for 1 min <0

Elongation 72°C for 5 min

Final elongation 75°C for 5 min 1

Hold 4°C
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Similarly, the thermal cycling order for amplification of 18S rRNA gene used in
this experiment was as follows: initial denature at 94°C for 2 min, followed by 35
cycles of DNA denaturation at 94°C for 0 sec, primer annealing at 56°C for 10 sec,
strand elongation at 72°C for 30 sec. Final elongation at 75°C for 2 min. The thermal
cycling conditions for amplification of 18S rRNA gene are presented in Table 3.5.

Table 3.5: PCR amplification procedure for 18S rRNA

Steps Temperature and Number of cycle

time

Initialization 94°C for 2 min 1

Denaturating 94°C for 0 sec

Annealing 56°C for 10 sec 35

Elongation 72°C for 30 sec

Final elongation 75°C for 2 min 1

Hold 4°C

After finishing the amplification processes of both 16S and 18S rRNA genes, the
PCR reaction was examined in electrophoresis on a 1% agarose gels. 10 ul of PCR
product was mixed with 2 pl of Blue/Orange 6x loading dye and was run on a 1%
agarose gel (as described in Section 3.2.5.3). In addition, 6 pl of 1 Kb Hyper ladder
loading in the gel to confirm the correct sized product. Successful PCR products
were immediately sent to the Medical School Core Genetics Unit, the University of
Sheffield, for further sequencing. Phylogenetic analysis was performed as described
below (Section 3.2.5.6).
3.2.5.5. Purification of PCR products

Occasionally, PCR products require clean up to purify single or double stranded
DNA fragment from PCR and other enzymatic reactions. QiaQuick Gel Purification
Kit (Qiagen Ltd.,UK) was used by following the protocol in manufacturer’s

instructions:
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Five volume of buffer PE1were added to 1 volume of the PCR sample and
mixed carefully.

To bind DNA: the samples were applied to the QiaQuick spin column,
centrifuged for 30-60 seconds and the flow through were discarded and the
QiaQuick spin column was placed again in the same tube.

The PCR product was washed by 750 pl of buffer PE and centrifuged for 30-
60 seconds, then the flow through was discarded.

The QiaQuick spin column was place back in the same tube and centrifuged
for an additional 1min.

The QiaQuick spin column was place in clean 1.5 ml microcentrifuge tube and
then purified products were eluted by adding 50 pl of buffer EB (10mM Tris-
Cl, pH 8.5) to the center of the QiaQuick membrane and centrifuged for 30-60
second. The product was run on 1% agrose gel and 6.0ul of 1Kb Hyberladder
las a marker to confirm the correct sized product then the PCR product was

stored at -20°C for a few days or -70°C for long term storage.

3.2.5.6. Phylogenetic analysis

For the phylogenetic determination of both 16S and 18S rRNA genes sequences

were compared using The Basic Local Alignment Search Tool (BLAST) available
from the website of National Centre for Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov) (Altschul et al., 1997). BLAST is very affirmative for
comparing query sequence with the larger numbers of sequence held online at NCBI
(Macrae, 2001).

Partial sequences, generated in this experiment, were assembled and the errors of
consensus sequences were corrected manually by using Finch TV software (version

1.4) (Fig 3.3). In Finch TV software the unknown nucleotide represents as N, and it
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could be either A, or T, or G, or C, according to the different colors appear (Mishra

etal., 2010).

FinchTV - 038_kh_REDSL_16R _copy.copy.a
File Edit View Finch Help

_@ B E @|@ B [vesi Geospiia

Goto Base No Find Sequence

CGBCABTCTCCTTAGAGTGCCCACCATAACGTGCTGOTAACTAAGGACAAGBGGBTTBCBC TCGTTACGGBGBACTTAA
330 340 350 360 370 380 390 400

PO el J!“'\M‘}M WA 'A“.J‘ il

Horizontal Scale

Figure 3.3: Finch TV software (Version 1.4) that manually corrects errors (N) of

consent sequences and then exported into BLAST database.

3.3. Results and Discussion
3.3.1. Growth of fungi from rock samples

A range of fungi species were isolated which are able to grow on silica gel media,
in which no carbon or nitrogen sources was added. Growth also occurred when the
hyphae were transferred from silica gel to Czapek Dox medium, thereby showing
that the isolated fungi are facultative oligotrophs, and could acclimatise to growth on
nutrient-rich medium. This result is in agreement with the findings reported by
Parikinson et al (1989), Al-Turk (1990), and Wainwright et al (1997).

3.3.2. Counting of colony forming units (C.F.U)
The total count of bacteria was determined in different rock samples by

determining the number of culturable bacteria (viable) on the plate count agar

obtained from a variety of rock samples as following:
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(A) Volcanic rocks from the French Indian Ocean Island of Reunion (Fig 3.4), it
is apparent that there were three types of volcanic rock-bacteria based on their rock
colour (e.g. black, brown and green “quartz”). Also, there was a gradual decrease in
numbers of the bacterial count in various samples of volcanic rocks. The highest
counts were found observed in black volcanic rock samples. Meanwhile, quartz
volcanic rock samples showed the least numbers of colony forming bacteria. There
were no differences among the observed types of bacteria for different examined
volcanic rocks samples. Most of the isolated bacteria were species of Bacillus (more

details are discussed in Section 3.3.5).

10000 -

1000 -

C.F.U/mI™ (LOG)

100 H

lO T
Black Brown Green

Volcanic rock samples

Figure 3.4: The total bacterial count from different volcanic rock sample from the
French Indian Ocean Island of Reunion black (#%%), brown (i) and
green (). (1) refers to Standard Error (SE).

(B) The total bacterial count of rock samples taken from Ghar- Al Hibashi caves

in Saudi Arabia are presented in Fig 3.5. Referred to Johaj Pint studies (2006), the
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author reported that: “the biological studies have never been carried out in Ghar- Al
Hibashi caves in Saudi Arabia”, which means that this study is the first biological
study on Ghar- Al Hibashi caves in Saudi Arabia. Fig 3.5 shows clearly that the
number of colony forming units in different rock samples in the cave was almost
similar. However, the highest bacterial count in the cave was found in the entrance,

which was twice the number found for the cave floor.

10000 +

1000 A

100 -

C.F.U/mI"L(LOG)

10 -
Entrances Ceilings Walls Floors

Ghar- AL Hibashi cave rock samples

Figure 3.5: The total bacterial cells count from different rock sample from Ghar-Al
Hibashi cave main entrance (), ceiling (m®®), wall (B82%) and floor
(mmmm). (1) refers to Standard Error (SE).

(C) The total bacterial count of rock samples from Jarnan caves in Oman is shown
in Fig 3.6. It can be clearly seen that the numbers of colony forming units in the cave
entrance were higher than that for the walls and the floor. Moreover, the highest

bacterial count found in the main entrance was three folds higher than that for the
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cave floors and twice the numbers were observed for the cave walls. No literature has

been reported for any biological studies conducted on Jarnan caves in Oman.

10000

1000 1

C.F.U/ml *(LOG)
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10 -

Entrance Ceilings Walls Floors

Jarnan cave rock samples

Figure 3.6: the total bacterial count from different rock sample from Jarnan cave in

Oman main entrance (), ceiling (), wall (HEEE) and floor ().
() refers to Standard Error (SE).

3.3.3. Extraction of genomic DNA

In this study, 35 bacterial strains have been isolated from different desert surface
soils and rock samples. The whole genomic DNA has successfully been extracted
from 15 strains by using (Key prep- Bacterial DNA Extraction Kit). Fig 3.7 shows an
example of a high quality molecular weight of genomic DNA. Hyperladder 1 has been
used in these studies to determine the size of DNA molecules (Fig 3.8). As for fungi
three strains have been isolated from desert varnish, which were grown on silica gel

medium. The isolated strains were transferred from silica gel to Czapek Dox medium,
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and the whole genomic DNA has effectively been extracted from two strains by using

Norgen- Fungi Genomic DNA Isolation Kit.

51 52 55 o

Figure 3.7: Examples of the total genomic DNA extraction (S1-S8) with band size
over 1000 base pairs in agarose gel. Red arrow (M) shows the 1-Kb
DNA ladder.

BAND SIZE (bp) | ng/BAND

—— 10,000 100
8,000 80
6.000 60
5,000 50
4,000 40
3,000 30
2,600 25
2,000 20

1,500 15

1.000
800

600
400

200

1% agarose gel

Figure 3.8: Standard Hyperladder | produces a pattern of 14 regularly spaced bands,
10,000-1000bp and each lane (5ul) provides 720ng of DNA.
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3.3.4. PCR amplification of extracted DNA

16S rRNA gene sequences have hyper-variable regions where sequences have
diverged over time and these are often flanked by strongly conserved regions. Primers
targets are conserved regions and amplify variable regions. The DNA sequence gene
of 16S rRNA has been determined for a large number of species, forming a readily
accessible and extensive library. Amplified 16S rRNA genes are show in Fig 3.9 and
the size was banded as expected around 1.5 Kb. On the other hand, the DNA sequence

gene of 18S rRNA gene has been determined for two strains and the size was 1.5 Kb.

Figure 3.9: The polymerase chain reaction (PCR) on agarose gel (1%) electrophoresis
with ethidium bromide indicates (S1-S6) an example for product of 16S
rRNA gene (1.5 Kb). Red arrow (M) shows the 1-Kb DNA ladder at
1.5Kb.
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3.3.5. Phylogenetic identification of unknown bacteria and fungi

16S and 18S rRNA sequences resulted from diverse strains were determined. The

sequences data were used to produce a phylogenetic tree providing the basis for

efficient phylogenetic investigation of each genus. Fig 3.10 is an example of

phylogenetic analysis of Bacillus licheniformis (JCO2) strain whilst the rest of

isolates are included in Appendix B. In addition, Table 3.6 shows 16S rRNA

sequence and Table 3.7 shows 18S rRNA analyses representing the closest matches

of all strains cultured from desert surface soils, desert varnish, volcanic rock samples

and cave rock samples. Phylogenetic analysis of JCO2 by using the BLASTN

algorithm at NCBL1 indicated that a 99% identity to Bacillus sp particularly B.

licheniformis (Fig 3.11) rRNA, (NCBL accession number EF113306.1).

Po33_k s 16sR4

@ Bacillus lichenifarmis isalate LE 13 165 ribosomal RMA gene, parfial sequence

L]

firmicutes | & leanes
o Bacillus licheniformis pertial 165 rRMA Qene, strein GLU 113
i Bacillus licheniformis shein Wa 53 5 165 ibosomal RMA gene, parfial sequence
@ Bacillus licheniformis shein BPRISTO3E 165 Hbosomal RMA gene, parfial sequence
i Bacillus licheniformis stein EPRISTO39 165 ribosomal RKA gene, parfial sequence
@ Bacillus lichenifotmis shein T04 165 Abosomal RMA 9ene, partial sequence
i3 Bacillus sp. bOE(2011) 165 Abosomal RkA gene, partial sequence
@ Bacillus licheniformis shein bC 37 165 Abosomal RMA gene, parfial sequance
i3 Bacillus sp. L1{2011) 165 ribosomal RHA gene, partial sequence
o Bacillus licheniformis pertial 165 rRMA 9ene, sfein 1- 4414
i3 Baillus licheniformis partial 165 rRKA Qene, strain 1-4alab
@ Eacillus licheniformis partial 165 rRMA gene, strain 1- 15414
i3 Bacillus licheniformis partial 165 rRRA ene, strain 1- 14418
@ Baillus licheniformis partial 165 rRRA Qene, strain 1- 154148
i Bacillus licheniformis partial 165 FRMA gene, strain 29414
o Bacillus licheniformis pertial 165 rRMA Qene, strein + 5414
i Bacillus licheniformis partial 165 rRMA 9ene, sitein & 11414
o Baillus licheniformis peetial 165 rRMA Qene, stein & 214
i Bacillus sp. a¥-2011- R526 partisl 165 rRMA qene, isolade RS2E
o Bacillus sp. A% 2011- R519 partial 165 rRMA qene, isolde RS9
2 Bacillus sp. 05032 165 bosomal RMA 9ene, parfial sequence
@ Bacillus licheniformis stain T5YK2 1 165 ribosomal RAA gene, parial sequence
i Bacillus licheniformis shein Sob 10165 Abosomal RrA 9ene, partial sequence
@ Bacillus licheniformis stain 14 RE L-80 165 ribosomal RMA gene, parial sequence
i Baillus sp. KAZ2 qene for 165 rRMA, parfial sequence
i Bacillus sp. D21 165 ribosomal RWA gene, partial sequence
@ Eacillus sp. TEA(2011) 165 ribosamal RMA gene, parfial sequence
@ Bacillus sp. L2 165 ribosomal RHA gene, partial sequence
& Baillus lichenitormis strain IN10 165 ribosomal RA gene, partial sequence
2 Uncultured bacterium clone T1 E_165 155 ribasomal RiA gene, partial sequence
" firmicutes | 64 leaves

Figure 3.10: Neighbour joining phylogenetic tree of 16S rRNA gene of JCO2 strain

Pair wise alignment with a maximum sequence difference of 0.05.
Produced by using BLASTN at NCB1.
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>gb|EF113306.1] Bacillus licheniformis isolate LB 13 16S ribosomal RNA gene,
partial sequence
Length=1468

Score = 969 bits (1074), Expect = 0.0
Identities = 542/545 (99%), Gaps = 0/545 (0%)
Strand=Plus/Minus

Query 1 GGTGTTACCAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGG

5CCCG
‘ COLLLELE COLLELEE L e e e bbb ee i
Sbjct 1412 GGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCC

Query 61 CGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACT 120

CEVCCEEEEC R LT EE LT
Sbjct 1352 CGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACT 1293

Query 121  GCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAGCCTCGCGGCTTCGCTGCCCTT 180

CELELEEEEEEET R LT EE e e e i
Sbjct 1292 GCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAGCCTCGCGGCTTCGCTGCCCTT 1233

Query 181  TGTTCTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT 240

VDL TR L P L P e il
Sbjct 1232 TGTTCTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT 1173

Query 241  CATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGRATGCT 300

?|||i)lllllillllll\tlllltl}||||1l1\lllll!ll!lllllilll\\llll!
Sbjct 1172 CTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCT 1113

Query 301  GGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGA 360

COCCCULLETEEE L CCCEEE e e ettt b e et
Sbjct 1112 GGCARCTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGA 1053

Query 361  GCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGAAAGCCCTATCTCTAG 420

LCCLELLE DL LT
Sbjct 1052 GCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGRAGCCCTATCTCTAG 993

Query 421  GGTTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTARACCACA 480

LLLDLELETEE PR
Sbjct 992  GGTTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTARACCACA 933

Query 481  TGCTCCACCGCTTGGGCGGCCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTAC 540

CECEEEECECEE PR ]
Sbjct 932  TGCTCCACCGCTTGGGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTAC 873

Query 541 TCCCC 545

|11 ]
Sbjct 872 TCCCC 868

Figure 3.11: The highest percentage identity matches following BLASTN
comparison of Bacillus sp 16S rRNA and the NCBI nucleotide
collection (nr/nt) database. The “Query “ line refers to the input
sequence, Bacillus sp. 16S rRNA gene, partial sequence whilst the

Subject “ line refers to the matching sequence, in this instance

Bacillus licheniformis small subunit rRNA.
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Table 3.6: Summary of 16S rRNA sequence analyses of bacteria cultured from desert

surface soils, desert varnish, volcanic rock samples and cave rock samples
(representative BLASTN matches).

Samples

Desert surface
soils with lichen
cover

Desert surface
soils with lichen
cover

Desert surface
soils without
lichen cover

Desert surface
soils without
lichen cover

Desert varnish

Desert varnish

Ghar Al Hibashi
caves

Ghar Al Hibashi
caves

Ghar Al Hibashi
caves
Jarnan caves

Jarnan caves

Jarnan caves

Volcanic rocks
Volcanic rocks

Volcanic rocks

Representative

sequence

DSL1

DSL2

DSwW1

DSw2

DVB1

DVS2

GHC1

GHC2

GHC3
JCO1

JCO2

JCO3

VRB1
VRG2

VRI3

Closest matches
Identification

Bacillus sp
Dermacoccus
nishinomiyaensis

Streptomyces sp

Staphylococcus
lentus

Bacillus
amyloliquefaciens

Paenibacillus
lautus

Exiguobacterium
mexicanum

Bacillus
mojavensis

Bacillus muralis
Bacillus subtilis

Bacillus
licheniformis

Exiguobacterium
indicum

Bacillus cereus
Bacillus sp

Paenibacillus sp
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Sequence

Identity

99.0 %

99.0 %

96.0%

99.0%

100%

99.0%

99.0%

99.0%

99.0%
99.0%

99.0%

99.0%

99.0%
99.0%

99.0%

NBCI
(Accession
number)
JQ23766672.1

NR044872.1

GU220477.1

FJ7955683.1

TQ267647.1

AB363733.1

JF505980.1

HQ123468.1

JQ271812.1
IN856456.1

EF113306.1

JN644531.1

HM133938.1
JQ237672.1

JN650255.1



Table 3.7: Summary of 18S rRNA sequence analyses of oligotrophic fungi cultured
from desert varnish (representative BLASTN matches).

Samples Representative  Closest matches  Sequence NBCI
sequence Identification Identity (Accession
number)
Desert varnish DVO1 Penicillium 93.0 % JQ082506.1
corylophilum
Desert varnish DVO2 Mucor hiemalis 98.0 % HM172832.1

3.4. Conclusions

In general, desert and cave environments have been considered extreme
environments, because of their low nutrient accessibility, reasonable temperature and
moderately high humidity, in addition to no possible access of light into caves
(Hathway, 2010).

The microbial diversity of caves located in the Arabic World has not yet received
serious attention from researchers and authorities. In the past, there have been no
published literature of any biological studies about the microbial diversity in the Saudi
Arabia caves and Oman caves (Pint, 2006).

Methods were used based on the microbial genetic sequences of DNA and RNA
and were employed here for the identification of cave microorganism in order to
evaluate microbial diversity.16S rRNA gene was sequenced in order to determine the
diversity within various samples investigated in this study. The majority of the
isolated strains were very closely related to Bacillus species (e.g. 99% similarities)
from desert surface soils, desert varnish, volcanic rocks, and cave rock samples. The
results from cave studies emphasise the need for further investigations on microbial

interactions with the cave environment, especially in the Middle Eastern regions.
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CHAPTER 4

MOLECULAR IDENTIFICATION AND PHYSIOLOGICAL

CHARACTERISATION OF EXTREMOPHILIC BACTERIA

FROM WEATHERED VOLCANIC ASH, A NON-EXTREME
ENVIRONMENT

4.1. Introduction

In general, extremophiles have been isolated from extreme environments to which
they were tailored to grow and survive. Various extremophilic microorganisms have
been isolated from non-extreme environments. Extremely thermophilic
microorganisms such as, for example Geobacillus Sp., have frequently been isolated
from cool soil environments (Marchant et al., 2002; Banat et al., 2004; Marchant et
al., 2008). Naturally, the majority of microbiologists attempt to isolate alkaliphiles
from alkaline environments; however, alkaliphiles have also been found in neutral
and acidic environments (Grant et al., 1990). Relatively few reports have however,
been published on the isolation of halophiles from non- saline environments such as
garden and agricultural soils (Echigo et al., 2005;Usami et al., 2005).The aim of the
work described in this Chapter is to identify and characterise extremophilic bacteria,
isolated from non-extreme environments.

Classical microbiology and molecular techniques were employed to identify and
characterise the bacteria isolated from volcanic ash soil samples, collected from the
French Indian Ocean Island of Reunion (near Mauritius). The area of the volcano
from which this bacterium was isolated, has not been recently active. Therefore, it
was thought of interest to determine how these bacteria are adapted to grow, or just

survive, in a mesophilic environment.
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4.2. Materials and Methods

All chemicals were purchased from Sigma, Oxoid, Fisher, Bioline, DIFCO, and
AnalaR. All media and reagents were prepared using dH,O and autoclaved at 121°C
for 15 minutes (Unless otherwise stated).

4.2.1. Isolation of microorganisms

Sample collection

A variety of volcanic ash soil samples were collected from the French Indian
Ocean Island of Reunion (near Mauritius). The pH of the volcanic ash samples was

measured giving a value of pH 7.5, and the temperature was 25°C at the location.

Growth media

Luria- Bertani (LB) medium: medium preparation was described previous in
Chapter Three (Section 3.2.2).

M9 Minimal salt medium:(Sigma) was prepared by dissolving 11.3g of M9
(which consisted of 6.8g Na,PO4, 3g KPO,4, 0.5g NaCl and 1g NH4CI) in 900ml
dH,0. The pH was adjusted to 7.2 with 1M NaOH. The volume was then made up
to 980ml with dH,O and autoclaved.

Preparation of salts supplement: Each of the following was dissolved in water:
1.0 M of MgS0,4.7H,0 in 50ml, 5g of NH4CI in 45ml, 15g glucose in 45ml, and
1.0ml of ImM CacCl,.2H,0 in 50ml. Each solution was autoclaved and after cooling
a 50°C was added to the M9 minimal media as follows: 1.0 ml of MgSQO,.7H,0, 9.0
ml of glucose, 9.0 ml of NH,Cl and 1ml of CaCl,.2H,0; this was then made up to a
final volume of 1L.

Nutrient Broth: was prepared by suspending 28g containing (Lab-Lemco
powder 1g, yeast extract 2g, peptone 5g and NaCl 5¢g) in 1L of dH,O and boiled to

dissolve completely. The pH was adjusted to pH 7.2 and autoclaved.

134



Plate Count Agar: media preparation was described earlier in Chapter Two
(Section 2.2.3).

Horikoshi medium: consisted of 5g tryptone, 5g yeast extract, 0.2 Mg,SO,4.7H,
dissolved in 750ml of dH,O and autoclaved. In addition three solutions were
prepared separately; 10g of glucose was added to 100ml dH,O, 10g Na,CO3 was
added to 80ml dH,Oand 1g KH,PO, was added to 50ml dH,O.The solutions were
autoclaved and cooled at 50°C and added to the Horikoshi medium. The pH was then
adjusted to 7.2 by 1M NaOH or 1M HCI.

4.2.2. Initial isolation of TV1, EV2 and SV3

TV1: Approximately, 1g of volcanic ash soil sample was spread onto enrichment
LB agar medium(1.5 % agar), and incubated at 70°C under aerobic conditions in a
sterilized box, containing tissues moistened with dH,0 to maintain humidity.

EV2 and SV3: Approximately, 1g of volcanic ash soil sample was plated directly
onto LB agar medium at different pH values, and incubated under aerobic conditions
at 25°C, and 37°C for 24 and 48 hours. The pH values used were 3.0, 4.0, 5.0, 7.0,
0.9, 10.0, and 12.0; single colonies were then streaked onto new LB plates for (TV1).
In order to obtain pure cultures, LB medium was used at the same varying pH values
to that in EV2 and SV3, followed by incubation under the same conditions. In order
to ensure strain purity, these steps were repeated three times. After the third
purification step, a single colony was used to inoculate 50ml of LB medium and this
was incubated in the same conditions with shaking at (250rpm).The strains were
stored as stock cultures at 4°C until used. For long term storage, 800ul of overnight
culture in was added to 200ul sterile glycerol; this was mixed thoroughly using a
vortex mixer and frozen at -80°C.When the strains were required, they were slowly

thawed on the ice for revival; 100ul of thawed stock was then used to inoculate 5mi
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of LB broth and left to grow at optimal temperature, with shaking at 250rpm. This
step was repeated twice for strain re-establishment and stored at 4°C, until required.
Every strain TV1, EV2 and SV3 was sub-cultured once every three weeks in order to
reduce the risk of contamination.

4.2.3. Molecular identification techniques

4.2.3.1. Genomic DNA extraction
Genomic DNA was extracted from TV1, EV2 and SV3 using the ANACHEM

(Key prep-Bacterial DNA Extraction Kit) the procedure is described in Chapter
Three (Section 3.2.5.1). This kit is designed for the quick and efficient purification
of genomic DNA from both, Gram-positive and Gram-negative bacteria. The
genomic DNA was separated by gel electrophoresis on 1% agarose to check for
purity, as described in Chapter Three (Section 3.2.5.3).
4.2.3.2. Polymerase chain reaction (PCR) amplification of 16S rRNA gene

16S rRNA obtained from a genomic DNA extraction was PCR amplified. The
procedure was carried out as described in Chapter Three (Section 3.2.5.4). Bacterial
universal primers (Forward and Reverse) were used for amplification Table
4.1.Primers were designed specifically to anneal to a certain region of DNA that we
wish to amplify. Primers were purchased from Eurofins (mwg/operone)

Table 4.1: Oligonucleotide primers from Eurofins (mwg/operone) Germany.

Primer Sequence(5°-3") Reference

16SUNLFOR ~ CCGAATTCGTCGACAACAGAGGATCCT  Weisburg et
GGCTCAG (34) al., 1991

16SUN1. REV CCCGGGATCCAAGCTTACGGCTACCTTG  Weishurg et
TTACGACTT (37) iy Ll
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10ul of PCR product was mixed with 2ul of the 6X Blue/Orange loading dye and
separated on 1% agarose. Hyper ladder 1Kb was used to confirm the correct size.
The strains were sent to the Medical School Core Genetics Unit, the University of
Sheffield for sequencing.

16SrRNA gene sequences were compared using The Basic Local Alignment
Search Tool (BLAST) available from the website of National Centre for
Biotechnology Information (NCBI) http://www.ncbi.nlm.nih.gov. All sequences
were corrected by the Finch TV software and exported into (BLAST) to identify
matches, with existing characterised sequences.

4.2.4. Morphological characters

Colony morphology: of TV1, ET2 and SV3 was determined by using overnight
cultures grown on agar plates for 24 hours at optimal temperature for each strain.

Gram stain: was preformed then checked using a light microscope (Romano et
al., 2005).

Motility assay: TV1, EV2 and SV3 were tested for motility by using semisolid
motility test media (LB medium 0.5% agar) in glass test tube. The media was
inoculated with each strain by sterile straight needle to roughly one-have the depth of
the tube. The tube was incubated at optimal temperature for each strain for 24 and
48 hours (DeFlaun et al., 2007).

4.2.5. Physiological characteristics

4.2.5.1. Response to oxygen

In order to investigate the ability to grow in conditions of oxygen starvation, LB
medium plates were streaked with each strain, and placed in an anaerobic jar. This
was carried out for each strain followed by incubation at the optimum temperature

for 24-48 hours.
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4.2.5.2. Catalase and oxidase tests

TV1, EV2 and SV3 strain was tested for catalase by pouring 1ml of hydrogen
peroxide over the surface of overnight culture. A positive test for catalase was
indicated by bubbles rising over the surface. Oxidase substrate (tetramethyl-p-
phenylenediamine hydrochloride 1%) was poured over the surface of each overnight
culture. Oxidase positive colonies were indicated by the development of a pink
colour which became black after 10 to 30 minutes.
4.2.5.3. Starch, gelatine and fat hydrolysis

Starch hydrolysis: Each strain was inoculated in a plate of starch agar (nutrient
agar with the addition of 1% soluble starch). After a 24 hour incubation period, the
plates were flooded with iodine solution. Hydrolysis was indicated by the presence of
a clear zone around the culture.

Gelatine hydrolysis: Deep stab cultures in nutrient gelatine were made from
every strain and incubated at optimal temperature for 24 hours. Cultures presenting
liquefaction were refrigerated before being recorded as a positive result.

Fat hydrolysis: sterilised olive oil (5%) was added to the molten nutrient agar.
Each strain was inoculated on this agar, and incubated at optimal temperature for 24
hours.

The culture was flooded by Copper (1) sulphate (20%). A deep zone surrounding
the microbial growth indicated a positive reaction.
4.2.5.4. Antibiotic resistance profile

Effect of antibiotics on growth of TV, EV2 and SV3: The LB agar plates were
inoculated with 1m of overnight culture. The subsequent antibiotics were used at the
following concentration in pg/ml Amoxycillin (25), Ampicillin (25), Cefoxitin (30),
Chloramphenicol (30), Erythromycin (15), Gentamicn (30), Imipenem (10),

Lincomycin (15), Methicillin (10), Penicillin (10), Penicillin (6), Streptomycin (10),
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Tetracycline (30) and Vancomycin (30). Each antibiotic disc was placed on agar
along with the strain and incubated at the optimum temperature for 24 to 48 hours;
this procedure was repeated for each strain.
4.2.5.5. Response to temperature shock

The effect of different temperature (25°C, 37°C, 45°C, 55°C, 65°C and 70°C) on
the growth of TV1, EV2 and SV3 was determined by using overnight cultures of LB
and M9 media with rotary shaking (250 rpm). Overnight cultures (Iml) from every
strain were used to inoculate 50ml of media. Three replicates were set up from LB
and M9 media.M9 culture was prepared by using 15ml of overnight LB culture,
centrifuged followed by decanting of supernatant. This process was performed three
times to make sure that M9 medium was free of remnants of the LB medium. The
OD was measured at 600nm.
4.2.5.6. Effects of different temperatures on growth curve of TV1, EV2 and SV3

For TV1 the temperatures at which the organism grew: 45°C, 55°C, 65°C and
70°C. The different temperature for EV2 and SV3 were: 25°C, 37°C, and 45°C.
Growth curves were prepared by using overnight culture which was growing at
optimal temperature, and measured at ODgoo.50ml of LB broth was inoculated
overnight cultures of each strain at a starting optical density of, 0.200.The OD of the
first inoculation was then measured hourly; cultures were maintained on a shaker
250rpm at different temperatures. Growth curves were plotted after 10 hours. (The
flasks were returned to shaker as soon as possible measuring the OD in between
measurements).

4.2.5.7. Response to pH shock
The effects of different pH (pH 3.0, pH 4.0, pH 5.0, pH 7.0, PH9.0, pH 10.0 and

pH12) on the growth of TV1, EV2 and SV3 were determined using overnight

cultures in LB. Each strain was used to inoculate LB, Horikoshi and M9 media, and
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incubated at optimal temperature with rotary shaking (250rpm).50ml of media at
varying pH was inoculated with 1ml of culture from every strain. Three replicates
were set up from LB, Horikoshi and M9 media at different pH values. The same
procedure as (section 4.2.2.5) was used for M9 media. All the flasks were incubated
for 24 hours at the optimal temperature, and then the OD was measured at 600 nm.
4.2.5.8. Effect of different pH on growth curve of TV1, EV2 and SV3.

The effect of the following pH values: pH 5.0, pH 7.0, and pH9.0 on growth
curves of TV1, was measured. For the strain EV2 the effect of the following pH
values 4.0, pH 5.0, pH 7.0, pH9.0 and pH10.0 on growth curves was measured, and
for SV3 the pH range was pH 5.0, pH 7.0, and pH9.0and pH10.0. Growth curves
were prepared by using overnight culture growing at the optimal temperature and
measured at ODggo. 50 ml of LB medium inoculated with overnight cultures of each
strain at starting OD of 0.200. As a control, one extra flask at a different pH values
was incubated under the same temperature, and aerobic conditions. The pH was
amended accordingly over a period of time by the addition of either NaOH 1M or
HCI 1M to all the flasks. The OD of the first inoculation was measured immediately,
then every hour. The cultures were maintained on a shaker 250rpm at different
temperatures. Growth curves were then plotted after 10 hours.

4.2.5.9. Response to salinity shock

The effect of different salinities concentration on the growth of isolated strains
TV1, EV2 and SV3, was determined at different concentrations (0.17, 0.50, 1.0,
1.50, 2.0, 2.5and 3.0 M NaCl). Cultures for each strain were shaken overnight at
optimum temperature, to provide an ODggo. 1Ml of culture was used to inoculate 50
ml LB medium at different concentration of salinity in three replicates. Each flask
was incubated for 24 hours at the optimal temperature, with shaking (250 rpm); the

OD was then measured at 600nm.
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4.2.5.10. Adaptation of TV1, EV2 and SV3 at different concentration of (0.17,
0.50, 1.0, 1.50 and 2.0 M NaCl) using M9 minimal salt medium.

The effect of adaptation to salinity on the growth of isolated strains TV1, EV2
and SV3, were determined at different concentration of NaCl. Actively growing
culture (Iml) was used to inoculate 50 ml of M9 medium (0.17 M NaCl), followed
by incubation at optimal temperature, with shaking for 24 hours. The OD was
recorded for each strain, then another 1ml of culture was used to inoculate a further
50ml of M9 medium (0.50 M NacCl), and incubated using the same conditions. Once
again, the ODgop Was measured for each strain and then 1ml from the M9 culture
(0.50 M NacCl) was transferred into another 50ml M9 medium (1.0M NaCl). This
was again incubated at the same conditions. The same procedure was repeated to
grow all strains in M9 medium of (1.50 M and 2.0 M NacCl).
4.2.5.11. Effect of ultraviolet radiation (UV-B and UV-C) on TV1, EV2 and SV3

The UV equipment used included three types of UV lamps (UV-A, UV-B and
UV-C).The distance between the sample holder and the lamp was 12cm. The J-2b25
meter was used for controlling the wavelength of radiation during exposure time Fig
4.1. The 8W UV was provided by a commercial low-pressure mercury lamp (model
UVGL-25; UV Products, San Gabriel, CA) see (Appendix C). The UV apparatus was
used in the attempt to reduce contamination. Overnight cultures for each strain were
grown with shaking. These cultures were then serially diluted from 10™to 10° in
dH,0.100pl of the 10°dilution was transferred to the surface of a sterile fused quartz

glass cover slip (2.5cm x2.5cm).
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Figure 4.1: The UV exposure apparatus inside the laboratory hood.

After air drying the slide, it was exposed to UV-B or UV-C. The cover slip was
washed with 900ul of dH,O; the resulting aliquot was spread onto agar and
incubated at optimal temperature for 24 hours; this procedure was then repeated three
times. At time zero, without exposing the strain to UV-B or UV-C, 1ml from the
same dilution directly plated onto agar media. The time points for this test were: 30
min, 20 min, 15 min, 10 min, 5 min and 2 min. The other time points used 60 second,
50 sec, 40 sec, 30 sec, 20sec, 10 sec and 5 sec. The result show the number of colony
forming units and the ability of these strains to survive when exposed to UV-B and
UV-C.

4.25.12 Scanning electron microscopy (SEM) and Transmission electron
microscopy (TES) studies on morphology of TV1, EV2 and SV3
The procedure was performed by centrifuging 15 ml of overnight culture TV1,

EV2 and SV3 at 5,000 g for 30min. The resulting cells pellets were washed using

sterilised MilliQ water twice.
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For preparing samples to scanning electron microscopy: harvested cells were
fixed in 3% Glutaraldehyde in 0.1 M phosphate buffers for 4 hours at 4°C. The
specimens were washed twice in 0.1M phosphate buffer 15 intervals at 4°C.Sample
fixation was carried out in 2% osmium tetroxide aqueous for 1hour at 25°C.This step
was then repeated. Cells were dehydrated in ethanol using the following volumes:
75%, 95% and 100% three times. A final step of 100% ethanol dried over anhydrous
copper sulphate for 15 min. For hexamethyldisilazane (HMDS) drying, the samples
were absorbed in 100% hexamethyldisilazane for 30 min after the next 100% ethanol
stage. The samples were then allowed to air dry overnight and then mounted on
12.5mm diameter stubs and attached with Carbon-Sticky Tabs. This was followed
by coating in an Edwards S150B sputter coater with approximately 25nm of gold.
The samples were finally examined in a Philips XL-20 Scanning Electron
Microscope at an accelerating voltage of 20Kv.

For preparing samples to transmission electron microscopy: harvested cells
were fixed in 3% glutaraldehyde in 0.1M phosphate buffer for 4 hours at 4°C,and the
specimens washed twice in 0.1 M phosphate buffer with 15 intervals at 4°C. The
sample fixation was carried out in 2% osmium tetroxide aqueous for 2 hours at
25°C.This step was repeated and the cells were dehydrated as described above. The
samples were then placed in an intermediate solvent, propylene oxide, for two
changes of a 15 min period. Infiltration was accomplished by placing the cells in a
50/50 mixture of propylene oxide/Araldite resin. The samples were then left in this
50/50 mixture overnight at room temperature. Once this incubation was finished, the
samples were transferred to full strength Araldite resin, and left for 6-8 hours at room
temperature, followed by embedding in fresh Araldite resin for 48-72 hours at 60°C.

Semi-thin sections, approximately 0.5um thick were cut on a Reichert Ultracut E
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ultramicrotome, and stained with 1% toluidine blue in 1% borax. Ultrathin sections,
approximately 70-90nm thick, were then cut using on a Reichert Ultracut E
ultramicrotome and stained for 25 minutes with 3% uranyl acetate in 50% ethanol
followed by staining with Reynold’s lead citrate for 25 minutes. The sections were
examined using a FEI Tecnai Transmission Electron Microscope at an accelerating

voltage of 80Kv (Alnaimat, 2011).

4.3. Results and Discussion
4.3.1. 16S rRNA sequencing

Three strains of unknown bacteria were isolated from volcanic ash soil samples
obtained from the French Indian Ocean Island of Reunion (near Mauritius)), they
were designated TV1, EV2 and SV3. Each strain was grown at optimal temperature
with shaking at (250 rpm) for 24 hours. The extraction of genomic DNA from the
strains using (Key prep- Bacterial DNA Extraction) and 16S rRNA gene

amplification by PCR was confirmed by electrophoresis Fig 4.2.

Kilobases Mass (ng)

100 £

TV 1 EVZ Sv3 80 @
- 5

- 4.0 33
125
48

36

Figure 4.2: (A) Successful extraction of complete genomic DNA of unknown
bacteria (B) 1Kb DNA ladder (C) product of 16S rRNA gene (1.5 kb)
from (PCR).both figure (A and C) on agrose gel (1%) electrophoresis

and detected by staining with ethidium bromide.
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4.3.2. Phylogenetic identification of unknown organisms

16S rRNA sequences from TV1, EV2 and SV3 were determined and the sequence
data was used to produce a phylogenetic tree providing the basis for efficient
phylogenetic investigation, of each genus. Fig 4.3 is an example of phylogenetic
analysis of Geobacillus thermoleovorans (TV1) strain whilst Enterobacter mori
(EV2) and Pseudomonas putida (SV3) are plotted in Appendix B. In addition (Table
4.2) shows 16S rRNA sequence analyses representing the closest matches of TV1,
EV2 and SV3 cultured from volcanic ash soil.

Generally, the phylogentic tree, identified by using ribosomal RNA sequences,
established the closeness of phenotypically defined TV1 strain, an exception was
thermophilic bacterium. Phylogenetic analysis of TV1 by using the BLASTN
algorithm at NCB1 indicated a 99% to Geobacillus sp particularly G.

thermoleovorans Fig 4.4 rRNA ,(NCBL accession number AJ564614.1)

Table 4.2: 16S rRNA sequence analyses of TV1, EV2 and SV3 cultured from

volcanic ash soil.

Samples Representative  Closest matches  Sequence NBCI
sequence Identification Identity (Accession
number)
Volcanicash  TV1 Geobacillus 99.0 % AJ564614.1

thermoleovorans

Volcanic ash EV2 Enterobacter 99.0 % EU721605.2
mori

Volcanic ash SV3 Pseudomonas 100% AF291048.1
putida
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Figure 4.3: Neighbour joining phylogenetic tree of 16S rRNA gene of TV1 strain
Pair wise alignment with a maximum sequence difference of 0.05.

Produced by using BLASTN at NCB1.
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Figure 4.4: The highest percentage identity matches following BLASTN comparison
of Geobacillus sp 16S rRNA and the NCBI nucleotide collection (nr/nt)
database. The “Query “ line refers to the input sequence, Geobacillus sp.
16S rRNA gene, partial sequence whilst the “ Subject “ line refers to the
matching sequence, in this instance Geobacillus thermoleovorans small

subunit rRNA.
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4.3.3. Morphological and physiological characteristics

Various biochemical tests were carried out on the three strainsTV1, EV2 and

SV3, isolated from volcanic ash soil samples.

Standards methods were used to

characterise the strain morphologically and physiologically, the results are given in

Table 4.3.

Table 4.3: A summary of the basic characteristics of G. thermoleovorans (TV1), E.

moir (EV2) and P. putida (SV3).

Characteristic

Morphology
Cell-shape
Colony-colour
Cell width(um)
Cell length(um)
Gram staining
Motility
Response to oxygen
Catalase test
Oxidase test
Starch hydrolysis
Gelatine hydrolysis
Fat hydrolysis
Maximum growth
temperatures (°C)
Minimum growth
temperatures (°C)
pH

NaCl M

UV-B resistant
UV-C resistant

Geobacillus
thermoleovorans
(TV1)

Long-rod
Cream
0.7-1.0
1.5-35

Positive
Non-motile
Aerobic
Positive
Positive
Positive
Positive
Positive

70

45

5.0-9.0
0.17-1.0

50 second
Non-resistant
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Enterobacter

moir
(EV2)

Rod

Light yellow
0.3-1.0
0.8-2.0

Negative
Motile
Facultative
Positive
Negative
Negative
Positive
Negative
55

25

4.0-10.0
0.17-1.5

1minuets
20 second

Pseudomonas
putida
(SV3)

Rod
Colourless
0.5-1.0
1.0-5.0

Negative
Motile
Facultative
Positive
Positive
Negative
Negative
Negative
45

25

5.0-9.0
0.17-1.0

1 minuets
20 second



The physiological characteristic of the antibiotic resistance profile for G.

thermoleovorans (TV1), E. mori (EV2) and P. putida (SV3) are given in Table 4.4,

which shows the antibiotics and the concentration used and the inhibition zone

obtained for each strain.

Table 4.4: The effect of antibiotics on growth of G.thermoleovorans, E. mori and

Antibiotic

Amoxycillin
Ampicillin

Cefoxitin

Chloramphenicol

Erythromycin

Gentamicn
Imipenem
Lincomycin
Methicillin
Penicillin

Penicillin

Streptomycin

Tetracycline

Vancomycin

P.putida on LB medium.

Abbreviation,
concentrations

AML 25ug
AMP 25 ug
FOX 30 ug
C 30 g

E 15ug

CN 30ug
IPM 10ug
My 15ug
M 10
P10ug

P 6ug

S 10ug

TE 30ug
VA 30ug

G.thermoleovorans
zone of inhibition
(mm)

2.8mm
3.3mm
2.4mm
2.0mm
3.5mm

0.6mm

2.6mm
3.0mm

2.5mm
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E. mori
Zone of
inhibition
(mm)

1.3mm

1.3mm

2.0mm

P.putida
Zone of
inhibition
(mm)

2.5mm

0.5mm

1.3mm



Figure 4.5: The effect of antibiotics (A) Fox 30ug (B) VA 30 ug, C30ug and E15ug
on G. thermoleovorans (C) C30ug (D) CN30ug and IPM 10ug on E.
mori (E) IPM 10ug and (F) TE 30ug on P. putida; all strains grown on
LB medium for 24 hours.
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4.3.4. Physiological characteristics of Geobacillus thermoleovorans (TV1)

4.3.4.1. Growth response of G. thermoleovorans (TV1) to different temperature
and different media

The effect of a range of temperatures and different media on the growth of G.
thermoleovorans is shown in Fig 4.6. G. thermoleovorans was grown for 24 hours
with rotary shaking (250 rpm) and the resultant optical density was measured at
600nm. The result shows that G. thermoleovorans was able to grow on rich LB
medium and minimal salts media, M9. The strain was grown at 45°C to 70°C with
55°C being optimal in both media. This result agrees with findings of Sunna et al.,
(1997) and Nazina et al., (2001). No growth was observed at 25°C and 37°C in LB or
M9 media for 24 hours and 48 hours. In conclusion, G. thermoleovorans is a
thermophilic bacterium, isolated from a non-extreme temperature environment and is

unable to grow at temperatures lower than 45°C.
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Figure 4.6: The effect of different temperatures (45, 55, 65 and 70°C) on the
growth of Geobacillus thermoleovorans using LB () and M9 (
) minimal salt media. () refers to Standard Error (SE).
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4.3.4.2. Growth curve of G. thermoleovorans (TV1) at different temperatures
(45°C, 55°C, 65°C and 70°C) in LB medium at pH 7.0 and 0.17M NacCl.

It can be clearly seen from Fig 4.7 that temperature determined the rate of the
growth of the bacterium, with the highest growth observed at 55°C. The lowest
growth was shown at 70°C after 10 hours. However, there was good growth after 24
hours at 70°C and the optical density was (1.244). G. thermoleovorans demonstrated
the ability to grow at range (45°C -70°C). It can be concluded that G. thermoleovorans
is as thermopile since it requires a temperature of around 55°C for optimum growth
and was unable to grow outside the temperatures range of 45°C-70°C (Graham et al.,

2006). These findings are in agreement with those of Souza and Martins (2001).

ODg00

Time (hour)

Figure 4.7: Growth curves of Geobacillus thermoleovorans grown at different

temperature; 45 °C ( —&—), 55°C (—%—), 65°C (—#®—) and 70°C

(—®—) measured at optical density of 600 nm. (l) refers to Standard
Error (SE).
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4.3.4.3. Growth response of G. thermoleovorans (TV1) to different pH and

different media
The effect of different pH values on the growth of G. thermoleovorans on different
media is presented in Fig 4.8. G. thermoleovorans was grown for 24 hours and the
ODgoo measured. G. thermoleovorans was capable of growth on rich LB medium as
well as Horikoshi medium. It also grew on minimal salts medium M9. The strain was
grown at pH 5.0 to pH 9.0 with pH 7.0 being optimal in each media. There was no
observable growth under alkaline conditions (pH10.0 and pH 12.0) or acidic

conditions (pH 3.0, pH 4.0) in LB, Horikoshi or M9 media for 24 hours or 48 hours.

2.5 1

1.5 1

ODg00

1.0 1

0.5 1

Ll

pH 5 pH 7 pH 9
pH

Figure 4.8: The effect of different pH (pH 5.0, pH 7.0, and pH 9.0) on the growth of
Geobacillus thermoleovorans using LB () Horikoshi ( E==) and

M9 minimal salts media (EEE) (1) refers to Standard Error (SE).
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4.3.4.4. Growth curve of G. thermoleovorans (TV1) at different pH values (pH
5.0, pH 7.0 and pH 9.0) in LB medium at 55°C and 0.17M NacCl.

The result shows that the optimal growth of the isolate occurred at neutral (pH7.0)
conditions (Fig 4.9). Moreover, there was good growth at alkaline conditions pH 9.0
after 5 hours and steady growth at pH 5.0 during 10 hours. G. thermoleovorans can
survive at pH 5 after 24 hours. In conclusion, G. thermoleovorans can grow in media

at neutral pH and can tolerate pH values between 5.5 and 8.0. (Romano,et al., 2005)

1.8 1

ODeg00

Time (hour)

Figure 4.9: Growth curves of Geobacillus thermoleovorans grown at different pH

values; pH 5.0 (=) pH 7.0 (—%—) and pH 9.0 (—#—)
measured at optical density of 600 nm. (1) refers to Standard Error (SE).
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4.3.4.5. The effect of different NaCl concentration (0.17, 0.5, 1.0, 1.5, 2.0, 2.5 and
3.0 M) on the growth of G. thermoleovorans (TV1) using LB and M9 media

The result shows that there was a considerable growth of the isolate at 0.17 M
NaCl, and good growth over the concentration range of 0.5M to 1.0M NaCl (Fig
4.10), in both media. On the other hand, G. thermoleovorans shows a dramatic
decrease in growth at salinities from 1.5 M to 3.0M NaCl. It can be concluded that G.
thermoleovorans does not require NaCl for growth however; it was able to grow in a
NaCl concentration of 1.0M NaCl. The optimum growth was detected at 0.4M NacCl
(Romano,et al., 2005); G. thermoleovorans has been shown to tolerate NaCl

concentrations from 0.0 to 2.1 M (DeFlaun et al., 2007).

1.8 ;
1.6 -
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0.0 0.5 1.0 15 2.0 2.5 3.0

Concentration of NaCl (M)

Figure 4 .10: The effect of different NaCl concentrations (0.17, 0.5, 1.5, 2.0, 2.5 and

3.0 M) on the growth of Geobacillus thermoleovorans using LB

( =) and M9 (=) media. (I) refers to Standard Error (SE).
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4.3.4.6. The effect of UV (B and C) on the number of colony forming units
(CFU) of G. thermoleovorans (TV1).

The number of colony forming units of G. thermoleovorans found after exposure
to UV-B and UV-C, along with the total count before radiation exposure to UV-B or
UV-C, is presented in Fig 4.11. It can be clearly seen that G. thermoleovorana
cannot survive when exposed to UV-C radiation from 5 to 60sec. However, G.
thermoleovorana CFU decreased with increasing doses of UV-B radiation and was
not resistant to 50sec. exposure. In conclusion, the effect of UV-C significantly

reduced CFU, while UV-B decreased the CFU with increasing length of exposure.

c.EU/miL

0 ® ® ® ¢ &
Control 5 10 20 30 40 50 60

Time (second)

Figure 4.11: Effect of UV-B (—d—) and UV-C (—9) on the number of
colony forming units of Geobacillus thermoleovorans. (I) refers to
Standard Error (SE).
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4.3.4.7 External morphology of G. thermoleovorans (TV1) observed by scanning

electron microscopy (SEM).

Figure 4.12: Scanning electron micrograph showing the morphology of the
Geobacillus thermoleovorans (A) scale marker 2um. (B) scale marker

5um. Note red arrows show long rods undergoing division cells.

4.3.4.8 Internal morphology of G. thermoleovorans (TV1) observed by
transmission electron microscopy (TEM).

Figure 4.13: Transmission electron micrograph showing the morphology of the
Geobacillus thermoleovorans (A) and (B) scale marker 100nm. Note
red arrows (A) showing (PG) peptidoglycan layer, (B) showing (CW)

cytoplasmic membrane.
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4.3.5. Physiological characteristics of Enterobacter mori (EV2)

4.3.5.1. Growth response of E. mori (EV2) to different temperatures and
different media

The effect of a range of temperatures and media on the growth of E. mori is shown
in Fig 4.14. E. mori was grown for 24 hours with rotary shaking (250rpm) and
measured at OD of 600nm. The result shows that E. mori was able to grow on rich
media such as LB and minimal salts media, M9. The strain was grown at 25°C to
55°C, with 37°C being optimal in both media. There was no observed growth at 15°C

and 65°C in LB or M9 media for 24hours and 48 hours.
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Figure 4.14: The effect of a range of temperature (25, 37, 45, 55 and 65°C) on the
growth of Enterobacter mori using LB () and M9 (E33) minimal
salts media (1) refers to Standard Error (SE).
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4.3.5.2. Growth curve of E. mori (EV2) at different temperatures (25°C, 37°C
and 45°C) in LB medium at pH 7.0 and 0.17M NacCl.

It can be clearly seen from Fig 4.15 that temperatures determined the rate of the
growth of the bacterium, with the highest growth observed at 37°C. The lowest
growth was shown at 45°C after 10 hours. However, there was good growth after 24
hours at 45°C and the optical density was (1.060). E. mori was shown to be capable of

growing over the temperature range 25°C -55°C.

2.5 -

ODg00

12

Time (hour)

Figure 4.15: Growth curves of Enterobacter mori grown at different temperature; 25
°C (=de—), 37°C (—#—) and 45°C (=) measured at
optical density of 600 nm. (I) refers to Standard Error (SE).
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4.3.5.3. Growth response of E. mori (EV2) at different pH and different media

The effect of a range of pH on the growth of E. mori at different media is shown in
Fig 4.16. E. mori was grown for 24 hours and the ODgpo measured. E. mori was
capable of growth on rich LB medium and Horikoshi medium. It was also able to
grow on minimal salts media M9, the strain was grown at pH 4.0 to pH 10.0 with pH
7.0 being optimal in each media. There was no observable growth under highly
alkaline conditions (pH212.0) or highly acidic conditions (pH 3.0) in LB, Horikoshi
and M9 media for 24hours or 48 hours. Therefore, it can be concluded that E. mori

can grow and survive in both alkaline and acidic conditions.

3.0 1

2.5 - _

2.0 1
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Figure 4.16: The effect of different pH (pH 5.0, pH 7.0, and pH 9.0) on the growth
of Enterobacter mori using LB (W) Horikoshi (E=2) and M9

minimal salts media ( EEEE) (1) refers to Standard Error (SE).
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4.3.5.4. Growth curve of E. mori (EV2) at different pH values (pH 4.0, pH 5.0,
pH 7.0, pH 9.0 and pH 10.0) in LB medium at 37°C and 0.17M NacCl.

The results show that optimal growth of the isolate occurred at neutral (pH 7.0)
conditions (Fig 4.17). Moreover, there was a good growth at alkaline conditions pH
9.0 and pH 10.0. This bacterium grew well at acidic conditions (pH 4.0). In
conclusion, E. mori can grow in media at neutral pH but it also survives at pH values
between pH 4.0 and pH 10.0.This is in agreement with the results obtained by Zhu et

al., (2011).

12

Time (hour)

Figure 4.17: Growth curves of Enterobacte mori grown at different pH values; pH
4.0 (—@—), pH 5.0 (=—d—), pH 7.0 (—&#—), pH 9.0(—*—) and
pH 10.0 (—®—) measured at optical density of 600 nm. (I) refers to
Standard Error (SE).
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4.3.5.5. The effect of different NaCl concentration (0.17, 0.5, 1.0, 1.5, 2.0, 2.5 and
3.0 M) on the growth of E. mori (EV2) using LB and M9 media

The result shows that there was a significant growth of the isolate at 0.17, 0.5 and
1.0 M NaCl and there was a good growth at 1.5M NaCl Fig 4.18 in LB medium. On
the other hand, E. mori shows a dramatic decrease in growth at salinities from 2.0 M
to 3.0M NaCl in LB medium. There was a gradual decrease in growth at 0.17 to 1.0 M
NaCl in M9 media. We can conclude therefore that E. mori does not require NaCl for
growth but can tolerate salt concentration more than 1.0M NaCl, and NaCl

concentration at 1.5M in LB medium.
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Figure 4 .18: The effect of different NaCl concentrations (0.17, 0.5, 1.5, 2.0, 2.5 and
3.0 M) on the growth of Enterobacter mori using LB ( ESllll ) and M9

(== ) media. (1) refers to Standard Error (SE).
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4.3.5.6. The effect of UV (B and C) on the number of colony forming units
(CFU) of E. mori (EV2).

The number of colony forming units of E. mori following exposure to UV-B and
UV-C are shown in Fig 4.19, together with the total count before radiation exposed
to UV-B or UV-C. It can be clearly seen that E. mori survives when exposed to UV-
C radiation at 5 to 20sec and it cannot survive after 30sec. However, E. mori colony
forming units decreased with increasing dose of UV-B radiation and it could not

resist a 1 min exposure.
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Figure 4.19: Effect of UV-B (=—#=—) and UV-C (—%) on the number of
colony forming units of Enterobacter mori. (I) refers to Standard
Error (SE).
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4.3.5.7. External morphology of E. mori (EV2) observed by scanning electron
microscopy (SEM).

Figure 4.20: Scanning electron micrograph shows the morphology of the
Enterobacter mori (A) scale marker 2um. (B) scale marker 5um.

Note red arrows showing short- rod undergoing division cells.

4.3.5.8. Internal morphology of E. mori (EV2) observed by transmission electron
microscopy (TEM).

Figure 4.21: Transmission electron micrograph shows the morphology of the
Enterobacter mori (A) and (B) scale marker 0.2um.Note red arrows
(A) showing (PG) peptidoglycan layer and (CM) cytoplasmic

membrane, (B) showing (OM) outer membrane.
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4.3.6. Physiological characteristics of Pseudomonas putida (SV3)

4.3.6.1. Growth response of P. putida (SV3) at different temperature and
different media

The effect of a range of temperatures and different media on the growth of P. putida
IS presented in Fig 4.22. P. putida was grown for 24 hours with rotary shaking
(250rpm) and measured at OD of 600nm.The results show that P. putida was able to
grow on rich media as LB and minimal salts media M9. The strain was grown at 25°C
to 45°C, 25°C being optimal in both media. This result agrees with the findings of Li
et al., (2010). There was no growth observed at 15°C, 55°C and 65°C in LB or M9

media for 24 hours and 48 hours.
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Figure 4.22: The effect of different temperature (25, 37, 45, 55 and 65°C) on the
growth of Pseudomonas putida using LB (i) and M9 (E3)
minimal salts media. (I) refers to Standard Error (SE).
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4.3.6.2. Growth curve of P. putida (SV3) at different temperatures (25°C, 37°C
and 45°C) in LB medium at pH 7.0 and 0.17M NacCl.

It can be clearly seen from Fig 4.23 that temperatures determined the rate of the
growth of the bacterium, with the highest growth observed at 25°C. The lowest
growth was shown at 45°C after 10 hours; however, there was good growth after 24
hours at 45°C and the OD was (1.333). P. putida grew over the range 25°C -45°C, so
it can be concluded that P. Putida cannot grow outside the temperatures range of

25°C-45°C and is considered a mesophilic bacterium.
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Figure 4.23: Growth curves of Pseudomonas putida grown at different temperature;
25 °C (===, 37°C (—®—) and 45°C ( —%—) measured at
optical density of 600 nm. (1) refers to Standard Error (SE).
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4.3.6.3. Growth response of P. putida (SV3) at different pH and different media
The effect of a range of pH on the growth of P. putida at different media is shown

in Fig 4.24. P. putida was grown for 24 hours and the ODgyo measured. P. putida was
able to grow on rich media such as LB and Horikoshi media. It was also able to grow
on minimal salts media, M9. The strain was grown at pH 5.0 to pH 9.0, with pH 7.0
being optimal in each medium. There was no observable growth under alkaline
conditions (pH 10.0 and pH 12.0), or acidic conditions (pH 3.0, pH 4.0) in LB,

Horikoshi and M9 media for 24 hours or 48 hours.
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Figure 4.24: The effect of different pH (pH4.0, pH 5.0, pH 7.0, pH 9.0, pH10.0 and
pH 12.0) on the growth of Pseudomonas putida using LB ()
Horikoshi ( E===) and M9 minimal salts media () (]) refers to
Standard Error (SE).
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4.3.6.4. Growth curve of P. putida (SV3) at different pH values (pH 5.0, pH 7.0,
pH 9.0 and pH 10.0) in LB medium at 37°C and 0.17M NaCl.

The result shows that the optimal growth of the isolate occurred at neutral (pH 7.0)
conditions (Fig 4.25). There was however, good growth at alkaline conditions pH 9.0
and at acidic conditions (pH 5.0). In conclusion, P. putida can grow in media at
neutral pH but it also survives at pH values between pH 5.0 and pH 10.0. These

findings are in agreement with those of Zhu et al., (2011).
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Figure 4.25: Growth curves of Pseudomonas putida grown at different pH values;
pH 5.0 (—®—), pH 7.0 ( =—d=—), pH 9.0 (—#—) and pH 10.0

(—®—) measured at optical density of 600 nm. (l) refers to Standard
Error (SE).
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4.3.6.5. The effect of different NaCl concentration (0.17, 0.5, 1.0, 1.5, 2.0, 2.5 and
3.0 M) on the growth of P. putida (SV3) using LB and M9 media.

The results show that there was a considerable growth of the isolate at 0.17, 0.5 and
1.0 M NaCl (Fig 4.26) in LB medium. On the other hand, P. putida shows a dramatic
decline in growth at salinities from 1.5 M to 3.0M NacCl, in LB medium. There was a
gradual decrease in growth at 0.17 to 1.0 M NaCl in M9 media. It can be concluded
therefore that P. putida does not require NaCl for growth but can tolerate a salt

concentration of, 1.0M NaCl.
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Figure 4 .26: The effect of different NaCl concentrations (0.17, 0.5, 1.5, 2.0, 2.5 and
3.0 M) on the growth of Pseudomonas putida using LB ( lEEE) and
M9 ( E=3) media. (1) refers to Standard Error (SE).
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4.3.6.6. The effect of UV (B and C) on the number of colony forming units
(CFU) of P. putida (SV3).

The number of colony forming units of P. putida following exposure to UV-B and
UV-C are presented in Fig 4.27, as well as the total count before radiation exposure
to UV-B or UV-C. It can be clearly seen that P. putida survives when exposed to
UV-C radiation at 5 to 20sec, but that it cannot survive 30sec of exposure.
However, P. putida colonies forming units decreased with an increasing dose of UV-

B radiation and were killed after 1 min exposure.
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Figure 4.27: Effect of UV-B (—d—) and UV-C ( —%—) on the number of colony

forming units of Pseudomonas putida. (1) refers to Standard Error (SE).
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4.3.6.7 External morphology of P. putida (SV3) observed by scanning electron
microscopy (SEM).

Figure 4.28: Scanning electron micrograph shows the morphology of the
Pseudomonas putida (A) scale marker 2um. (B) scale marker 5um.

Note red arrows showing short- rod undergoing division cells.

4.3.6.8. Internal morphology of P. putida (SV3) observed by transmission
electron microscopy (TEM).

Figure 4.29: Transmission electron micrograph shows the morphology of the

Pseudomonas putida (A) showing (PG) peptidoglycan layer (CM)
cytoplasmic membrane and (OM) outer membrane. Scale marker

0.1um. (B) showing (P) pilus or fimbria. Scale marker 50 nm.
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4.4. Conclusions

The major initial aim of this Chapter was to isolate extremophilic bacteria, from
weathered volcanic ash, a non-extreme environment. The volcanoes of which have
not been active since 2007. Three bacteria (Geobacillus thermoleovorans,
Enterobacter mori and Pseudomonas putida) were isolated as pure cultures and
identified by 16S rRNA gene sequencing. Table 4.3 shows the main characteristics
of this isolates and the main characteristics of G. thermoleovorans was as follows: a)
the isolate was grown at 45°C to 70°C with 55°C being optimal in both media M9
and LB b) G. thermoleovorans is a thermophile since it requires a temperature of
around 55°C for optimum growth and was unable to grow outside the temperatures
range of 45°C-70°C. c) G. thermoleovorans can grow in media at neutral pH and can
tolerate pH values between 5.5 and 8.0. d) G. thermoleovorans does not require NaCl
for growth however; it was able to grow in a NaCl concentration of 1.0M NaCl. e)
The effect of UV-C significantly reduced C.F.U, while UV-B decreased C.F.U with
increasing length of exposure.

The second isolate Enterobacter. mori was able to grow on rich media as LB and
minimal salts media M9. The strain was grown at 25°C to 55°C, 37°C being optimal
in both media. The strain was grown at pH 4.0 to pH 10.0, with pH 7.0 being optimal
in LB, Horikoshi and M9 minimal salts media. E. mori was shown to be capable of
growing and surviving in both alkaline and acidic conditions E. mori does not require
NaCl for growth, but can tolerate salt concentration more than 1.0M NaCl, and a
NaCl concentration at 1.5M in LB medium. E. mori survived when exposed to UV-
C radiation for 5 to 20sec and it cannot survive after 30sec. However, E. mori
colony forming units decreased with increasing dose of UV-B radiation and it could

not resist a 1 min exposure.
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Pseudomonas putida was able to grow on rich media as LB and minimal salts
media M9. The strain was grown at 25°C to 45°C, 25°C being optimal in both media.
The strain was grown at pH 5.0 to pH 9.0, with pH 7.0 being optimal in each media.
There was no observable growth under alkaline conditions (pH 10.0 and pH 12.0), or
acidic conditions (pH 3.0, pH 4.0) in LB, Horikoshi and M9 media for 24 hours or 48
hours. It can be concluded therefore that P.putida can tolerate a salt concentration of,
1.0M NaCl. It cannot however, survive 30sec of exposure to UV-C. However, P.
putida colony forming units decreased with an increasing dose of UV-B radiation

and were killed after 1 min exposure.
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CHAPTER 5

DETERMINATION OF COMPATIBLE SOLUTES BY USING
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY (NMR)

5.1. Introduction

A wide variety of microorganisms produce compatible solutes in order to allow
them to adapt to different extreme environments (Kurz, 2008). The accumulation of
compatible solutes is an approach commonly employed by bacteria to provide
cellular protection against high salt concentration (osmolarity); while other bacteria
(e.g. Bacillus subtilis) accumulate the compatible solute, glycine betaine as an
effective protection against cold and heat stress (Holtmann and Bremer, 2004;
Hoffmann and Bremer, 2011). Other thermophilic bacteria (e.g. Rhodothermus
mariuns and Thermus thermophilus), accumulate 2-O-Mannosylglycerate as a major
compatible solute (Nunes et al., 1995). Compatible solutes have been widely studied
as organic osmolytes responsible for osmotic balance, and at the same time, being
compatible with the cellular metabolism (Galinski, 1993). A wide range of these
solutes has been studied using nuclear magnetic resonance (NMR) and high
performance liquid chromatography (HPLC).

Nuclear magnetic resonance (NMR) spectroscopy is a valuable technique for the
rapid detection of compatible solutes which accumulate intracellularly in
microorganisms after exposure to a range of different stresses (Nunes et al., 1995).
Nuclear magnetic resonance spectroscopy is also a very powerful and adaptable
technique for investigating biological molecules and their interactions in solution
(Fenn et al., 2002).

The aim of the work discussed in this Chapter was to identify the compatible

solutes accumulated by three strains which been identified earlier viz: i) Geobacillus
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thermoleovorans, (TV1) subjected to high temperatures stress; ii) Enterobacter mori,
(EV2) at salinity and different external pH values; and iii) Pseudomonas putida,

(SV3) when exposed to different salinity concentrations.

5.2. Material and Methods

5.2.1. Nuclear magnetic resonance (NMR) spectroscopy apparatus

During NMR analysis, the sample being investigated is initially placed in an
extremely magnetic field, which is cooled by liquid nitrogen and helium. Pulses of
radio waves passed into the sample then emit a radio wave reply and the response is

then analysed electronically to produce a NMR spectrum (Fig 5.1) (Fenn et al.,

2002).

]

— liquid nitrogen

W —

computer  NMR spectrum

—
A Pl—

liquid helium

VAR

]

[

% |

powerful magnetic field

sample

—

radio frequency generation

(A) (B)

Figure 5.1: (A) The explanatory scheme for NMR apparatus (Reproduced and
updated from Fenn et al, 2002) used with permissions. (B) The NMR

apparatus used in this experiment
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5.2.2. Sample preparation for NMR analysis

Samples (5 ml) of Geobacillus thermoleovorans (TV1), Enterobacter mori (EV2)

and Pseudomonas putida (SV3) cultures were transferred into (15 ml) tubes,
centrifuged at 5000 xg for 10 minutes and the supernatant was discarded carefully.
The resulting pellets were kept in -80°C freezer until been analysed. The pellets were
thawed by re-suspending them in 1ml of MillQ water and vortexed for 1 minute at
room temperature, and then been sonicated (2x 20 seconds) using Soniprep 15,
SANYO at 15 amplitude microns. The samples were then centrifuged at 5000 xg for
10 minutes, and the resultant supernatant layers were transferred into microcentrifuge
tubes then transferred to -80°C for 2 hours. The samples were then dried using (Heto
Power Dry PL9000) at -91.4°C condenser and 0.36 KPa pressure for 48 hours.
The final samples preparation step before NMR analysis was the addition of 'H to
2D 'H-'H HSQC and 2D C-H C-HSQC. NMR spectra were obtained by re-
dissolving the dried sample cells in 500 pl of D,O in a microcentrifuge tube.
Followed by addition of 5ul of trimethly siylpropionate (TSP) to the NMR tube, and
then the dissolved samples were analysed using NMR equipment (Frings et al.,
1993).

5.2.3. Effect of adaptation to different temperatures on compatible solutes
accumulated by Geobacillus thermoleovorans (TV1)

The effect of adaptation to different temperatures (45°C, 55°C, 65°C and 70°C)
on the growth of G. thermoleovorans (TV1) was investigated in two media (e.g. LB
and M9). Aligouts of actively growing cultures (e.g. 1 ml) were used to inoculate 50
ml of M9 media at 45°C, with continuous shaking for 24 hours. The ODgy Of each
culture were measured and recorded, and then another aliquot (e.g. 1ml) from each
culture of the new M9 culture grown at 45°C were transferred into 50 ml of M9

media and were grown at 55°C and been incubated under the same conditions.

177



Again, the concentration (e.g. ODgoo) Was measured for the both bacterial cultures,
and then portions of 1ml from the M9 culture grown at 55°C were transferred into 50
ml M9 media and been grown at 65°C; this was incubated under the same conditions.
Finally, 1ml from the M9 cultures grown at 65°C were transferred into fresh aliquots
of 50 ml M9 media and grown at 70°C and were incubated using the same
conditions. The same procedure was performed for growth of the bacterial strain in
LB medium. After each experiment, 5 ml of every sample were centrifuged for 10
minutes at 3000 xg, then the supernatant was discarded and the pellets were kept in -
80°C freezer until been used. NMR analysis was carried out as described earlier in
(Section 5.2.2).

5.2.4. Effect of adaptation to different salinity, pH on compatible solutes

accumulated by Enterobacter mori (EV2)

E. mori (EV2) was adapted to different concentration of NaCl (0.17, 0.50, 1.0 and
1.5 M) in M9 minimal medium and (0.17, 0.50, 1.0, 1.5 and 2.0 M) in LB medium
(see Chapter 4, Section 4.2.5.10) for more detailed about adaptation to different
salinity in M9 medium), and the same procedure was performed to adapt the isolate
in LB medium. In addition, E. mori (EV2) was adapted to different pH values (e.g.
pH 4.0, pH 7.0, and pH10.0) in both M9 and LB media. The same procedure to adapt
to different salinity was used, as described previously to adapt to different pH values.
Each sample was prepared for NMR analysis as described above.

5.2.5. Effect of adaptation to different salinity on compatible solutes

accumulated by Pseudomonas putida (SV3)
In this experiment, the isolate of P. putida (SV3) was adapted to different
concentrations of NaCl (e.g. 0.17, 0.50 and 1.0) in M9 minimal medium and (e.g.

0.17, 0.50, 1.0 and 1.5) in LB medium (as described in Chapter 4, Section 4.2.5.10).
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Similar procedures were performed to adapt the investigated bacterial strain in LB
medium. Each sample was prepared for NMR analysis as described earlier in this

Chapter (Section 5.2.3).

5.3. Results and Discussion

5.3.1. NMR analysis of compatible solutes

The aim of NMR analysis was to identify the compatible solutes accumulated by
three strains G. thermoleovorans (TV1), E. mori (EV2) and P. putida (SV3) when
exposed to different stress conditions. The effect of media type used in this
experiment was also investigated by using two media (e.g. M9 salt minimal medium
and rich LB medium) for different stress conditions.

5.3.2. Accumulation of compatible solutes as strategies for adapting to a high

temperatures stress by G. thermoleovorans

The spectrum of compatible solutes in G. thermoleovorans strain has been
established with NMR techniques at different temperatures. Fig 5.2
shows the compatible solutes accumulation by G. thermoleovorans when the strain
was grown in M9 minimal salt medium at pH 7.0 and was adapted at different
temperatures (e.g. 45°C, 55°C, 65°C and 70°C). G. thermoleovorans in M9 medium
did not accumulate any osmolyte in its cells, which might be due to presence of
intracellular metal ions at high temperatures. Similarly, the compatible solutes
accumulated by G. thermoleovorans, when the strain was grown in LB medium at
pH 7.0, were adapted at different temperatures (e.g. 45°C, 55°C, 65°C and 70°C) are
shown in Fig 5.3. It can also be seen that betaine was the main compatible solute at

55°C in LB medium.
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Figure 5.2: NMR 'H spectra of cell extracts from G. thermoleovorans at 45°C,
55°C, 65°C and 70°C in M9 minimal salt medium spectra.

betaine

Figure 5.3: NMR 'H spectra of cell extracts from G. thermoleovorans at 45°C,
55°C, 65°C and 70°C in LB medium spectra.
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5.3.3. Accumulation of compatible solutes as a strategy for adapting to salinity
stress by E. mori

Compatible solutes present in E. mori strain grown at different salinities were
analysed. Fig 5.4 shows the compatible solutes accumulated by E. mori when the
isolate was grown in M9 minimal salt medium at pH 7.0 and was adapted at different
salinities (0.17, 0.5, 1.0 and 1.5 M) NaCl. From the spectra shown in this Figure, it is
clear that when E. mori, was subjected to different salinity stresses, has shown
different amounts of compatible solutes (e.g. proline) were produced. The maximum
amount of proline was produced at 1.0 M; however, it diminished again at 1.5M. The
spectra appeared at 0.5 and 1.5 M NaCl have numerous signals due to interference
from various sugars. The most obvious change occurred was the instant increase in
proline as salt concentration was increased.

Fig 5.5 shows the compatible solutes accumulation by E. mori when the strain
was grown in LB medium at pH 7.0 to adapt different salinities (e.g. 0.17, 0.5, 1.0,
1.5 and 2.0 M NaCl). It can be clearly seen that when E. mori when exposed to
different stresses at different NaCl values shows different amounts of compatible
solutes, mainly of betaine. Betaine is the main organic solute present in the LB
medium at 1.5 M NaCl, however, it was very scant at 0.17M NaCl. While double this
amount was formed when it was exposed to 0.5 M NaCl, and approximately 4X at
1.0 M NacCl fold than that for 0.17M NaCl. The maximum amount of betaine was
produced by the isolate at 1.5M NaCl, and was drastically diminished at 2.0M NaCl.
These results are with full agreement with findings reported by Imhoff and
Rodriguez-Valera (1984), which stated that various species of the family
Enterobacteriaceae accumulate betaine as the main compatible solute under different

solute stresses.
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Figure 5.4: NMR *H spectra of cell extracts from E. mori at 0.17, 0.5, 1.0 and 1.5
NaCl (M) in M9 minimal salt medium spectra.
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Figure 5.5: NMR 'H spectra of cell extracts from E. mori at 0.17, 0.5, 1.0, 1.5 and
2.0 NaCl (M) in LB medium spectra.
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5.3.4. Accumulation of compatible solutes as a strategy for adapting to pH stress
by E. mori

Compatible solute accumulation in E. mori strain grown at different pH were
analysed in this experiment. Fig 5.6 shows the compatible solutes accumulation
results by E. mori when the strain was grown in M9 minimal salt medium and was
subjected to adapt at different pH values (e.g. pH 4, pH 7.0 and pH 10.0). From the
spectra shown in the diagram, it is clear that E. mori, subcultured in different pH
values, clearly accumulaed two types of compatible solutes, i.e. glutamate and
betaine. At pH 4.0, betaine was the main compatible solute accumulated, whereas,
glutamate was dominant at pH 7.0.

Fig 5.7 shows the compatible solutes accumulated by E. mori when the strain was
grown in LB medium and was adapted to different pH values (e.g. pH 4.0, pH 7.0
and pH 10.0). In the case of E. mori subcultured on LB medium at different pH
values, the obtained results showed that betaine was the main compatible solute
present; which was dominant at pH 10.0, while it was formed in lower amounts at

lower pH values (e.g. pH4.0 and pH7.0).
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Figure 5.6: NMR 'H spectra of cell extracts from E. mori at pH 4.0, pH 7.0 and
pH10.0 in M9 minimal salt medium spectra.
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Figure 5.7: NMR 'H spectra of cell extracts from E. mori at pH 4.0, pH 7.0 and
pHZ10.0 in LB medium spectra.
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5.3.5. Accumulation of compatible solutes as a strategy for adapting to salinity

stress by P. putida

In this experiment, the NMR spectrum of compatible solutes occurred in P. putida
strain has been analysed at different salinity conditions. Fig 5.8 shows the compatible
solutes accumulation by P. putida when the strain was grown in M9 minimal salt
concentration at pH 7.0, and been adapted to different salinity gradients of NaCl (e.g.
0.17M, 0.5M and 1.0 M). From the spectra shown in (Fig 5.8), it is clear that the
organism accumulated proline and betaine at high salinity (e.g. 1.0 M), and that the
amount of betaine produced increased as salinity increased. However, there has also
been an increase in proline (in fact there has been more proline present than betaine,
even though the betaine peak is bigger). This can be explained by the fact that the
betaine signal which is sharper and is produced by 9 protons, compared to the proline
signals which are broader and is produced from only 2 protons.

Fig 5.9 also shows the compatible solute accumulation by P. putida when the
strain was grown in LB medium at pH 7.0; and been adapted to different salinities
(e.g. 0.17M, 0.5M, 1.0M and 1.5 M NaCl). Based on the spectra shown in (Fig 5.9),
it can be clearly seen that betaine was produced in most abundance at the highest salt
concentration (e.g. 1.5M NaCl). Whereas, at all salinities below 1.5 M NacCl,
glutamate and saccharide were confirmed in variant amounts. According to Kets et al
(1996) study, they reported that P. putida been found to accumulate betaine induced
by the presence of sodium chloride and sucrose. Additionally, P. putida accumulates
Noa-acetylglutaminylglutamine (NAGGA), and also mannitol as the main compatible

solute for osmoadaptation.
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Figure 3.8: NMR *H spectra of cell extracts from P. putida at 0.17, 0.5 and 1.0 NaCl
(M) in M9 minimal salt medium spectra.
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Figure 3.9: NMR 'H spectra of cell extracts from P. putida at 0.17, 0.5, 1.0 and 1.5
NaCl (M) in LB medium spectra.
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5.4. Conclusions

In the present work, the accumulation of compatible solutes for G.
thermoleovorans, E. mori and P. putida were detected in both media, i.e. low nutrient
(M9 minimal salt medium) and rich nutrient (LB) medium with different stresses. G.
thermoleovorans was adapted to grow at different high temperatures and the main
compatible solute at 55°C in LB medium was betaine. Whereas, G. thermoleovorans
did not accumulate any compatible solute in M9, at all temperatures. E. mori use
proline as the main compatible solute at 1.0M NaCl in M9 medium. In addition,
betaine was also identified at 1.5 M NaCl in LB medium. Glutamate was dominant at
pH 7.0 and betaine was the main compatible solute present at pH 4.0 in the M9
medium. Moreover, betaine was dominant at pH 10.0 in LB medium. P. putida use
betaine as a main compatible solute and proline as an additional compatible solute at
high salinity (1.0 M) in M9 medium. In LB medium P. putida accumulated betaine at
the highest salt concentration 1.5 M NaCl. Whereas, at 0.17, 0.5, 1.0 M NacCl,

glutamate and saccharide were accumulated in varying amounts.
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CHAPTER 6

DETECTION OF MYCOPLASMA IN DESERT SURFACE SOILS
AND A RANGE OF ENVIRONMENTAL SAMPLES USING THE
EZ-PCR TEST

6.1. Introduction

Mycoplasma was discovered in 1889 by a German biologist Frank. The name is
originally from the Greek myKes, for fungus and plasma. Frank obviously thought he
had isolated a fungus, although Mycoplasma, were originally referred to as
Pleuropneumonia-Like Organisms (PPLO), because of their capability to cause
contagious bovine pleuropneumonia (CBPP). Mycoplasmas are the smallest of free-
living life forms, and are found in humans, plants, animals, insect, soil and sewage
(Greenwood, et al., 2002). Mycoplasma is a genus of bacteria with special
characteristics that differ from other bacteria and viruses. Mycoplasma is prokaryotic
has the cell size between 150-250 nm, which lack cell walls and as a result, are not
inhibited by most frequently used antibiotics, such as penicillin, cycloserine and
other antibiotics which affect cell wall growth (Tadesse and Alem, 2006), they are
also not stained by Gram’s stain. Mycoplasma requires specific growth media and
need up to three weeks for growth and become mature enough for them to be
positively identified (Cassell, 1995). Colonies on agar show a characteristic “Fried-
egg or mulberry” appearance. Mycoplasma species have cell membranes containing
sterols and as a result are able to resist osmotic lyses, and are, as a result, more stable
than other prokaryotes.

Mycoplasma contains RNA and DNA and as genome with a low molecular weight
genome between 500 to 1100 bp, (G+C content 23 to 40%), a fact which

considerably reduces their biosynthetic capabilities and explains why they tend to be
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dependent on their hosts. They have no DNA homology match with known bacteria,
but they are similar to some parasitic organisms (e.g. Chlamydia and Rickettsia)
(Madigan et al., 2012). Some species are known to be human pathogens and cause
pneumonia and other respiratory diseases, (e.g. as caused by M. pneumonia). Other
species (such as M. genitalium) also cause pelvic inflammatory disease (Neumayr et
al., 2003).

In the laboratory, cell cultures are prone to contamination by Mycoplasma sp,
which can lead to the destruction of cell lines or changes in cell growth and
metabolism. Since Mycoplasma species are difficult to culture and identify using the
microscope alternative detection methods using the PCR reaction, have been
developed (Cassell, 1995; Marois at al., 2002). Only a few published papers have
reported the isolation and identification of Mycoplasma from the environment using
molecular identification techniques (McAuliffe et al., 2006). Mycoplasma were
found in drinking water, feathers, droppings, dust and chicken and turkey waste and
on lettuce (Marois et al., 2000). Environments from which these organisms have
been isolated include: bedding sand used in dairy units (Justice Allen et al., 2010),
rabbit faeces (Angulo at al., 1987), a swine waste disposal system (Orning et al.,
1978) and polluted water from poultry farms (Marois et al., 2000); Mycoplasma have
also been isolated from insects and fly larvae (Oduori et al., 2005).

The aim of the work, presented in this Chapter, was to determine whether
Mycoplasma sp can be isolated from varies desert surface soils, rock samples and
other environmental samples. In this study, environmental samples were tested in
order to detect any occurrence of Mycoplasma using an EZ-PCR Mycoplasma Test

Kit (Geneflow Limited, Cat No.20-700-20).
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6.2. Materials and Methods

6.2.1. Sample and site description

A variety of primitive desert surface soils, rock samples and other environmental

samples were studied, as follows:

1. Desert surface soils with and without lichen cover from Tabernas, Spain.

2. Volcanic ash soils with and without plant cover collected from the French Indian
Ocean Island of Reunion.

3. Desert varnish from Ashikhara, Oman.

4. Rock samples from Ghar Al Hibashi caves, Saudi Arabia and rock samples from
the Jarnan cave, Oman.

5. Volcanic rock samples from the French Indian Ocean Island of Reunion.

6. Agricultural loam soil samples from the Sheffield district.

7. Moss soil samples from the Sheffield district.

8. Garden soil samples from the garden of Royal Hallamshire Hospital, (main

entrance) Sheffield.

6.2.2. EZ-PCR Mycoplasma test kit procedures

Portions (1g) of each sample were transferred to 10 ml dH,O solutions, with
continuous shaking forl5 min at 250 rpm. Afterwards, Portions (1.0 ml) were then
transferred to 1.5 ml microcentrifuge tubes and were centrifuged at 1000 xg for
1min. The supernatant was transferred to a fresh tube and centrifuged at 13000xg for
10 min to pellet the Mycoplasma. In order to estimate the Mycoplasma, the
supernatant was carefully discarded and the pellet was then re-suspended in 50pul of
buffer solution, and mixed thoroughly using vortex mixer ( the pellets were not
always visible).Finally, the test samples were then heated at 95°C for 3 minutes, and

immediately stored at -20°C for later use.
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6.2.3. PCR amplification

For each test sample, a reaction mixture was prepared (on ice in a PCR tube). One
positive and one negative control were also prepared (see Table 6.1). The tubes were
then placed in a thermal cycler and the Mycoplasma programme was run. When the
PCR amplification was finished, the PCR tubes were removed from the thermal
cycler and aliquots of 4ul (5% loading day) were added to each tube. For positive
control, the size of the PCR product was (270bp) and the PCR was checked. Whilst
in the negative control tube, the DNA template was replaced with ddH,0.

Table 6.1: Reaction mixture in a PCR tube for amplification Mycoplasma DNA

Component Quantity
Sterile Milli-Q water 35.0-39.0pl
Reaction Mix 10.0 pl
Test sample
Positive and 5.0ul

Negative control

The thermal cycling order for PCR amplification of Mycoplasma used in this
experiment was as follows: initial denature at 94°C for 30 sec, following by 35
cycles of DNA denaturation at 94°C for 30 sec, then primer annealing step at 60°C
for 120 sec, strand elongation at 72°C for 60 sec, final denaturation at 94°C for 30
sec, primer annealing at 60°C for 120 sec, and final elongation at 72°C for 5 min.
The thermal cycling conditions used for the amplification of Mycoplasma are shown

in Table 6.2.

192



Table 6.2: PCR amplification procedure for Mycoplasma sp.

Steps

Initial denaturating
Denaturating
Annealing
Elongation

Final denaturating
Final annealing

Final elongation

Temperature and time Number of cycle

94°C for 30 sec 1
94°C for 30 sec

35
60°C for 120 sec
72°C for 1 sec
94°C for 30 sec

1
60°C for 120 sec

75°C for 5 min

Hold 4°C

6.2.4. Analysis of amplified products by gel electrophoresis

Aliquots (10ul) of the amplified test samples together with positive and negative
controls, were mixed with (2ul) portions of 6x loading dye, and added to the wells
before being separated in a 2% agarose gel. The gel was submerged in TAE buffer
1x with ethidium bromide. In order to determine the size of fragments, 6 pl of Hyper
Ladder 200 bp (Bioline, UK) was used in this experiment. Finally, the samples were
subjected to electrophoresis for 45 minutes at 80V. The amplified products were
finally visualised on the gel and digital images were taken using “UVitec” ”Uvidoc”

attached to a digital camera.

6.3. Results and Discussion

6.3.1. The occurrence of Mycoplasma in environmental samples

Mycoplasma DNA was detected using PCR amplification. Table 6.3 below shows
the results for Mycoplasma sp. isolation from the various environmental samples
studied here. Mycoplasma was not isolated from any of the desert soils samples

(whether covered by lichen or not), and in any volcanic ash soil samples (whether

193



covered by plants or not). Likewise, no Mycoplasma isolates were obtained from
any of the desert varnish samples, or in any type of rock samples and agricultural
soils. Two positive results were however found, one for the Moss soil (Polytrichum
commune), collected from the Sheffield district, and the other for the Garden soil,

collected from the garden of Royal Hallamshire Hospital, (main entrances)

Sheffield.

Table 6.3: The occurrence or absence of Mycoplasma in different environmental
samples

Samples Results

Desert surface soils with lichen cover Negative

Desert surface soils without lichen cover  Negative

Volcanic ash soils with plant cover Negative
Volcanic ash soils without plant cover Negative
Desert varnish Negative
Rock samples from Ghar Al Hibashi Negative
caves

Rock samples from Jarnan caves Negative
Volcanic rocks Negative
Agricultural soils Negative
Moss soils (Polytrichum commune) Positive
Garden soils Positive

The reason for the appearance of two positives against a general trend of negative
for the isolation of environmental Mycoplasma is not immediately obvious. The
appearance of Mycoplasma in the Moss soils and the Garden soil samples may reflect
a level of pollution from animal faeces, mostly dogs and birds, and other associated

bacteria in these environments. The presence of Mycoplasma has previously been
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reported in Hailstones samples in Sheffield, a finding which may indicate their
presence in rainwater and generally in the upper atmosphere, from where they could
undergo intercontinental transfer (AlI'Abri, 2011). Finally, there has been a report of
the isolation of Mycoplasma from the Nile River, presumably associated with

pollution by human and animal faeces (Alshammari, 2010).

6.3.2. PCR detection methods of Mycoplasma

In order to detect Mycoplasma sp., EZ-PCR Mycoplasma Test Kit was used. In
this kit, primers were specifically designed which target highly conserved sequences
in Mycoplasma DNA only, and not for bacterial or animal DNA sequences. In
general, this PCR dependent method is very sensitive, specific and rapid technique
compared to the conventional direct culturing procedures. This kit detects various
Mycoplasma species (e.g. M.capricolum, M. pirum, M.fermentans, M.salivarium,
M.arthritidis, M. hyorhinis, M.bovis, M. arginini, M. pneumonia, M.pulmonis,
M.hominis and M. pirum). In addition, Spiroplasma and Acholeplasma are detected
with high specificity and sensitivity.

This technique has a unique standard which is the rRNA gene sequences of
prokaryotes (including Mycoplasma) is well conserved; the sequences and lengths of
the spacer region in the rRNA operon (e.g. the region between 16S and 23S gene) are
different from one species to another. The detection procedure utilises the PCR
process with this primer set consists of two main elements:

i.  Amplification of a specific and conserved 16S rRNA gene region of

Mycoplasma using two primers, and

ii.  Detection of the amplified fragment by agarose gel electrophoresis.
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By using this system for DNA amplification system, DNA amplification from other
sources (e.g. bacteria or tissue samples) is avoided. Therefore, not only the
sensitivity, but also the specificity of detection is enhanced when using this primer

Set for amplification of the gene sequence with PCR; the amplified products are then

detected by using agarose gel electrophoresis Fig 6.1.

Figure 6.1: EZ-PCR detecting Mycoplasma analysed using electrophoresis in 2%
agarose gel.
Lane 1 and 8: 1Kb hyperladder, (lane 2 and 5); positive result moss soil
sample, garden soil sample respectively, (lane 3 and 4); negative
result,(lane 6); negative control, and (lane 7); positive control.

The EZ-PCR-detecting Mycoplasma method detected DNA from both viable and
non-viable Mycoplasmas cells. Marois et al., (2002) developed a reverse
transcription-polymerase chain reaction (RT-PCR) assay, which was used to detect
viable Mycoplasma in various environmental samples. It was basically developed to
extracting and analysing RNA by (RT-PCR). Therefore, because of its short half-life,

the detection finding suggests that the detected cells are either viable or have been

viable very recently. In this study, the use of PCR Mycoplasma experiment has
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enabled the detection of Mycoplasma in the environmental samples used in this

experiment.

6.4. Conclusions

The aim of this work described here was to determine if Mycoplasma species can
be isolated from various desert surface soils and a range of environmental samples.
In this study, environmental samples were tested for the presence of Mycoplasma
using an EZ-PCR Mycoplasma Test Kit (Geneflow Limited, Cat No0.20-700-20).
Mycoplasma sp. were isolated from a soil associated with moss (Polytrichum
commune) and from a local garden soil, but not from any of the desert soils, volcanic
ash, desert varnish, rock samples and agricultural soils.

This study clearly revealed that Mycoplasma was infrequently isolated from the
natural environments. Although two examples of the isolation of environmental
Mycoplasma were found, further research is clearly needed to extend this work in
order to determine the distribution of these organisms in wider environmental
samples, and likewise to determine how these organisms can grow without apparent

hosts, or otherwise locate the hosts in such environmental samples.
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CHAPTER 7

GENERAL DISCUSSION

Soil microorganisms are essential for the cycling of nutrients and for driving
above ground ecosystems. Soil microorganisms also play vital roles in the various
biogeochemical cycles and are responsible for the cycling of organic compounds
(Kirk et al., 2004). The aim of the work described in this Thesis was to study a)
microbial activity of a variety of primitive desert surface soils and in the thin biotic
cover which they maintain and b) compare this microbial activity with results found
for an agricultural loam soil. Bacterial population densities in the desert surface soils
and fertile loam soils were also determined. Bacterial counts were found in the order:
agricultural soil > desert soil with and without lichen cover > volcanic ash with and
without plant cover > desert varnish and control (without varnish layers). These
findings are broadly what would be expected considering the relative organic matter
contents of the three soils, which is expected to be reflected in the same order as the
bacterial counts.

Four microbial processes were selected for study namely: nitrification, urea
hydrolysis, the oxidation of elemental sulphur to sulphate and finally, phosphate
solubilisation. The highest level of microbial activity was, not surprisingly, found in
agricultural soil in relation to all of the microbial processes On the other hand the
lowest microbial activity was found in desert varnish. The results of the present study
show that:

Nitrification: The expected outcome was seen, namely that the agricultural soil
exhibited the highest rates of nitrate production, followed by the desert soil having a

lichen cover, followed by the desert soil without lichen cover; the amount of nitrate
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formed was similar in both volcanic ashes with and without plant cover. Lastly, no
nitrification was observed in the desert varnish.

Urea hydrolysis: the agricultural soil exhibited a higher rate of ammonium
production followed by the desert soil with lichen cover and the desert soil without
lichen cover. The results show that the concentration of ammonium in the
agricultural soils is higher than in the volcanic ash with plant cover, followed by the
volcanic ash without plant cover. The levels of ammonium production found in
agricultural soil are almost 3 times higher than those found in desert surface soil,
whether or not they possess lichen.

Sulphur oxidation: the highest oxidation occurred in agricultural soil, then the
desert soil with lichen cover, followed by the desert soil without lichen cover. The
concentrations of S-oxidation found in agricultural soil are almost 4 times higher
than those found in volcanic ash, whether covered by plants or not. The highest level
of sulphate production was found in agricultural soil, while no oxidation occurred in
the desert varnish or desert soil without varnish layer throughout the 28 day
incubation period.

Phosphate solubilisation: There was a significant difference in the rate of
phosphate solubilisation in agricultural and desert soils, with highest rates being
found in the agricultural soil at week 1. However, no change in phosphate
solubilisation occurred in the desert soils, with and without lichen cover through the
entire incubation period. The levels of phosphate solubilisation found in agricultural
soil are almost 4 times higher than those found in volcanic ash, whether covered or
not, with vegetation. The highest levels of phosphate production was found in the

agricultural soil and no phosphate release occurred in desert soil without varnish
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layer throughout the 28 day incubation period, while there was a slight increase in
desert varnish during 28 days incubation.

The biodiversity and isolation of diverse microorganisms from desert soil and
rocks using conventional isolation techniques presents a real challenge for
researchers (Fendrihan, 2010). The second approach of the study presented focused
on isolating bacteria from the soil samples and applying molecular techniques to
their identification, notably PCR methods and both 16S and 18S rRNA gene
sequencing analysis. The majority of the isolated strains were very closely related to
Bacillus species (e.g. 99% similarities); this was true of desert surface soils, desert
varnish, volcanic rocks, and cave rock samples.

A principal initial aim of this research project was to isolate extremophilic
bacteria, from non-extreme environments. Volcanic ash soil samples were collected
from the French Indian Ocean Island of Reunion (near Mauritius), the volcanoes of
which have not been active since 2007. Three bacteria (Geobacillus
thermoleovorans, Enterobacter mori and Pseudomonas putida were isolated as pure
cultures and identified by 16s rRNA gene sequencing. Standards methods were used
to characterise the isolates, both morphologically and physiologically. A
thermophilic Geobacillus sp was isolated from both geothermal and mesophilic
environments. Rao et al. (2003) reported that G. thermoleovorans was isolated from
a hot water spring which is located in the Waimangu volcanic valley (New Zealand).
In addition, G. thermoleovorans has been isolated from an active volcano of
Santorini at Nea Kameni Island (Greek) and the soil temperature was between 85-
95°C at the location (Meintanis et al., 2006). Another study conducted by Romano et
al. (2005) reported the isolation of G. thermoleovorans from the Pizzo sopra la fossa

site at Stromboli Island (Eolina Island, south of lItaly), the temperature of the
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volcanic ash here being 75°C. The result presented here show that G.
thermoleovorans can be isolated from mesophilic environments and the main
characteristics in this study are as follows: a) G. thermoleovorans was able to grow
on rich LB media and M9 minimal salts media. b) The isolate was grown at 45°C to
70°C with 55°C being optimal in both media. c) G. thermoleovorans is as
thermophile since it requires a temperature of around 55°C for optimum growth and
was unable to grow outside the temperatures range of 45°C-70°C. d) G.
thermoleovorans can grow in media at neutral pH and can tolerate pH values
between 5.5 and 8.0. e) G. thermoleovorans does not require NaCl for growth
however; it was able to grow in a NaCl concentration of 1.0M NaCl. f) the effect of
UV-C significantly reduced C.F.U, while UV-B decreased on C.F.U with increasing
length of exposure. Most of these results agree with findings published by Zarilla and
Perry (1987).

The most important reason for selecting E. mori for further characterisation was its
ability to grow over a range of different pH values. The isolate was grown at pH 4.0
to pH 10.0, with pH 7.0 being optimal in LB, Horikoshi and M9 minimal salts media.
E. mori was first isolated from diseased mulberry roots (China) and reported as a
new species in the genus Enterobacter and nominated as Enterobacter mori (Zhu et
al., 2011b). The result presented here show that E. mori was able to grow on rich
media such as LB and M9 minimal salts media, This strain was grown at 25°C to
55°C, with 37°C being optimal in both media. Enterobacter mori was shown to be
capable of growing and surviving in both alkaline and acidic conditions E. mori does
not require NaCl for growth, but can tolerate salt concentration more than 1.0M
NaCl, and a NaCl concentration at 1.5M in LB medium. E. mori survived when

exposed to UV-C radiation at 5 to 20sec and it cannot survive after 30sec. However,
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E. mori colony forming units decreased with increasing dose of UV-B radiation and
it could not resist a 1 min exposure. Pseudomonas putida was able to grow on rich
media as LB and minimal salts media M9.The strain was grown at 25°C to 45°C,
25°C being optimal in both media. The strain was grown at pH 5.0 to pH 9.0, with
pH 7.0 being optimal in each media. There was no observable growth under alkaline
conditions (pH 10.0 and pH 12.0), or acidic conditions (pH 3.0, pH 4.0) in LB,
Horikoshi and M9 media for 24 hours or 48 hours. It can be concluded therefore that
P. putida can tolerate a salt concentration of 1.0M NaCl. It cannot however, survive
30sec of exposure to UV-C. However, P. putida colony forming units decreased with
an increasing dose of UV-B radiation and were killed after 1 min exposure.

NMR analysis shows that G. thermoleovorans in M9 medium did not accumulate
any osmolyte in its cells, a fact which might be due to presence of intracellular metal
ions at high temperatures and the main compatible solute at 55°C in LB medium was
betaine. E. mori cells accumulated proline as the main compatible solute when it was
grown in M9 minimal salt medium at pH 7.0 and was adapted at different salinities
(0.17, 0.5, 1.0 and 1.5 M NaCl). Betaine was shown to be the main organic solute
present in the LB medium at 1.5 M NaCl and the maximum amount of betaine was
produced by E. mori at 1.5 M NaCl, and was drastically diminished at 2.0M NaCl.
Moreover, betaine was the main compatible solute accumulated at pH 4.0, while,
glutamate was dominant at pH 7.0 in the M9 medium. In LB medium betaine was the
main compatible solute present; which was dominant at pH 10, while it was formed
in lower amounts at lower pH values (e.g. pH4 and pH7). Finally, P. putida in M9
medium, accumulated proline and betaine at high salinity (e.g. 1.0 M), and the
amount of betaine produced increased as salinity increased. The results show that P.

putida accumulated betaine in most abundance at the highest salt concentration (e.g.
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1.5M NaCl). Whereas, at all salinities below 1.5 M NaCl, glutamate and saccharide
were accumulated in varying amounts.

The final study in this Thesis was aimed at determining whether Mycoplasma sp
can be isolated from various desert surface soils, rock samples and other
environmental samples. The results show that Mycoplasma sp was detected in only
two environment samples, one for a Moss soil, collected from the Sheffield district,
and the other for a soil collected from the garden of the Royal Hallamshire Hospital,

(main entrances), Sheffield.

1.7. Suggestions for future work

So far the microbial diversity studies on the cave environments in the Middle
Eastern regions have not received an adequate attention and hence, very little is
known about the interaction between the microbes and the cave environments, which
ultimately results in little literature being available on this subject; the findings of
this Thesis shows the need for further research work on these unique cave
environments, as well as the microbiology of caves in general. The following areas
of future work of particular importance arise from the work presented here namely

to:

1. Cave environments have been considered extreme environments and as
result, microbes from this environment are difficult to cultivate in the
laboratory. Therefore, further work using culture-independent techniques,
such as the use of denaturing gradient gel electrophoresis (DGGE) to identify
novel species present in these caves is highly desirable.

2. It would be of interest to determine whether cave dwelling microbes are
adapted to growth in the cave environment or are they just survive in such
extreme environments.
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3. Since microorganisms play a significant role in nutrient cycles, it would be
interesting to study these cycles (e.g. nitrogen, sulphur, carbon, iron and
phosphorus) in cave environments.

4. It is also recommended that further studies should employ scanning electron
microscopy (SEM) and transmission electron microscopy (TEM), in order to
determine further the morphological and physiological features of

microorganisms isolated from cave environments.
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APPENDIX
Appendix A

Preparation of standard curves:

(1) Standard curve for nitrate

To produce a calibration curve for nitrate, 1.37 g of sodium nitrate (NaNO3) was
dissolved in 1 L dH,O to obtain 1000ug NOz-N mlI™. Then diluted the solution 10
times (10 ml sodium nitrate solution with 90 ml of dH,0O) equivalent 100 g / NO3'-
N ml™ This solution was diluted with dH,O to produce solution 0,10,25,50,75, and
100 pg NO3-Nml™. All solution were analysed to determine the nitrate ions by using

chromotropic acid method (Sims and Grant, 1971).

y = 0.01x + 0.0626
R2 =0.9997
12 -
)
0
<
O T T T T T T 1
0 20 40 60 80 100 120
NO, Concentration pg/mi-*
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(2) Standard curve for ammonium

To produce a calibration curve for ammonium ions, 3.66 g of (NH4),SO,
ammonium sulphate was dissolved in 1 L dH,O to obtain 1000pug NH,"-Nml™. Then
diluted the solution 10 times (10 ml ammonium sulphate solution with 90 ml of
dH,0) equivalent 100 g / NH4*-Nml™ This solution was diluted with dH,O to
produce solution 0,10,25,and 50 pg NH4*-Nml™. All solutions were analysed to

determine the ammonium ions by using indophenol blue method (Wainwright and

Pugh, 1973).
y = 0.0105x + 0.0236
0.6 - R?=0.9991
(9]
s}
<
O 1 T T T T T
0 10 20 30 40 50 60
NH,* Concentration pg/ml-!
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(3) Standard curve for sulphate-S

To produce a calibration curve for sulphate —S, 1.47 g of sodium sulphate (NaSQ,)
was dissolved in 1 L dH,O to obtain 1000ug SO,*-Sml™. Then the solution diluted
10 times (10 ml of sodium sulphate solution with 90 ml of dH,0) equivalent 100 g /
SO42-S mI™. This solution was diluted with dH,O to produce 0,5,10,25,50,75 and
100 pg SO4Z-Sml™. All solutions were analysed to determine the sulphate-S ions by

using turbidimetric analysis of sulphate-S (Hesse, 1971).

y =0.0016x - 0.0045

R2=0.9919
0.18 -
0.16 -
0.14 -
0.12 - .

0.1 -

ABS

0.08 -

0.06 -

0.04 +

0.02 -

O T T T T T 1
K 20 40 60 80 100 120
-0.02

SO, Concentration pg/mi-t
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(4) Standard curve for Phosphate

To produce a calibration curve for phosphate —P, 1.48 g of sodium hydrogen
phosphate (Na;HPO,) was dissolved in 1 L dH,O to obtain 1000pg PO4-Pml™. Then
the solution diluted 10 times (10 ml of sodium hydrogen phosphate solution with 90
ml of dH,0) equivalent 100p g / PO4-P mlI™. This solution was diluted with dH,O to
produce 0,5,10,25,50,75 and 100 pg PO4-Pml™. All solutions were analysed to
determine the phosphate-P ions by using turbid-metric analysis of phosphate -P

(Ajaj, 2005).

y =0.0074x - 0.0155
R2?=0.9926

0.8 ~

0.7 A L 4

0.5 1

ABS

0.4 -

0.2 ~

0.1 ~

O T T T T T 1
0 20 40 60 80 100 120

PO, concentration pg/ml-!
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Appendix B

The phylogenetic analysis of desert surface soil, desert varnish, volcanic soil,
rock samples and cave rock samples.

= 753 bits (834), Expect =

Length=1445
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Identcitcies

= 421/422 (99%), Gaps

5.,-";}22 (0%)

Strand=Plus/Minus
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ATAARGGGGCATGR TTGACGTCATCCCCRCCTTCC TGTCACCGGCRAGTCR

GLGTGCCCARCTGRAATGCTGGCARCTAAGATCRAAGEGETTGCGCTCGTTGOGEEAC

TAGL
Frrrrrnrerrerrerrrrerrern e rrrerernrrrrrrrnrrrrrnnl
AGAGTGCCC AL C TR A TCCT GG AL CTALGRATCRALGEGETTGCGCTCGTTGCGEEAT

CCT
111

TTRALCCCRARLCATCTCACGRCACGRAGCTGACGACARCCATGCACCACCTGTCATCCTETCC

I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
TTALCCCRARLCRATCTCACGRCACGAGCTGRACGRACARCCATEGCACCACCTETCATCCTET

cC 421

cC 1001

firmicutes | Z leaves

20 Bawillus infantis strein A L100165 ibosomal RHA 9ene, partial sequence
] firmicutes | 3 leaves
@unculfured Bacillus sp. clone LT- 10 165 ribosomal Rha gene, partial sequence
@ Barillus sp. EL12 165 ribosomal RhA gene, partial sequence

I 029_kh_3_165-F_EDIT 4

<3 Bacillus sp. G20OK 61 165 Hbosomal RMA gene, partial sequence
4 firmicutes | 3 leaves
& Bavillus sp. SA014_1 165 Hbosomal RMA gene, partial sequence

J Bavillus sp. SA014_2 165 Hbosomal RiA gene, parial sequence

@ Bacillus sp. SA014_3 165 ribosamal RMA gene, parial sequence

@ Bacillus sp. entichment culture clone 05 165 Abosomal Fa gene, partial sequence
i3 Barillus sp. HLSE 174 165 ribosomal RMA gene, parial sequence

@ Bacillus 5p. J 55 16 5 ribosomal RMA gene, parfisl sequence

2 Barillus 5p. J5 15 165 ibosomal R4 9ene, partial sequence

i Bacillus sp. D02.202 165 ribosomal RMA gene, partial sequence

& Barillus 5p. FS502 165 tibosomal RMA gene, partial sequence

2 Barillus sp. SP2E01 165 ribosomal RbA gene, parfial sequence

i Barillus firmus sfein RES161- 165 tibosomal Ria (hTE) qene, parfial sequence
& Barillus 5p. 64 165 ribosomal RMA gene, partial sequence

% Barillus 5p. A5K15 165 ribosomal RhA qene, parfial sequence

i Barillus 5p. TR WF 165 tibosomal RMA gene, partial sequence

@ Barillus sp. JM02010) 165 fibosomal Rida gene, partial sequence

& Barillus 5p. |6 P- UN2 165 tibosomal RMA gene, parfial sequence

i Barillus sp. M7 1_ 55334 parfial 165 rRMA gene, isolade M7 15330

@ Bacillus sp. ABRS 165 fbosomal RMA gene, parfial sequence

@

firmicutes | 17 leaes

i Bacillus firmus shain 1AM 12454 165 dbosomal RM...
9 Bacillus firmus clone 6563 165 ribosomal RNA 9en...

Bacillus sp. &ABRE 165 ribosomal RHA gene, partial seguence

1363

120

1303

179

1063

1003

& Bacillus firmus 165 FRMA gene, isolate CUo3a
i Bacillus firmus 165 FRMA gene, isolate CUA3hH

@ Bacillus sp. ATCIOZ 4 16 5 ribosomal RMA gene, par.
@ Bacillus sp. BCWOS4 165 ribosomal RMA 9ene, parti,
i Bacillus firmus strain 526 2 165 ribosomal RhA gen,
& Bacillus sp. CU14 165 tibosomal RiA gene, partial ..
@ Bacillus firmus gene for 185 rRi A, parfial sequence

i Bacillus sp. BSi20511 165 ribosomal RRA gene, par
@ Bacillus sp. G20 32 165 Hbosomal Rba 3ene, par.
@ Bacillus sp. B 14(B1Yd2 dh 165 bosomal RMA ..
12 Barillus fitmus sfrain C W21 165 ihosomal RMA gen.
@ stenofrophomonas maltophilia strain ZFe-4 165 ..
& Barillus fitmus sfrain 2 B4 165 fhosomal RMA gene,.
i stenotrophomonas maltophilia sfrein EQaPs-03d 1.
@ Bacillus sp. W SL-2 16 5 ibosomal RMA 9eng, parti...
@ Barillus firmus strain 26- 15 165 rbosomal RMA gen.
i Bacillus sp. 35 165 ribosomal RA gene, partial seq..
@ Bacillus sp. T5 1% 24 165 ribosomel RMA gene, parfi,
@ Baillus firmus strain UST931104-006 165 ribosoms
1 Bacillus sp. BRO29 165 ribosomal RRA 9eng, parfial,
@ Bacillus sp. BRO24 165 ribosomal RRA 2ene, parfial.
@ Bacillus sp. BRO21 165 ribosomal RRA 9eng, parfial,
i Bacillus sp. 210_13 165 tibosomal RRA gene, parti..
i Bacillus sp. 210_59 165 ibosomal RMA gene, parti..
@ Bacillus sp. HU29 165 fibosomal RMA (MM E) Gene, ..
o Bacillus $p. G3(2009) 165 fbosomal RMA Gene, par.
@ Uncultured bacterium clone FPURT2- B9 165 fibos..
@ Bacillus sp. 21F0™ ME2- 1 165 ribosomal RNA Qen...
@ Barillus firmus strain HSG 514 165 Hbosomal RMA ..
@ Bacillus firmus strain PARZ10 165 ribosomal RMA ...
& Bacillus firmus strain PARZ12 165 ribosomal RMA ..
@ Bacillus firmus strain KUS 165 Abosomal Ria, gene,
i Bacillus sp. O- 1 165 ribosomal RiA gene, parfial se..
@ Bacillus firmus strain YD19 165 ribosomal RWA en..

@ Bacillus firmus 185 rRMA gene, isolate AP15

W Unculured soil bacterium clone DL RCADEC 104Y..
2 Unculfured soil bactedum clone DLQ RCACBC 343,

firmicutes | 14 leaves



AEﬂreflﬂR 044872.1| Dermacoccus nishinomivaensis 165 ribosomal ENA, partial sequence

emb | X87757.1] M.nishinomyaensis 165 rRNA gene
Length=1484

Score

Query
Skjet
Query
Sbjet
Query
Sbjct
Query
Skjet
Query
Sbict
Query
Sbjet
Query
Sbjet
Query
Skjet
Query

Shict

= 011 bits (1010), Expect = 0.0
Tdentities = 509/513 (99%), Gaps = 0/513 (0%)
Strand=Plus/Minus

1

1390

1330

121

1270

181

1210

241

1150

301

1080

381

1030

421

870

481

810

TAGGCCACCGECTTCGEGT T TACCAACTTTCGTGACTTGACGEECEET T GTACAAGRE

LECDUERLCREEEET R e e e ee e e e e e e ee e ee e e e ey e
TAGGCCACCGECTTCGEGT T TACCAACTTTCGTGACTTGACGEECEET T GTACAAGRE

CCGGERACGTATTCACCRCARCETIGCTGATCTGLGATTACTAGCGACTCCGACTTICATR

LECDLERPCEEEEEE R e e e ee e e e ee e e e e ey
CCGGERACGTATTCACCRCARCETIGCTGATCTGLGATTACTAGCGACTCCGACTTICATR

GEGETCGAGTTGCAGRCCCCAAT COGAACT GAGRCCERTTTTITTGEEAT TAGCTCCACCTC

LLCDUERECEEEEEE R e ee e ee e e ee e e e e e e
GEGETCGAGTTGCAGRCCCCAAT COGAACT GAGRACCELTTTITTGEGAT TAGCTCCACCTC

ACGETTTCGCAACCCTCTGTACCEECCAT TGTAGCATGCET GARGCCCARGACATAAGEE

LECRUEELCEEEEEE LR e e e e e e e ee e e e e e ey rerrrr
ACGETTTC AR CCCTCTGTACCEECCAT TCTAGCATGCET GARGCCCARGACATAAGEE

GCATGATGATTTGACGT CATCCCCACCTTCCTCCRAGTTGACCCCRGCAGTCTCCCATGA

LLLCETLERREEER R EEE R R TR
GCATGATGATTTGACGTCATCCCCACCTTCCTCCEAGTTGACCCCGGCAGTCTCCCAT R

GTCCCCACCCGRAGT GCTGECANCAT GEALCCAGEET TGCGCTCENT GCGGGACTTARCE

LLCCCEEEEREEEELEE TP L EEEETETE L LTI
GTCCCCACCCGARGTGCTGECARCATGGARCGAGEETTGCGCTCETTGCGGEACTTAACT

CARCATCTCACGACRCGAGCT CACCACRACCATGCACCANCT GTACACCAGTCCGRAGAD

LLEELERTEREEEEE R e e e ey Ee e e ey
CARCATCTCACGACRCGAGCT GACGACRACCATGCACCACCTGTACACCAGTCCGRAGAD

GCACACATCTCTGCAT GATTCCGRIGTATGT CAAGCCTTGETARGETTCTHCGCETTGA

LEEEPERLEEEEEET R e ee e e ee e e e e ee e e e Feeern |
GCACACATCTCTGCAT GATTCCGRIGTATGT CAAGCCTTGETARGETTCTICGCETTGCA

TCGAATTAATCCGCATGCTCCGCCELTIGIGCG 513

LEPEEREETERTEREET e e reerrry
TCGAATTAATCCGCATGCTCCGCCGLTIGIGCE 878

235

&0

1331

120

1271

180

1211

240

1151

300

1081

380

1031

420

871

480

911



Fimeosphista imosa.gene for 165 rRNA, parfi sequence, strin: MERC 100340
3 Bacetium WMOEL BIF 163 tibasomal RA qene, parfial sequence
Tertacoccys ks stain D3H +4267 165 fbosomal Rbie, partial sequence
Uncuthuted bac berium clone HelTves 1- 167 165 bosomal R, aene, parfal sequence
Tetabarter sp. 54141 18 165 bosomal Rh gene, parfial sequence
high GC Gram+| 14 eaves

14 Detmacaccus nishinamivensis 165 ribosomal RN, pari sequence
¢ Detmacoccls 5p. 22 165 rbosomal RiA gene, parfial sequence
¥ Dermacoccls 5p. ENnt8 5 165 Abosomal RS gene, parfil sequence
,} lczagas 4

DIekMicoccls 5p. BOESS gene for 165 ibosomal R, parfal sequence
high G Gram+| 6 leabes
high G Gram+ | 11 leawes
1§ Temacoccus . WPCE1GE 185 bosomel RNA g, prfel sequence
B berfum 20 16 geme for 165 tRMA, parfial sequence
Infrasparangium 5p. VK 49065 163 rbosomal R4 gene, pirfil sequence
'l Lnculfured Infrasporaniacens bac terium clane De 160 1...
¥ Infrasparangium calvum gene for 165 ibosomal A&, parfal sequ..
& Intrasporznaium calvum D3 43043, complete genome
I Uncuftured Infrasporangiaceas bacterum dlon HT0 Ba2+ smal subunit rbos
L # uncothed bcterium clone AKAUHE 165 bosomal FNA gene, parfl se.
Infrasparengium calvum DGH 43043 shain: DSH 43043 165 fhosamal RN,
4 Terabicher sp. 20 YOE520 165 fbosomal FA ene, parial sequence
high GC Gram+| § leaies
i { hefinomyeeales bacteiim SSCTSS qene f 165 YR, partal sequence, shain: 550755
SUnidenified bacterium parfial 165 rRNA gene isclate R 23036
Sanguibacter inulinus stain 2P04 M 165 ibosomal RhA gene, partial seque.
9 Sanguibiacter soli strain DCY22 165 rbosomal R, parfial sequence
] Sanguibacter sp. P4 165 bosomal RNA gene, par
i 9 O sanguibicter suarezii strain ST26 165 rbosomal R4, parfial sequence
o Sanguibiacher inulins trin 5750 165 rbosomal R, parfil sequence

L

9 9 Unculfured bactetiom clane MONE_ SW0905_+4 165 ibasomal RNA géne, p.
& Sanguibiacher sp. 741- 130 parfial 165 PR ene, stain 741 180
4 & Unculfured bacteriom clane p- 5370 2362 185 ribosomal Bidd gene, parfil sa.
9 Sanguibiactir sp. Enf10 163 ibosomal RMA gene, pirfil sequence
o sanguibacter suarezii 5750165 D4
% sanguibacterinuinus ST26 165 1ONA
b+ Uncuthubed bacterium clone GL_BRS2 165 fbosomal RN, gene, part
’ Sanguibiacer sp. Evateskaws 55 163 ribosomal RA gne, prtil .
high GC Gram+| 2 leaies
iiah GC Gran+ | § leawes
) Biachiria | 2 leaas
\ igh GG Gran+] 2 leawes
3 high GC Gram+| § leaies
Uncuthured actinobacferum cone F-2F_CO1 165 gene, parfil sequence
& ] Tittabracher sp. 522245 ene for 165 Abosomal RhA, partil sequence

& DUncutfured bactium gens for 163 rRMA, Darfial saquence, clone: G5 &1
Uncuttured biacterium gene far 16 5 kR, partial sequence, clone: B5148
4 ¥ Tettabiacter ginsencsidimutans strin Gsoil 3052 165 ribosomal RMNA gene, parfial sequence
Tertabarter sp. Elin102 165 ibosomal RNA gene, parti sequence
Uincuthured bacterim clone 5790 185 rbosomal R4 gene, parfal sequence
B Uncalhred bacherum clone 5134 165 Hbosamal Bba gerie, patfial sequence
Junculhmzd bracterium clome & KaUI3644 165 Hbosomal RNA gene, parfal sequence
Tertabarter aerolihus stin SE6F 38 185 bosomal R4, pirfal sequence
Tetabarter sp. P¥2 165 ribosomal R4 gene, partial sequence
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>“_ ab|GU220477.1] Streptomyces sp.

Length=1445

Score = 230 bits (124), Expect = 2e-57

Identities = 136/141 (96%), Gaps

47141 (3%)

Strand=Plus/Plus

Query 1 AACCACTTCGGT-GGGA-TAGTGGCGAACGTGTGAGTARCACGTGGGCAATCTGCCCTTC

Sbjct 65 ALRCCACTTCGGTGGGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTTC

Query
Sbijct
Query

Sbjct

. |

59  ACTCTGGGACAAGCCCTGGAAACGGGG-CTAATACCGGATAACACCTTCTCTCTCCTGAG
CECEEEEEEEEErreee e et eeet e e e e e e e e e e e e

125 ACTCTGGGACAAGCCCTGGARACGGGGTCTAATACCGGATAACACCTTCTCTCTCCTGAG
118 GGAAG-TTARAAGCTCCGGCG 137

FECEE TEEEEETTEEETEr
185 GGAAGGTTAAAAGCTCCGGCG 205

high O Gram+| 2 leaves

@ 034_khalid_RUN_183F_copyedit 4

<3 Sfeptomikes sp. HAIC 5 165 ribosomal RbdA gene, parfisl sequence

& Strepfomices 5p. Yitd 45529 165 ibosomal R4 gene, parfial sequence

7 Sfreptomces sp.5-43 1 165 fibosomal R4 qens, parfiel sequence

i < high G Gram+| 3 leaves

9 1l high GC Gram+| 2 lawes

HMC5 16S ribosomal RNA gene, partial

sequence

58
124
117

184

9 sAreplomyces sp. Chisk 10 165 Hbasomal RMA gen.

W struptomuces sp. 1084-D0406 165 Hbosomal RNA..

@

&

7 Streptomices sp. 1054 00427 165 ribosomal RMA .

s Streptomies sp. 0G4 00440 165 Hbazamal RHA .

@

SUncultured bacteriom clone JH 531 165 ibosomal R

237



:rl Iq]:hlE'.]'"f-E- 1] Ftaphylococcus lewtns =train 11-1 16% ribo=omal BPHAR gene, partial

Lﬂ:rg'l:-h—“l:'g

Zcore = 1200 bit= {(1330), Expect = 0.0
Identities = E76/6B3 (B0%1)], Bap= = 1/6BF {(D%]
Strand=FPlu=/Flu=

Query L1 e AT A EAR AR AT R AR R BT I TITI T TEATET TAEDEEDEEATEEETEA &
L N Ny
et 16 Te AT - A EAn AR AT R AR R BT I TITICTEATET TAEDEEDEEATEEETEA T4

Query &L ErarC A CETEEET AR TACCTATARGACTEEEAT AACTODEEEAAATDEEEECTARTAC 120
Perreeerr e e e e e e il
Fbijct T A AT T AR CTACCTATARGACTEEEAT AR IO EEEAAATDEEEETTARATAT 134

Query 121 COEEATAATATATIGAADCE ATEETICAATETICARMEADEETTIOEECIETCACTTATA 1ED
PEErreer et e b e e e e e il
et 135 COEEATARTATATTGAMDCECATEETICAATETTEAAAMGATEETITTOEECTETCACTTATA 184

Query 1Bl GATGEACCCEDECCETATTAGCTAGTIGETAMGETARDEECTTACCARBECAADEATADE 240
PErreeer et e e e e e il
et 1BS GATEEACDCECECCETATTAG TASTIGETARGETARCEECTTADCAREECAADEATADE 2549

Query 241 TARDDEACCTEAGREEETEATCEEOCACACTEEAATTEAGACRDEETCCAGACTOCTADE 200
trrerreeerreerreerreerrrerrererrerrrrvrreeerrrerrrerrerernnl
et 255 TAERDDEACCTEAGAGEETEAT B ACACTEEARTTEAGATADEETOCAGATTOCTADE 214

Query 301 GEEAGECAGCARETAGEEAATCTIODECAATEEECEARMEICTERADEEAETAACEBDDEDETE 360D
N Y
et 215 EEREECAECACTAGEEAATCTI IO AATEEECEAAAGOCTEACEEABCARDEIDEDETE 274

Guery 268l AFTEATEARGEICIIAGEATCETARRRCTCIET I ACECARGAACARATTIEITAETE 220
PErrereererer et e e e e il
TkHct: 375 AETEATEARGETCITAGEATCETAARACTCTETIETTAGECAREAACAAATTIGT TASTA 434

Query 421 ACTEAAMCAAETCTTEACEETACCTAAMDCAGAR RO ACEECTAACTACETEOCAGCAGDE  4BD
PEEreeer et e e e e il
et 435 ACTEAAMCARETCTTEACEETACCTARCCAGARARTCACEETAAMCTADETEOCAECAEDT 4584

Query 4Bl GEOEETAATADETAGETEE AAGDETTATDEGAATTATIGEEDETAAABDEIEDETAGE. 540
treeereeerrerereerreerrrerreeeererrrrerrererrrrrreerreeernenl
Sbct 4B5 BOEETARTADETAGETEE AAGDETTATCOEEAATTATIGEEOETARMEDEOEDETAGE. S5d

Query 541 GEETTICTTARGETCIGATETEAAREODCACEECTTHADCETEHAGEETCATIEEARMITEE 00
trrerreeerreerreerreeerrerreeerrer reeerr rererrrrerreeernnl
et S35 ST T TARGTCTEATETeARMEDDCACEECTC A CETEEAGEETCATIEEARATTEE £14

Query G0 GEEARCTIGAETECAGAAAMEEANMETEEAATTCCCTETETAGDEETEARATEOE RAREA GED
teeeeeeererererrr v rerrrerrrrr rerrrrrrrrrrrrrerrner vl
Sbjct G153 GERRCTIGAETE AGAMEACEREASTEERATICCATEICTACRDEETEAARTEOECAGAGR 74

Guery G5l TATEEABEAACADCAETEEROEAR GEZ

PEEEEEEE e errrrrrntd
Zbijct 673 TATEEAGERACACCAETEEOGAE &DT
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Uncultured biacterium clons aeas 1802 165 Hbosomal RMA 9ene, partial sequence

uncutured bacterium clone ased 304 165 dbosomal Ria gene, parial sequance
Uncultured bacterium clone nbH 5di4 165 bosomal RHA gene, parfial sequence

@ Uncultured bacteriom clone nbt 5902 185 ibosomal RHA gene, partial sequence

3 Staphplococcus lentus strain 111 165 bosomal RNA gene, partial sequence

@ staphplacoccus lentus shain 10- 3 165 Hbosomal RMA 9ens, partial sequence

@ Staphylococcus lentus strain 10-1 165 ribosomal RMA gene, partial sequence

@ staphococons lentus strain 7-5 16 5 ibosomal RMA gene, parfial sequence

i Staphplococcus lentus strain - 5 165 ibosomal FA gene, partial sequence

& Staphplococcus lentus strain -4 165 ibosomal Fa gene, partial sequence

1 Staphylococcus lentus strain -1 165 fbosomal Fa gene, partial sequence

@ Staphplococces lentus strain 31 165 ibosomal Fa gene, partial sequence

@ staphpococons lentus strain 22 16 5 fbosomal RMA gene, parfial sequence

@ Staphplococcus lentus strain 21 165 ibosomal Fa gene, partial sequence

@ staphpococcus lentus strain 1-1 165 dbosomal Fa gene, partial sequence

BUnculfured bacteriom clone 1005 165 dbosomal Fa gene, parial sequence

@ Unculfured bacteriom clone 102 165 ribosomal RMA gene, parfial sequence

@ Unculfured bacteriom clone 0191 165 fbosomal Fa gene, parial sequence

@ uncultured bacterium partial 165 rRbA gene, clone PIST-ADA 11

@ staphylococces lentus strain CICGHL) Q29 165 ribosomal RMA gene, partial sequence

@ Unculfured bacteriom clone aeb23h04 165 ribosomal RRA gene, parfial sequence
@Unculfured bacteriom clone aeb23h0 3 165 ribosomal RRA gene, parfial sequence
unculfured bacterium clone aab23911 165 ribosomal RMA gene, parfial sequence
@ Uncultured bacterium clone aab23904 165 ribosomal RrA gene, parfial sequence
W Unculfured bacteriom clone aeb2390 3 165 ribosomal RRA gene, parfial sequence
@ Uncultured bacteriom clone aah2&f05 165 ibosomal R4 gene, parfial sequence
@ Unculured bacterum clone aab2&f05 165 bosomal RiA gene, parfial sequence
@ uUncultured bacterium clons aab2Ef2 165 bosomal RA gens, parfial sequence
@ Unculfured bacteriom clone aab23e12 165 fibosomal RWA gene, parial sequence
@ Uncultured bacteriom clone aah2&d12 165 ibosomal RNA gene, partial sequence
@ Uncultured bacterium clons aeb2ed11 165 ibosomal RMA 9ene, partial sequence
@ uUncultured bacterium clons aeb2ed10 165 ibosomal RMA 9ene, partial sequence
@ Uncultured bactetium clons aah26d07 165 ibosomal RMA 9ene, partial sequence
G Uncultured bacteriom clone aah2&c07 165 ibosomal RMA gene, parfial sequence
Sunculfured bacteium clons aab2Ec06 165 Hbosomal RMA gene, parfial sequence
@ Unculfured bacteium clons aab2Ec0 5 165 Hbosomal RMA gens, parfial sequence
@ uUncultured bacterium clons aab2ebl 2 165 ibosomal RMA 9ene, partial sequence
@ Unculfured bacterium clone aab23b0 5 165 ibosomal RMA 9ene, parfial sequence
WUncultured bacterium clons aah2abi1 165 ibosomal RMA 9ene, partial sequence
Sunculfured bacteium clons aab28a02 165 bosomal RMA gens, parfial sequence
@uUnculfured bacterium clone aab27912 165 ribosomal RrA gene, parfial sequence
@ Uncultured bacterium clons aab27911 165 ibosomal RRA 9ene, partial sequence
G uncultured bacterium clone aab2 7903 165 ribosomal RrA gene, parfial sequence
Wunculfured bacterium clone aab27904 165 ribosomal RMA gene, parfial sequence
aunculfured bacterium clons aab2 702 165 bosomal R4 gene, parfial sequence
unculfured bactetum clone aab27d12 165 ibosomal RMA 9ene, parfial sequence
@ Unculfured bacteriom clone aeb27d08 165 ribosomal RHA gene, partial sequence
G unculfured bacteium clons aab27012 165 bosomal RMA gens, parfial sequence
S uncultured bacterium clons aeb2vbi0 165 ibosomal RMA gene, partial sequence

uncultured bacterium clone aab27h03 165 ibosomal RMA gane, parfial sequence
S Unculfured bacteriom clone aeb26h0 5 165 rbosomal RRA gene, parfial sequence
@ Unculfured bacteriom clone aab26h01 165 ribosomal RRA gene, partial sequence
Wuncultured bacterium clone aab26910 165 ribosomal RMA gene, parfial sequence
Suncultured bacterium clons aah26905 165 ibosomal RMA 9ene, parfial sequence
@ Uncultured bacterium clone asb26£11 165 ibosomal Rida, gene, parial sequence
@ Unculfured bacteriom clone aeb26f10 165 ribosomal RkA gene, parfial sequence
@ Unculfured bacteriom clone aeb2605 165 ribosomal RkA gene, parfial sequence
unculfured bactetium clone aab26f01 165 ibosomal RMA gene, partial sequence
@ Unculfured bacteriom clone aab26e09 165 fibosomal RWA gene, parial sequence
@ Unculfured bacteriom clone aab26e01 165 fibosomal RWA gene, parial sequence
@ Unculfured bacteriom clone aeb26d0& 165 ribosomal RRA gene, partial sequence
Gunculfured bactetium clone aab26d0 5 165 ibosomal RMA gene, parfial sequence
@ Unculfured bacteriom clone aeb26d01 165 ribosomal RRA gene, parfial sequence
@ Unculfured bacteriom clone aab26c09 165 fibosomal RWA gene, parial sequence
@ Unculfured bacteriom clone aeb26b11 165 ribosomal RRA gene, partial sequence
@ Unculfured bacteriom clone aeb26b07 165 ribosomal RRA gene, parfial sequence
W Unculfured bacteriom clone aeb26b08 165 ribosomal RRA gene, parfial sequence
@ Unculfured bacteriom clone aab26a0& 165 fibosomal RWA gene, parfial sequence
@ Uncultured bacterium clone asb26a0 5 165 ribosomal RMA gene, parial sequence
@ Uncultured bacteriom clone aah26a01 165 tibosomal RMA gene, parfial sequence
i Unculfured bacterium clons aab2 5h12 165 ibosomal RRA 9ene, partial sequence
S Unculfured bacteriom clone aeb2 5911 165 ribosomal RRA gene, parfial sequence
@ Unculfured bacteriom clone aeb2 5908 165 ribosomal RRA gene, parfial sequence
@ Uncultured bacteriom clone aah2 5707 165 ibosomal RiA gene, parfial sequence
@ uUncultured bacterium clons aah2 5706 165 Hbosomal R4 9ens, parfial sequence
S Unculfured bacteriom clone aeb2 5d10 165 ribosomal RRA gene, parfial sequence
@ Unculfured bacteriom clone aab2 509 165 fibosomal RWA gene, parial sequence
@ Uncultured bacteriom clone aah2 5cid 165 ribosomal RMA gene, parfial sequence
uUnculfured bacteium clons aab2 5007 165 Hbosomal RMA gens, parfial sequence
@ Unculfured bacterium clons aab2 Sho4 165 ibosomal RRA 9ene, partial sequence
W Unculfured bacteriom clone aab2 507 165 fibosomal RWA gene, parial sequence
@ Uncultured bacteriom clone aah? Sa0 3 165 ibosomal RMA gene, parfial sequence
@ Uncutured bacterum clone aab40b11 165 Hbosomal RMA 9ene, parfial sequence
unculfured bacterium clone aab40902 165 ribosomal RrA gene, parfial sequence
i Unculfured bacterium clons aab40dog 165 ibosomal RRA 9ene, partial sequence
S Uncultured bacteriom clone aab40a0 5 165 bosomal RMA gene, parfial sequence
Sunculfured bacteium clons aab40a0 3 165 Hbosomal RMA gene, parfial sequence
@ Unculured bacterum clone aab 39104 165 dbosomal RiA gene, parfial sequence
@uUncultured bacterium clons aab 39102 165 ibosomal R4 9ens, parfial sequence
@ Uncultured bacteriom clone aah3ab12 185 rbosomal RNA gene, partial sequence
G Unculfured bacteium clons aab 3901 165 bosomal RMA gens, parfial sequence
@uncultured bacterium clons asb3shos 165 ibosomal RRA 9ene, partial sequence
Juncultured bacterium clone asb35c02 165 fibosomal RMA gens, parfial sequence
S uncultured bactetium clone aab 38805 165 ribosomal Ra ene, parfial sequence

¥ stephylococcus lentus shain ATCD 20070 (= MAFF 911335 165 Hbosamel RMA, perfiel sequenice

uncutured bacterium clone nbtz2a02 165 dbosomal Ria gene, parial sequance

Funcultured bacterium clone nbws 5520201 165 fibosomal RkA gene, parfial sequence

@ Unculfured bactetiom clone nbysa0e04c1 165 bosomal RMA gene, parfial sequence

8Unculfured bacterium clone nbyz97h0 301 165 ibosomal RMA gene, partial sequence
Stphulococcus sp, CSATI2011) 165 fibosomal R4 gene, parfial sequence
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J2ATE47.1| Barillus amgloligquefariens strain 376-3 16% ribpsomal BHA gene,
partial =equence
Lengtk=1500

Zoore = 1040 bit= {1152), Euxpect
Identitie= = STE/5TE (100%), Gap=
Strand=Flus/Minus=

0.0
0/57E (DY)

fJuery 1 oA T OEE o ECTEE T TAR RAEET TROCTCACDEACTTOBEETETTACARACTE D
PEEEETETErr e e e e e e e e e e e e e e e e e e eerrrnnl
Jbjet 1476 COCRCCTTOEECEECTEECTCCTARAMGETTACCTCRCCEACTTOGEETETTACAARITE 1417

fuery 6L TOETEETETeACEEECEETEIE T ACRAREOCCEEEAACETATTCACDEDEEIATECTEAT 120
PEEEETETTrre e e e e e e e e e e e e e e e e e e e eerrnnnl
Skjct 1416 TOETEETETERCEEECEETETETACAMGEOCCEEEANDETATTCROOGOEECRATECTEAT 1357

guery 121 COBCEATTACTAGRCEATTCCAGCTT ACECAETCEAETTECABACTEOEATOCEARCTEE 1BD
PEEEETETTrre e e e e e e e e e e e e e e e e e e e e eerrnnnl
Skjct 1356 CORDRATTACTARDEATTCCRAECTTCRCECRETOEAETTECARACTEOEATODEAATTEE 1207

guery 181  GARCREATTTETEEEATTEECTTAMCCTCGOEETTICECTECCCTTTETICTETOCATTE 240
PEEEEETTErre e e e e e e e e e e e e e e e e e e eerrrnn
Sbjct 1286 GRRCREATTTETEEEATTEECTTAROCTOEOEETTTCECTEOOCTTTETICTETOATTE 1237

Guery 241 TRECROETETETABCCCAGETCRTAAGEEECATEATEATTTEROFTCATDOOOCACCTTOE 200
PEEETTETErre e e e e e e e e e e e e e e e e e e e eeeerrrnnl
Jbjet 1236 TABCACETETEIAGCCCAGETCATAMEEEECATEATEATTTEADETCATODOCACCTTCE 1177

fuery 2301 TODBETTTETCACDEECAETCACCTTAGRETEODCANCTEAATE TEECARCTAREAT R 36D
PEEEETETTrrr e e e e e e e e e e e e e e e e e e el
ket 1176 TOCGETTTETCACCEECAETCACCTTAGRETEOCCAMCTEAATETEECARCTARGATCE 1117

fuery 261 ABEETTECECTCEITECEEGACTTAACCCARCATCTCACEACRORAGCTEADGACRADCE 420
FEEEETETTrre e e e e e e e e e e e e e e e e e reeerrnnnl
ket 1116 AGEETTECECTCETTECEEGACTTARCOCARCRTCTCACGRACROEAGCTEAORACAROCE 1057

guery 421  TECRCCACCTETCACTCTECCCCCEAMGEEEACETCCTATCTCTAGEATIETCAGAGEAT  4ED
PEEEETTTErre e e e e e e e e e e e e e e e e e e e e e e eer el
Sbjct 1056 TECACCAROCTETCACTCTECCOoDEANGEEEACETOCTAT T TAGEATIETCRGAGERAT  BET

Guery 481 ETCRAGACCTEETARGETTCTTCOEOETTECTICERAATTARRDCACATECTOCRODECTTE 540
CECEEEREETT e e e e e e e e e e e e e e ey
Jbjct SBE ETCRAAGACCTEETAMGETTCTICEDETTECTICGAATTAARDCACATECTOCAODECTTE 23T

Guery 541  TEDEEEDOCOCDETCRATTOCTITEAGTTICASTCTIT 576

PEETRTRETE e e e e e et
Sbject 236 TEOEREGODCCOETCAATTOCTTIGAGTTICASTCIT SOL
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firmicutes | 2 leawes
puncultured prokarvote clone ME?-77 165 ibosomal A4 9ene, parfial sequence
5 Bacillus amuloliquetaciens sfrein UY1091 165 Hbosomal RN gene, parfial sequence
3 Baillus subfli strein UYE2E 165 dbosomal RMA gene, partial sequence
2 Bacillus sp. entichment culfure clone We2_s0 165 rbosomal RMA gene, parfial sequence
1 Biawcillus subfilis subisp. sublis stran KISR-1 165 Abosomal RiA 9ene, partial sequance
1@ Bcillus amydcliquetaciens 2, complete genome
Bunculured bactetium clone 12F_L2_24 165 ibosomal RiA gene, partial sequance
Bruncuttured bacterium clone 10F_L2_22 165 ibasomal RMA 9ene, parfial sequence
Bruncuttured bacterium clone 09F_L2_21 165 ribosomal Rtda gene, partial sequence
B Uncutfured bacterium clone 03E_L2_03 165 fbosomal RMA gene, partial sequence
3 Uncutfured bacterium clone 01E_L2_01 165 fhosomal RMA gene, partial sequence
3 Bacillus subfilis stain HE- 1 165 ribosomal RMA gene, partial sequence
1 Biawcillus subfilis strein 552 165 ribosomal Rha gene, partial sequence
1 Bacillus ampboliquetaciens strain P2 16 5 tibosomal RMA qene, parfial sequence
1 Bacillus sp. 45, complete genoms
@ Bacillus 3p. PBCC 23 165 ribosomal RMA gene, partial sequence
o Bacillus 5p. PBCC 22 165 fibosomal RMA gene, partial sequence
12 Bacillus subfilis stain JRS 5 165 fbosomal RMA gene, partial sequence
1 Bagills licheniformis sttain JR2-6 165 Hbosomal RMA gene, parfial sequence
1 Biawcillus subifilis strein JR2- 3 165 Abosomal RNA qene, parfial sequence
B Biavcillus subfilis strein BPC- 15 165 ibosomal RMA gene, partial sequance
& Bacillus subfilis sfain PP 10 165 Hbosomal Ra gene, parfial sequence
& Bcillus subflis stein YPH S 165 bosomal RhA gene, parfial sequence
3 Bacillus subfilis stain L1 PE1 165 ibosomal RiA gene, partial sequence
2 Eacillus methwatraphicus strain TP S 1 165 ribosomal RA gene, parfial sequence
1 Bacillus subfilis stain KPCE811 165 fbosomal RiA gene, partial sequence
1 Biawcillus subilis stredn J P15 165 dbosomal RMA gene, parial sequance
1 Biacillus subfilis stein JPM1 4 165 ibosomal RMA gene, parfial sequence
i Bicillus subfilis strein . PE12 165 bosomal R4 gene, parfial sequence
1 Biaillus subfilis stein HPC20 165 ibosomal Ria gene, partial sequence
1 Bacillus subfilis stain FP&3 22 165 fbosomal RiA gene, partial sequence
1 Bacterium OL&- 3 165 Hbosomal RA gene, parfial sequence
1 Bacillus subfilis stain ARE1 3 165 fbosomal RA gene, partial sequence
[ Bawcillus subilis strein D510 165 tibosomal RMA gene, partial sequence
& Baillus subfilis stein CE1 165 rbosomal RhA gene, parial sequence
& Bcillus sp. LGOS 165 Hbosomal RMA gene, parfial sequence
3 Bacillus sp. 1503 165 Hbosomal RHA gene, parfial sequence
1 Bacillus sp. L 502 165 Hbosomal R gene, parfial sequence
# Bacillus amuloliquetaciens subsp, plan farum VAL B9601- V2 compled: genome
1 Biawcillus subfilis strein CVE S 17 165 ribosomal RMA gene, parfial sequence
i@ Billus subfilis strain CYE 5 12 165 ibosomal R4 gene, parfial sequence
o Bacillus subfilis strein CYE S 11 165 fibosomal RKA gene, partial sequence
1 Bacillus subfilis strein CYE S & 16 5 fbosomal Rha gene, parfial sequence
1 Bacillus subflis stin CVE S & 16 5 fbosomal RA gene, parfial sequence
1 Bacillus subflis stain CVE S 4 16 5 fbosomal RA gene, partial sequence
& L tobiacillus mutinus strein AUDE 165 dbosomal RMA gene, parfial sequence
B Bavcillus subiilis strein F05 165 ribosomal Rhia gens, parial sequence
 Bacillus subfilis partial 165 RNA gene, isolate G019
3 Bicillus subfilis partial 165 FRAMA gene, isolate 5605
p Barillus subfilis sfrein 55011 165 tibosomal RMA gene, parfial sequence
& Bacillus subtilis stain 30L1-3 16 5 ibosomal RMA gene, parfial sequence
& Bacillus subfilis stain 30L1-2 165 fbosomal RA gene, partial sequence
2 Bacillus subilis subsp. subilis strain 30 3 3 165 Hbosomal RMA qene, parfial sequence
'@ Bacillus subfilis strain 5002 2 165 fbosomal RhA gene, parlial sequence
o Biacillus subdilis strein 3003 1 165 tibosomal RMA gene, parfial sequence
1 Biacillus subfilis stein 3002 3 165 ibosomal Ra gene, partial sequence
1 Baillus subfliz strein 304424 165 rbosomal RHA gene, parfial sequence
1 Bacillus subfliz strein 304422 165 rbosomal RHA gene, parfial sequence
@ Bacillus subfilis stain 30M2- 5 165 ibosomal RMA gene, parial sequence
@ Bacillus subfilis strain 30M2- 4 165 ibosomal RMA gene, parial sequence
o Bawcillus subdilis strein 3003 7 165 tibosomal RMA gene, partial sequence
@ Bacillus subfilis sfein 30K 4 165 ibosomal RMA gene, parfial sequence
@ Bicillus subfilis strain 55h1-4 165 ibosomal R4 gene, partial sequence
3 Bcillus subfilis stein 30M2-9 165 ibosomal RMA gene, partial sequence
3 Baillus subfilis stain w321 165 bosomal RA gene, parfial sequence
@ Bacillus subfilis subsp. inaquosotum strain 1502 165 tibosomal RKA gene, parfial sequence
@ Bacillus 5p. B19(2011) 165 rbosomal Rh& gene, partial sequence
@ Biacillus sp. BE(2011) 165 tibosomal RMA gene, parfial sequence
3 Bacillus subfilis subsp, spizizenii gene for 16 5 rRMA, parfial sequence, shain: MERC 101243
& Bacillus vallismortis gene for 165 rRA, parfial sequence, shain NERC 101236
@ Baillus amdoliquefaciens gene for 165 rRMA, parial sequence, shain: MERC 3022
@ Bacillus amydcliquefaciens gene for 165 rRMA, partial sequence, shain: MERC 3025
& Bacillus subfilis gene for 165 rbosomal Rha, parfial sequence, sheain: B TO-4
o Bawcillus subfilis gene for 165 rRMA, parfial sequence, strain: WERD 13722
@ Bacillus subfilis gene for 165 rRMA, parfial sequence, strain: WERC 3936
3 Baillus subfilis gene for 165 rRMA, parfial sequence, shain: MERC 104443
3 Billus subfilis gene for 165 rRMA, parfial sequence, strein: WERC 12112
3 Bacillus subfilis gene for 165 rRMA, parfial sequence, shein: WERC 12114
@ Bacillus subfilis gene for 165 rRid4, partial sequence, shrein: MERC 13169
@ Uncuthured ba terium gene for 165 ¥R, parfial sequence, chone: 12TCLNIPS
W Biacillus sp. MIES 165 ribosomal RMA gene, parfial sequence
W Bacillus sp. G561 165 bosomeal RMA gene, partial sequence
& Baillus subfilis subsp. inaquasarim parial 165 rRMA qene, fope shein DSH 221487
& Bacillus subifilis subsp. spizizenii TU- B 10, complete genome
@ Baillus subfilis subsp, subilis RO-MKE1, complete genome
& Bacillus subflis stain Ba3_14 165 ribosomal RMA gene, partial sequence
@ Bacillus subflis subsp. subilis parfial 16 5 rRMA gene, strain B7E
@ Bawcillus mojawensis strain MESL4E 165 ibosomal RMA gene, partial sequence
1 Bacillus subfilis strein SKE12 165 ibosomal R4 gene, parial sequence
2 Biacillus subfilis stein K21 165 tibosomal RMA gene, partial sequence
@ Baillus 3p. CE2 165 Hbosomal RMA gene, parfial sequence
@ Bacillus 5p. &Y-2011- R514 parfial 165 rRMA gene, isolae R514
3 Bacillus subfilis stain ATF 40 165 fbosomal RA gene, partial sequence
1 Bagillus subfilis strein & 762 165 fbosomal RA gene, partial sequence
@ Bacillus sp. BIHE 1365 165 ribosomal Rha gens, partial sequence
@ Bacillus subfilis strain BN 165 ibosomal RivA gene, parial saquence
@ Bacillus subilis strain 18Rk C 539 165 Hibosomal RNA gens, parfial sequence
¥ 030_kh_2_165 F_EDIT_copy
Bacillus sp. TC9 165 vbosomal RHA qene, parfial sequence
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:-l I_'b1|3'.'E-=E"'EE.1I Faenibarcillu= lawtu= gere foxr LEZ rBHA, partial =egquence, =train:
HERC 153BD
Length=14B0

Srore = 1043 bit= (115&). Ewpect = 0.0
Identitie= = STE/5E0 (BB%), Sap= = O/SEBD (0%)
Serand=Plus/Min=-

Geery 1 A T T O e T T T IO EEETTAD DD CADDEACTTOEEETETTETARAD D

N
Sbict 1462 OODCRCCTTOEEOEEC eI OO CT I e e TTADDDCADDEATTTOEEETETIETARAT 1403

Query &1 T I I A e EE T F I T ACARGAD DD EEEARDETATTCADDEOEECATECTE 120

R N
fbjct 1402 TCICEIGEIGEIGACEEECEEICICTACARGADDDEEERARDETATTCATDERDEECATECTE 1343

Query 1Z1 ATOCEDEATTACT AR AATTOOEACT ICATECAGEDEAET IECAGOCTECAATOOGAATT 1ED

TEEREET Rt e e e e e e e e e e e e e e e e e e r e el
Sbjct 1342 ATCOCEDEATTACTAGCAATICCOEACTICATEAGEOGASTIECAGOCTECAATOOERAATT 12683

Query 1E1 GREACTEECTTTTATASEATTGEC T CACCTOECEECTICECTIODOETISTADCAGDCA 240

TEERREE Rt e e e e v e e v e e e e e v e e r el
Ikect  1Z2BZ GRGARCTEECTITTATAGEATIGECTOCACCTOEOEECTIOECTICOOOESTIETADCAGDCA 1222

Queery IZ41 TTETACSTACETETETARC O ARETCATAAREEECATEATEATTTGADETCATOODDEDCT 200

PERTRRERR e e e v e e e e e e e e e e e e eerenrennl
Sbict 1222 TIEIACTACEIGEIGIAGOICAACTCATARGEEECATGATEATTTGADETCATODDDEDCT 1163

Query 301 T e T T T e I AT AT T AT I TAGATT OO CADDDEARETECTEECARCTARR 36D

N N e ey
fbjcts 1162 TOCDCOEETI TG CACCEECACTCAT I TAGASTEOCCADDINARGTECIEECARCTARR 1103

Query 361 ATCAREEETTEOEC TG TEOEEEACT TARDDCARCATCTCACEACAOEAECTEROEATA 420

TERRREE Rt e e e e e v e e e e e e e e v e e e r e el
Jbjct 1102 ATCRAEREETIECECTOETIECEEEACTTARDOCARCATITCADEACADEAECTEACGACA 1042

Query 421 AR T A AT TETCACCTCTET OO DA RGEDDEOCTCTATCTCTASASEATTCAGRE  4ED

FERERRERR e e e e v e e e v e e e e e e et eerennrennl
Skt 1042 ACCATECACCACCTEICACCICIETOOOEARGEODEOCTCTATCTICTAGRAGEATTCAGRAE BB

Query 42E1 EEATEICARGACT eI ARGET ICT I CECET IECT ICEAATTARRDCACATACTOCATTE 540

N N
Sbjct BSEZ BEATEICARGRCT e TARGET ICT T OEOET IEC T TOGARATTARARDCACATACTOCATTE 523

Query 541 CTITETECeEETOO OO I CARTICCTTIGAGTTICAGTCTT SED

TERRRET R e e e e v e et
Sbjct  BIEZ CTTETECEEET O DDETCARATTOCTITEGASTTTICASTCTIT BEZ

< Paenibacillus lartis stein RSMPE21 165 ibosomal RA gene, partial sequence
& Paenibarillus sp. H25 07 partial 165 FRbA gene
3 Bactrium DES 165 tibosomal Rba gene, parfial sequence
& ZUncuttured Paenibacillus sp. partial 165 rRddA gene, clone ACf23

@ <] firmicutes | 2 leaves
@ arUncuttured Paenibacillus sp. clone Ba-bk8 165 fbosomal Rida gene, parial sequence
& 41 paenibacillug sp. ¥P1-2 165 fibosomal Ria gene, parfial sequence

13 Paenibacillus sp. Y412MC10, complete qenome
3 Paenlbamllus lartus strein SK21 165 tibosomal RAA gene, parfial sequence
0 Pagnibacilus sp. SE45 26 165 ibosomal RMA gene, partial sequence
& Unculfured bacterium gene for 165 rRMA, parfial sequence, chone: WE1 S 52
<1 firmicutes | 2 leaves
9 <] firmicutes | 3 leawes
2 Paenibacillus latus shein 5135 165 ibosomal RMA 9ene, partial sequence
Hyoza b4 155 R_EDTA
» Paenibacillus sp. sc_50 165 fbosomal Rida gene, parfial sequence
& paenibacillus lactis strain WE 2035 165 fbosomal RA gene, parfial sequence
& Q % paenibacillus lactis parfial 165 rRNA gene, strein B 1550
¥ s  Paenibacillus lacfis strain ME 1928 165 ribosomal RMA gene, parfial sequence
o Uncultured bac terium pardial 165 FRiA gene, clone SHG1 57
o 3 @ } <] firmicutes | 3 lsaes
% Uncultured compost bacterum parfial 165 FRMA gene, clong FS1058
L firmicutes | 2 leaves

i & Pagnibacillus lactis strain 2¥b1 165 tibosomal R4 9ene, parfial sequance
]bamna | 2 leaves
o o Unculfured bacteium clone B5592 165 nbosomal RMA gene, partial 5.
SUncultured Pasnibacillus sp. clone QUTE 165 Abos..,
& 9 3 Paenibacillus sp. TR110% 3 gene for 165 rRNA, parfial sequence
& s -3 Paenibiacillus sp. envichment culture clone 47 165 ibosomal RMA 9ene, parfial .
1 ¥ < biactetial 4 leaves
4 -1 firmicites | 2 leanes
9 I Unicuttured bacteriom partial 165 rRMA gene, clone P_2C02
3 T firmicutes | 2 leawes
-0 Paenibacillus sp. P15 35 165 ibosomal R4 gene, partial sequence
] i+ Paenibiacillus sp. Bk 7 165 rbosomal RiA gene, parfial sequence
v -1 firmicutes | 2 leaves
] . o Paenibacillus sp. CC-YHH111 165 fbosomal RMA gene, partial sequence

'Unculfured bacterium clone SH 165 Hbosomal RNA gene, parfial sequence
|ﬁrm|cufes |4 liawes
f"] firmicutes | 22 leawes
]ﬁnmcufes | 23 leawes
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JESOSSED_ 1 Exiguechbacteritm mexicarum =train FHDICEM4E 163 ribo=pmal BHA gene,
partial =equence
Length=14584

Zeore = 1440 bitc= {(152E8), Expects = 0.0
Identitie=s = BOISEOS (SDY), Gap= = 17BOS (D%]
Strand=Plu=/FPlu=

Query 1 TN AR T AT AT A E IO EARDECAREARAT O CADEEARDOTTIOEEEEEERAAGETOE B2
(N N N N e N
Shijct Z5 CETEOCTARTACATEC ARSI OEAEDECAGEARATOEADEEARD DT IOEEEEEEARETOE

Query &D AR AT AR e AR EFT AT AR ACETARRCARCC TR DT T CAGEICTEEEATA 11
(N N N e
Shijct BS ACEERATEAEDEE AT AT ARCADETAARGA AT DT I CAGE T CTEEEATA

Query 120 ACCACGAGARRTCEEEECTAATACDEEATEEETCATOEEACDECATEETOOGAGEATEAR 1T

(N N N N
et 145 ACCACEAGRARATOEEEECTARTADCEEATEEEFICATOEGRODECATEETODEAEEATEAR 204

SQuery L1ED AEEDECTICOEECEICEOCIEEEEATEECITIGOEEFICCATTARCTASTTIGEFIGEEETART 235

(N N N N N N N
et 205 AEEDECT I CEECET e TeEeE ATl T T IS T ATTARCTAST IEETEEEETART

Query 240 SEDOCADAAREEIEADEATECATARDOEADTTEAGAGEFIGATOEEOCACATIGEEATIE 205
(N N N N N N
Shict 265 SEDDCACCAAEEDEADEATECATAGDDEADTIEAGAREETEATOEEDCACACTEEEATTE

SQuery 00 ASARCARCEEOCCACACTOCTACFEEAREC AR AETAGEEAATCTIOCATAATEEADEARRE J05

(N N N N
Shqets 225 AGRCACEEODCACACTOCTACEEEACECACCAETAREEARTCTIOCACRAATEEACEARAE JEE

SQuery 360 TCDEATEEAG AR FTEARCEATEARGEOCTIOEEEIOETAARGTITIGIIGTAR 415

(N N N N
Shqets 2B T CDGEATEEAECARACECCECETEARCEATEARREOCTIOEEETOETAAAETICIETIETAR 4442

SQuery 420 GERARGAACARRETECCECAEECAATEEIEECAITTTGRAOEETACTTICOGAGARRAEDCAT 47
(N N N N N N e
fkqce= 445 EEEAARAACAAETEODECARECAATEEOEECADCT IEADEETADTTIEOGAGRRAARDOTAC 504

Geery 4E0 GECTAARCTACEDEOCAGCAEDOEDEETAATAOETAGETEECARGOETIETDDEGAATTAT S35

(N N N N
Shqets  S05 GECTAACTACETECC A ARECCEDEETAATADETAGETEECAAEDETTIETOOEEAATTAT 564

Geery 540 TEEEOETAAREDEOEDEAEGEOEEOCTCITARMGTCTGATETGARARGDDODDEECTCARDT 505

(N N N N N
Thqets SESE TEEEROETAARECECECECAEECEEOCTCITAAETCTEATETGARARDDDODEECTCARDT E24

Seery GO0 GEEERGEEOCATIGEAARCIGEEREECTIGACTATAGEAGRAGAAGATTEGRATTOIADET G5
(N N N N

Skact  EES  BEREAREE AT AR T AT IGACTATAGCACACAREACTEEAATIOCADET &6

Geery G680 GITARDGETGRRATEOETAGAGATEIEEREGEAMCADCAETEEDEARGEDERCTCTTIEEDC Tl

I N N
Skct GBS EIAEETEARATEOET ACAGAT I CEACEARCADCACTEEOEARAREDEACTCTITEEDC 744

SQeery TZ0 TATARTDEACECTGAGEDEOGARREOETEEEEAGCARRCAGEATTAGATADDOCTEGETAST T
(N N N N N N
Skct= T35 TRATAAM T GROECIEACEORDCAARGOEFTEEEEACTARACREEATTAGATACOCTEETAET B0

Gueery TEDM OCOCADEBOOETRARADGATGAGTECTRAE EBEO4

TREERER e rnrnenl
Skict EBOS OCARDEOCETARMRDEATGEAGTTECTAE EBZD
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Exiguabacterium 5p. India.stveam small subunit ibasomi

Unculfured bacterium clane nbwi 1550701 165 tibosomal RMA gene, parfial sequence
unculfured bactedum clone nbw 121301001 165 Hbosomal RMA gene, parial sequence

@ Unculfured bacherium clone nbw 1 189h0&c1 165 ribosomal RMA gene, pardial sequence

pUncutured bacteriom clone nbwed 15190301 165 ibosomal RA gene, parfial sequence
@uUncutured bacteriom clone nbwed 15130901 165 ibosomal RA gene, parfial sequence
SuUncufured bacterium clone nbwd 1490041 165 nbosomal RMA gene, parfial sequence
Wincutured bactetivm clone nbwe 19190721 165 ibosomal RMA gene, parfial sequence
uncuttured bacterium clone nbw1 19190501 165 fbosomal RMA 9ene, parfial sequence
9 unculfured bacterium clone nbw1 1890201 16 5 ibosamal RNA gens, partial sequence

' Exiguobsacterium sp. MIPHLO90904/K2 165 ibosomal RA gene, parfial sequence
bacteria| 7 leaves

Unculfured bacterium clone nbe 1 163b05c1 165 ribosomal RMA gene, parial sequence
Eviguobacterium sp. PHSAD- 2 165 ibosomal RMA gene, partial sequence
] Exiguabacterium sp. Chie 43 165 rbosomal RiA gene, partial sequence
unculfured bactedum clone B3 35 165 Hbosomal RMA gens, ..
b teria | 2 leawes
-] barteria| 5 leaes

I+ Unculfured bac terum clone HOO57 16 5 fbosomal R4 gene, parfial.

@ Unculfured bac terium clone nbw 12070201 165 rbosomal RMA gene, partial sequence

o Uncultured bacterium clone nbwd 20500501 165 Abosomal RMA 9ene, parfial sequence

S Uncultured bactetium clone nbw 120730601 165 ribosomal RRA 9ene, partial sequence

i Unculfured bacterium clane nbw11 5501201 165 Abosomal RMA 9ene, partial sequence

i Unculfured bacterium clone nbw 11 54e01c1 165 rbosomal RMA gene, partial sequence

& @Unculfured bacterium clane nbw 12050301 165 nbosomal RMA 9ene, partial sequence
] Unculfured bacterdum clone nbw 1 205ho2c1 165 Hbosomal Ria gene, parisl sequence
@ Exiquobactetium sp. L9 165 ibosomal RhA gene, parfial sequence
o Exiguabacferium sp. IMTE 3094 165 Hbosomal R...

L]

Unculfured bacterdum clone nbew 107 361001 165 tibosomal RMA gene, pardial sequence

Unculfured bacterium clone nbew 113 1ho$c1 165 ribosomal RMA gene, partial sequence

Unculfured bacterdium clone nbat 1511201 165 Hbosomal RMA gene, partial sequence
 Exiguobacterium sp. WIS 165 ibosomal RNA gene, partial sequence
i Uncultured bacterium clone nbw 115891001 1635 rbosomal RNA gene, partial sequence
3 3 Exlguohacfenum 3p. W30 parfial 165 rRMA gens, isolate N30
i Unicuthured bactetium clone nbw 1 192d04c1 165 fbosomal RNA ene, partial sequence

Enguobaﬁ:fenum 5p. 24 partial 165 rRMA gene, isolate M2+
Exiguobiaterium mesicanum shain KMUCA064 1635 fibosomal RMA gene, partial sequence

o i+ Evigquobactetium sp. DB 27 165 ribasomal RMA gene, partial sequence

e Exiguobacterium sp. MIF24 165 ibosomal RMA gene, partial sequence
A @ 036_Khalid_HCH__16F 4
Exiguobiactetium sp. ¥11 165 fibosomal Ria gene, partial sequence

Unicuthured bacterium clone nbw1207e1261 165 rb.

bacteria | 3 leaves
& Uncultured bacterium clone nbw 1 164a09c1 165 fbosomal RMA gens, partial sequence
firmicutes | 2 leamas
il bacteria | 3 leaes
@ Unculfured bacterium clone nbew 11490421 165 ibosomal RMA gene, partial sequence
J Uncultured bacterium clone nbad 19241001 165 fbosomal RMA gene, partial sequence
9 Uncultured bacterium clone nbw 1811011 165 Abosomal RMA gene, partial sequence
Unculhmed bracterium clone nbw1161b051 165 tibosomal RNA gene, parfial sequence
Exiguobactetium sp. CO01&(2010) 165 ibosomal Ria gene, parfial sequence
unculfured Exiguobacerium sp. clone Obed B 10 165 bosomal RMA gene, partial sequence
,” Exiquobactetiim medicanum sirein KMUC9046 165 Hbosomal RRA gene, parfial sequence
iy bacteria | 2 leawes
Uncultured bacterium clone nbaw 15161201 165 Hbosomal RHA gene, parfial sequence
@ Unculfured bactedum clone b f 1590301 165 Hbosomal RMA 9ene, partial sequence
9 uncultured bacterium clone nbw 11882041 165 Hbosomal RNA 9eng, parfial sequence
Unculfumd bracferium clone nbw 107 520801 165 Hbosomal RWA gens, parfial sequence
Exiguobacterium sp. EH32 165 ibosomal R gene, parfial sequence
Unicutfured bacteriom clone nbw 1 16420201 185 ribosomal RA gene, parfial sequence
9 Exiquobacterim sp. L-0G 165 ibosomal R4 gens, partial sequence
LJ Exiquobacterium homierse strain Hi- RS 165 fbosomal R4 gene, parial sequence
Unicuthured bactetium clone nbw 113501001 165 fbosomal RNA ene, partial sequence
Exiquobacterium sp. F4 hikH 165 ibosomal R4 gene, parfial sequence
L Uncultured bacterium clone nbw { 157d0301 165 rbosomal RMA gene, partial sequence
3 Unculfured bactedum clone nbi 1 156c08c1 165 Hbosomal RMA gene, parial sequence
] Exlguobadenum 5. UTT E-07 5059 165 ibosomal RbA gene, partial sequence
Unculfured bacterium clone nbe { 15260901 165 ibasomal RMA gene, partial sequence
Unculfured bacterium clone nbe { 164b09c1 165 tibosomal RhA gene, parfial sequence
] Extiquabactedium sp. PR 10,6 partial 165 rRNA 9ene, boe strain PR 10.6T
] " Exiguobacterium mexicanum sftein Sh 165 ribosomal RMA, complete sequence
-J unculfured bactedum clone nba 113820101 165 Hbasomal RMA gene, partial sequence
uncultured bactedum clone B1-13 165 ibosomal FMA gene, partial sequence
@ Unculfured bacterium clone nbew 113820201 165 ibosomal RMA gens, partial sequence
L_'J Unculfured bacterium clone nbe f 192b07c1 165 tibosomal RRA gene, parfisl sequence
] Exiquobacterium sp. R4 165 ibosomal RMA 9ene, parfial sequance
T unculfured bacterium clone nbew 119201101 165 tibosomal RMA gene, pardial sequence
Uncutured bacterium clone nbw { 1641001 165 Hbosomal RHA gene, parfial sequence
9 Exsiguobacterum aurardiacum stein 14 165 fbosomal RNA qene, parfial sequence
13 bacteria ] 2 leaves
Uncultured bacterium clone ADE- 33 165 ribosomal RMA gene, parfial sequence
] Unculfured bacterium clone nbe f 15400301 165 tibosomal RRA gene, pardisl sequence
S Uncultured bacterium clane nbw 119200501 165 Abosomal RMA gene, parfial sequence
I‘J Exiguobactetium sp. EPOS parfial 165 pRMA gens, shain EPO3
T Uncultured bacterium clone nbw { 15800901 165 Hbosomal RHA gene, parfial sequence
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)-l |g]_:-|]'];1254l55_1| Bacillu= mpjavensi=s strain FHEZ 168% ribo=omal BHA gene, partial

ST
Length=14308

Srpore = 1310 hiw= (14&Z), Ewpect = 0.0
Identitie= = T40,/T745 (BBY%), Gap= = L1/745 {(D%)
Strand=FPlu=s/Flu=

Query 1 AR AR AT AR T TECTRC T AT ET TARDEEOEEADEEFTEAGETAACADETE &0
R N N N Ny
Tkjcs 1 AR A AT AT IECT OO T AT ET TAGDEEOEEACEEETEACTAACADETE 502

Query &L BT AR T T T ARG AT EEEAT AATTODEEEAAAMCDEEEECTAATADDEEATECTIE 120
(RN N e N Ny
o e ] BT AR T CTET ARG AT EEEAT AATTODEEEAARCDEEEECTARTADDEEATECTTE

Query 121 TITEARCECATESTICAARCATARRREETEECTICGECTADCACTTACAGATEEADODE 1EBD
(R e
Fhict 120 TITEARDDECATEET I CAAACATARARGETEECTICEECTADCACTTACAGATEEADDDE 178

Guery 1E1 OEEOECATTAGCTAGTIGETGAGETARDEETCADCARGEIARDEATEDETAGIDOERDOCT 240

Prrrerreeeeerrrrrrr et e b et e e e e errrrrrreentl
Fbjct  1B0 CERCECATIAGCTAGTIGEIEAGETARDEECTCADCARGECAMDEATEOFTASGODEADCT 235

Query Z£41 BARREEETGATCEFECCACATTEEEACTEAGATADERFODCAGATTOCTADEEEAGECAECA 200
(R N R N e
Ihqcts 240 ERGAREEETGATCGECCACACTEEEACTEAGACACEEDDCAGACTOTTACEEEREECAECA 200

Query 201 ETAEREEARATCTICCECARATEEACEARRETCIGACEERECARDEODEOETEACTGATGRARE 36D
(R N N N
Thjct J00 ETAGEEAATCI IO CECAATEERDEARASTCIGADEEAECAADEODEOFTGAGTGATEARE 350

Query 261 EGITTTCEEATOETARARGCTICTET IETTAGEEARGANRCRAAETADDETTCEHATAGEEDEET 220
(R N e N N
Fbjct 360 ETTTIOEEATCETARRECTCTET IETTAGEEAAGAACAAETADDCETTORAATAGEEDEET 415

Query 221 ACCTIEACEETACCTAADCAGAARECCACEECTARCTADETEOCAGCASDDEDEETARTA 2BD

N N N N Ny
Zbjcts 420 ACDCTITEACEETACCTARDCAGRAREDCADEECTARCTACETEOCAECABDDEDEETAATA

Query 281 COFTAGETEECAARCETIGTICOEEAATTATIGEECETARAGEECTOECAGEDEETICTTITA 540

(R N e e N Ny
Tkqcts  4B0 COETAGETEECARGCETIGTCCEGRATTAT IEEECETARAEEECTOECAGEDEETTICOCTTA

Query 541 ASTCIGATETGAAAERDDCCODEECTCACDCEEEEAEEETCATIGEARACTEEEGARCTTIERA GO0
terrerrerereererrereererr pererrrrer e e rrrerrrreeni
Fbjct  S40 AFTCIEATEIEARAEDDDCDEECTCARDDEEEEAEEETICATIFEAAATCTEEEEAMACTIEA S0

Query &Il B ARAREAREAGAETEERATI O CACETETARDEFTEAARATEOEFTAGAGATEFIGEAGEA BED
R N N ey
Tbjct G000  EFDECAGAAGASEAGAETEEAAT IO AT FTARCEEFTEARAATEOETAGAGATETGEAGEA 650

Query &8l ACADCAETEEDEAAREDEATTCICTEEICIETAACTEADECTEAGEAEORARABDETEEE TEZD
(R N N
Ibjcts  E60 ACAROCAGTEECERAGEDEACTCICTEEICIGTARCTEADECTEAGEARDOEARAREDETEEE 718

Query TZ1 GABDERACAGEATTARATADDOCTES 745

FErrereerereerr revenerntnd
Sbact TZ0 GRABRDEARCAGEATTAGATADDICTSE T44
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@o25_khalid_HC33_16F 4

o Bicillos majavensis shain K2 165 fbosomal RNA gens, parfial sequence

9 Baillus majavensis stradn IFO1 5715 165 rbosomel R4, partial sequence

& Biillus subrkilis strain CIGC 10034 165 ribosomal Ria gene, parial sequence

3 Biillus mojawensis sftain BCRC 17124 165 tibosomal Rhih gene, parfial sequance
3 Baillus mojawensis sftain A21 165 ibosomal RNA gene, parfial sequence

{3 Bacilus majawensis isolate £ 165 fibasomal R4 gens, partial saquence

- Bicilles 5p. W7 1_D50 paptial 165 A& gene, isolade W7 1_050

" Bacillus mojawensis stran 55128 19 165 ribosomal Ri& gene, parfial sequence
13 Biaillus mojawensis sttain Hsw10 165 ribosamal R4 gene, partial sequance
 Baillus subitlis sttain 2 165 ibosomal RNA gene, parfial sequence

& Billus 3p. hv1_ 552 parfial 165 rRbA gene isolade Hi71_552

& Bicillus 5p. B27(2009) 165 Abosomal RNA gene, parfil sequence

& Biillus 5p. GOMBG 1635 rbosomal RNA 9ens, parfial sequence

1 Biaillus 5p. CICCHLY 35 165 basomal RMA gene, parfial sequence

i Eiaillus subeilis shain PCLIG0S 1635 fbosomal RMA gene, parfial sequence

[ 41 Biaillus sp. GRITE-C:-2 165 tibosomal RMA gene, complets sequence

i 40 Bincillug sp. P209 gene for 165 rRMA, parfial sequence

[ 47 Bincillug mojawenisis strain ifo 15713 16 fibogomal b, partial sequence
) 4 Bicillag subrflis qene for 165 ¥RhA, partial sequence, strain: NERC 13722

o Bincillos malacitensis shain WMO4 165 fbosomal RA gene, parfial sequence
9 Baillus subrflis strin W17 165 ibosomal R4 gens, partial sequence
9 Bacillus subtilis sttain - 12 165 ibosomal R4 gene, parfal sequence
 Baillus subfilis sttain WO- 10 16,5 Hhosomal RhA gene, paral sequence
 Bachium £572 165 basanal R4 gend, pafial suquence
o= imicutes | 17 leaues

| fimicutes | & leaves

3 | fimicutes | 249 leawes

4] fimicutes | 7 liawes

[# Bacherium FJAT 13827 165 fbosomal RNA gens, parfial sequence

ol fimicutes | 6 leaes

< fimicutes | & leawes

I:: Jo271812.1 Bacillus muralis strain 6N02 165 ribosomal ENA gene, partial
Faguence
Length=1055

Score = 831 kbics (1032), Expect = 0.0
Identities = 531/537 (99%), Gaps = 3/537 (1%)
Strand=Plus/Minus

Query 1 GRAGGTTARCCTCRACCGRCTTCGGGTGTITACRRACTCTCGTGETGTGRCGGECGETGTIGTRE &0

Lrrrrnrrrrrrrrrrrrrrrnnerrrrrrrnrrrrerneer el
Sbjct 1029 GARGGITACCICACCGACTTCGGGTIGITACARACTCTCGIGGIGTGACGEECEETEIGTIA 970

Query 61 CLARGGCCCGEGARCGTATTCACCGCGGCATGCTGATCCGCGRATTACTAGCGRATTCCGECT 120

Lrrrrnerrrrrrerrrrrrrrnne e el
Sbjct 969 CARGGCCCGEGARCGTATTCACCGCGECATGCTGATCCGCGATTACTAGCGATTCCGGECT 910

Query 121 TCATGCAGGCGAGTTGCAGCCTGCA-TCCGRACTGRAGRATGEGCTTTATGGEGRATTCGCTTRE 178

L rerrrrnnrrrrrrneer el
Sbject 909  TCATGCAGGCGAGITGCAGCCIGCAATCCGRACTGAGRATGGCTTTATGGGATTCGCITA 850

Query 180 CCTTCGCAGGTTTGCAGCCCTTTGTACCATCCATTGTAGCRACGTGTGTAGCCCAGGTCAT 2389

L e rrrrrererrrenrnnl
Sbjct 849  CCITCGCAGGITTGCAGCCCIITGTACCATCCATTGTAGCACGTGTGTAGCCCAGEICAT 790

Query 240 ALGGGECATGATGATTTGACGTCATCCCCACCTTCCTCCGGITTGTCACCGGCAGTCACC 298

FEErrnrrrrrernr el
Sbject 782 ARGGGGCATGATGATTITGACGICATCCCCACCTITCCTCCGGITIGTCACCGGECAGTCACC 730

Query 300 TTRAGAGTGCCCARCTGRAATGCTGGCARCTALGATCRARAGGEGTIGCGCTCGTTGCGEGACTT 358

LLErrnrrrrrrre e e el
Sbjet 729  TTAGAGTGCCCAACTGAATGCIGGCAACTARGATCAAGGGITGCGCICGITGCGEGACTIT 670

Query 360 ALCCCRARCATCTCACGRCACGAGCTGACGACRACCATGCACCACCTGTCACTCTGTCCCC 418

FEERTE e e e e e e e e e e e e e e rrrnnl
Sbjct &89 ALCCCRAACATCTCACGACACGAGCTGACGRCARCCATGCACCACCTETCACTCIGICCCC 610

Query 420 CGRAGGNALAAGCCCTATCTCTAGGGTTGTCAGAGGATGTCRAAGACCTGGTAGGETICTT 478

Errrr  rrrennrn e e e e e e e e il
Sbjct 809 CERAGGGGRARRGCCCTATCTCIAGGGTITGTCAGAGGATGTCAAGACCTGEGTRAAGGTICTIT 550

Query 480 CGCGTTIGCITCGAATTARRACCACATGCTCCACCGCTTGGTGCGGGCCCCCCGTCARAT 536

Lrrrrrrrrreerrrerrrrrrerrrrerrrrerenr teerrer rrrrrnrrrnl
Sbjct 549 CECGTIGCITCGRRTTARRCCACATGCTCCACCGCTI-GTGCEEEG-CCCCCGTCART 4595
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@017_khalid_Red_165F_copy 4
1 Baillug sp. IMCd03 parfial 165 rRMA Qene, shein IMCd03
@ Bacillus simplex strain DHEJ0 165 ibosomal RMA gene, parfial sequence
2 Bacillus sp. MJEC16 165 ibosomal Ria gene, partial sequence
o Bacterium 758 165 ribosomal RNA gene, parfial sequence
19 Barillus simple sftain CE27 165 fibosomal RAA gene, partial sequence
i Bauillus simplet sttain O 165 tibosomal FMa gene, parial sequence
& Bacillus murelis strein cp5 165 ibosomal RA ene, partial sequence
B Unicuttured bacterium clone TR2_2115 165 ribosomal RbA gene, partial sequence
Sunculfured Eavcillus sp. clone CES 165 fibosomal Ria gene, parial sequence
@ Baoillus simplex sfrain P51 165 Hbosomal RMA gene, parfial sequence
@ Barillus thuringiensis strain AIMST KBTS X 165 Hbosomal RMA gene, partial sequence
gunculturved Erevibacterium sp. clone T-11 165 ribosomal RMA gene, parfial sequence
firmicutes | 51 leawes
& Barillus simple sftain FRL3 165 fibosomal RAA gene, partial sequence
@ Bacillus sp. PRL4 165 ribosomal RMA gene, partial sequence
3 Baillus sp. 0-MR1 165 ibosomal RMA gene, partial sequence
o Barillus sp. LO3(2011) 185 ibosomal R4 gene, partial sequence
@ Bacillus sp. R19(2011) 165 ribosomal kWA gene, parfial sequence
@ Baillus sp. RIA(2011) 165 bosomal RMA Gene, parfial sequence
3 Firmicutes bacterium R24 165 ribosomal RRA gene, parial sequence
& Bauillus simplet sttain Bi19 165 Hbosomal RMA 9ene, partial sequence
@ Barillus simpley strain CEG_LEIS 16 5 fibosomal R4 gene, parfial sequence
@ Bacillus simplex sfain CEG_LEN 311 165 tibosomal RHA gene, partial sequence
& Barillus simplex sttain CEHG_LEIZ0 165 fbosomal RMA gene, parfial sequence
@ Bacillus simplet sttain CEG_LEI2Z4 165 fibosomal R4 gene, parfial sequence
@ Bacillus simplex sfrain CEO_LEI 165 ibosomal RiA gene, parfial sequence
@ Bacterium enichment culfure clone FSEs_aA11_T*_A11 165 ibosomal R4 qene, parial sequence
& Bacterium entichment culfure clone FRER_AT_T#_AOT 165 tibosomal RMA gene, parfial sequence
@ Bacterium enichment culture clone FS&H_E11_T3_E11 165 ibosomal RMA gene, partial sequence
@ Bacillus sp. LPPA 1494 partial 165 rRfA gene, strain LPPA 1434
@ Uncutured Bacillus sp. clone T2F21d35 165 ribosomal RMA gene, partial sequence
9 EBaillus sp. 27cer 165 ribosomal RAA gene, parfial sequence
9 Unculfured bacterium isolate 1112569353162 165 Hbasomal RNA gene, parfial sequence
] firmicutes | 17 leaves

ab | JHESE456_1 Barillus =ubtilis =suwbh=p. inagueo=ocrmnm strain LF0MZ 1688 ribo=omal

BHA gene, partial =sgquence
Lengthk=144%

Score = 1080 bit= {115Z). Expect = 0.0
Identities = STE/STE (1O00%),. Sap= = O0SET (0E]
Strand=Flu=/Mim=
uery 1 oA T T ORI eI O TAAR AT TACCTCADDEACTIOEEETETTACARA AT &0
A e ey
Skjets 1427 COOCARCCTICOEEOGECIGECT TAARAMEETT I COOSACTTOSEETCTTACAARTTT 1356
guery  E1 T e T AR OB T I e T AC AR DO EECAADETATICADDEDEECATECIGAT 120

A N ey
Thiyct 13687 TOFIGFIeIGACEEEOEFIFICTATRAAREO O DEEEARDEFTATICACDEOEECATECIGAT  130E

guery 1Z1 AT T AT AR GAT IO AR T I AR AGT OEAFT IeCAGACTEOGATODEARTTEA 1LED

A N N e N
Sbjcs 1307 COOERCGATITACTAGCEAT I CAGCT ICADECAETOEACT IGCAGATTEOGATOOGAATTGA 1246

Juery 1EL EARMCACAT T TG EEEAT IEECI TARCCTCEOEEFI T ICECTEOOCITIGTICIGIOCATIE 240

N N e ey
= =i =37 A ACAT T I I AT I T T AR N BB
. 124947 GAAMCAGH AT OEDEEFT T ICECTEOOCTT IS TICIETOCATIE  11EE

Juery Z41 TARECACETEFIET A AEE T CATAAGEEECATEATEATTIGADFDCATODDCADCTIOE . 300

N N N N N
Sbjct 1187 TAECACETEIETAGDCCARETCATARGEEECATGATGATITEACEICATODDOCADCTIOC 112E

Query 301 TOCEET T I T A A TCACCTTAGASTEODCAACTEAATECTEECAACTAAGATCE 36D

N N Ny
Sbijct 1127 TOOEETTIEICACCEECAFTCACCTTAGAGTEODCARCTEAATECIEECARMCTARGAT A  LOGE

Query 361 AEEET IO T T I EEeEAC T TAAD D CARACATCTCACEACRDEAECTEACEACARDCE 420

N N Ny
Sbict 1067 AGEETIECECITCETIECEEEACT AR AACATITCADEACACEASTTEADEACARDCA  LODE

Query 4421 T AT AT T e OO CEAAGEEEADETOCTATCICTAGEATIETCAGAEEAT 4ED
A N ey
Shjcts 1007 TECADCADCTET AT OO ARGEEEACETOCTATCICTASEAT TG TCAGASGAT B4E

Query 4381 ARG A T TARGET DT OGO T IECT IOFAATTARACCACATECIOCADDECTIE 540

A N N e e
Ty 47 BT A A A T T AR ST T T I O T DT IO AATTAR AR CATECTOCADDECT T

Theery 541 TEOEEEDODOETCAATTOCTTIEASTTICASTCTT 576
trerrrrrrerrrrrrerrrrrrrrernrrrennnd
Sbjct  BBT7 TEoEEEDDODOETCAATIOCTTIEASTIICASTCTT  BSZ
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firmicutes | 2 leawes
< Barillus subtilis sfrain MEE 3 165 fibosomal Rikda, gene, partial sequence
14 Baillus subtilis sfrein MEE 44 165 fbosomeal Ria 9ene, partisl sequence
@ Bacillus subtilis sfrein C 5363 165 tibosomal RMA gens, parfial sequence
@ Bacillus subtilis sfrain C5%191 165 ribosomal RMA gene, parfial sequence
@ Bacillus subtilis sfrain HO- 1 165 rbosomal RNA gene, partial sequence
@ Baillus sp. WhI1001 165 fbosomal Ria gene, parfial sequence
& Bauillus subdilis stain TP- Snow-C17 165 ribosomal Rka gene, parial sequence
@ Baillus ampdoliquefaciens strain AcT- 15 165 ribosomal RNA gene, partial sequence
@ Bacillus subtilis subsp. subdilis aene for 165 rRA, partial sequence, sfrein: JCM 10629
@ Bacillus subdilis strein P10 165 ibosomal RMA gene, parfial sequence
& Baillus ampoliquefaciens strain P2 165 Abosomal RMA ene, parfial sequence
& Barillus subtilis stein P4 165 tibosomal RMA 9ene, parfial sequence
@ Bacillus subtilis stzin PE 165 tibosomal RMA gene, parfial sequence
@ Bacillus subfilis strain P53 165 ribosomal RMA gene, parfial sequence
@ Bacillus subtilis strain P79 165 fbosomal RMA gene, parfial sequence
& Bavillus subdilis strain 2¥W3 2 165 ribosomal RHA gene, partial sequence
@ Bacillus subtilis parfial 165 rRMA gene, strain CH1
@ Baillus sp. 551 parfial 165 FRRA gene, sfrain 551
@ Bacillus subtilis stain &9 165 tibosomal RMA gene, parfial sequence
@ Bacillus subtilis strein KIBGE- 1617 165 fibosomal Rida gene, parial sequence
& Baillus subdilis BSns, complete ganome
@ Bacillus subtilis stain &mp1 165 vbosomal R4 gene, parfial sequence
o Bavillus subdilis stain KJBOE 35 165 ibosomal Ria, gene, partial sequence
12 Bacillus subfilis sfrain & UT- KSU309 16 5 ribosomal RRA gene, parfial sequence
@ Bavillus mojavensis strein POR- K3SU303 165 ribosomal RAA gene, parial sequence
& Bacillus axarquiensis strein POR- KSU302 165 ribosomal RMA gene, parfial sequence
@ Bacillus subdilis sfrain POF- KSU304 165 ibosomal Ria gene, parial sequance
o Bacillus ampdoliquefaciens strain SUN ESUE02 165 Hbosomal RMA 9ene, parfial sequence
3 Baillus aarquiensis strein SUN KSUS03 165 Hbosomal RMA gene, parfial sequence
& Baillus subtilis subsp. spizizenii strein SUN KSU305 165 fbosomal Ria 9ene, parial sequence
@ Bauillus subdilis subsp. spizizenii strein WSE- KSU303 165 ibosomal Rda, gene, partial sequence
@ Bauillus subdilis subsp. subfilis strein WSE- KSU304 16 5 ibosomal RMa gene, partial sequence
@ Bacillus mojasensis shrain WS E- KSUI05 165 tbosomal RHA gene, partial sequence
@ Bauillus subdilis subsp. subfilis strein WSP- KSU310 16 5 ibosomal RMa gene, partial sequence
& Bacillus subfilis strain bER4E 165 ribosomal RhA 9ene, parfial sequence
0 Bacillus subdilis sfrein Baws1 165 dbosomal Ria gene, parial sequence
i Badillus sp. 3417ERRY 165 tibosomal RA qene, parfial sequence
@ Bacillus subtilis stain MEY44 165 Hbosomal RMA 9ens, parfial sequence
@ Baillus sp. Wv1001 165 fbosomal Ria gene, parfial sequence
@ Bavillus subilis stain WES MIOT 16 5 fbosomal RMA gene, parfial sequence
@ Bavillus subdilis sfrain CLW BA1-5 165 ibosomal Ria, gene, parial sequence
@ Bacillus sp. entichment culhrs clone ©- 11 165 nbosomal RMA 9ane, partial sequence
o Bavillus subdilis stein Co24 165 ribosomal RMA gene, parfial sequence
& Bacillus 5p. GC- 1 165 tibosomal RRA gene, parfial sequence
@ Bacillus subtilis stain MU Sc 1 165 dbosomal RMa 9ane, partial 5:qusnce
i Baoillus 5p. 3614BRRJ 165 tibosomal Rha gene, parfial sequence
@ Bacillus sp. 5001 ERRJ 165 tibosomal RMA gene, parfial sequence
& Barillus subtilis stwin GYPEO4 165 ribosomal RMA gene, partial sequence
& Baillus subilis shain TUL322 165 ribosomal RWA qene, parfial sequence
i Bauillus subilis shain BEPRISTOOT 16 5 fibosomal RMA gene, parfial sequence
@ Baillus subdilis strein & FRISTO0E 16 5 Hbosomal RMA gene, parfial sequence
 Bavillus subilis shein BEPRISTO09 16 5 fbosomal RMA gene, parfial sequence
& Bacillus subtilis strein B715 165 nbosomal RA 9ene, partial sequence
@ Baillus empoliquefaciens strain HYP 165 ibosomal RMA gene, parfial sequence
@ Bacillus sp. M14(2011) 165 Hbosomal RMA gene, parfial sequence
3 Bauillus subilis shain 445 165 ribosomal RWA gene, parfisl sequence
& Barillus subtilis stain U42E 165 Hbosomal RMA 9ens, parfial sequence
& Bavillus subdilis strain U1224 165 ribosomal RHA gene, partial sequence
i Bavillus subdilis sfrain U154 B 165 ribosomal RHA gene, partial sequence
@ Bacillus subtilis sfrein L1706 165 bosomal RMA gene, partial sequence
1 Bacillus sp. B2-4 165 tibosomal RMA gene, parfial sequence
& Bacillus sp. CE2 165 fbosomal RMA 9ene, partial ssquence
& Bacillus subdilis strain £21 165 fbosomal RMA gene, parfial sequence
@ Bacillus subtilis stain SKE12 165 Hbosomal RMA gene, parfial sequence
3 Bacillus mojavensis strein NESL4E 165 ribosomal RHA gene, parfial sequence
3 Bacillus subtilis subsp. subdilis partial 165 rRiA gene, stein BYE
& Bauillus subdilis shain BA3_ 14 165 fibosomal Rha gene, partial sequence
@ Eaillus subfilis subsp. subfilis RO- WK1, complete genome
i Badillus subtiliz subsp. spizizenii TU- B 10, complete aenome
@ Baillus subtiliz subsp. inaguosonim parfial 165 FRRA gene, fupe strain DSH 221487
& Baillus sp. C561 165 ribosomal RiA 9ene, parfial sequence
& Bacillus sp. HIES 165 tibosomal RMA gene, parfial sequence
@ Bacillus subtilis subsp. inaquosorum gens for 165 rRMA, parfial sequence, strain: 141
@ Bauillus subilis stain EM3 16 5 ribosomal RMA gene, parfial sequence
@ Uniculfured bactedum gene for 165 FRMA, parfial sequence, clone: 12TCLHITS
@ Bavillus subilis gene for 165 rRbA, parfial sequence, strein: NERC 13169
@ Bacillus subilis gene for 165 rRMA, parfiel sequence, strain: NERC 12114
@ Bacillus subiliz gene for 165 rRMA, partiel sequence, strein: MERC 12112
@ Baillus subilis gene for 165 PRK A, partiel sequence, shain NERC 104443
3 Badillus subtiliz ene for 165 rRMA, partiel sequence, strein: MERC 3936
& Badillus subiliz gene for 165 rRMA, partiel sequence, strein: MBRC 13722
@ Bacillus subtilis gene for 165 rbosomal Ri&, parfial sequence, strain: B T0-4
i Bauillus amoliquefaciens gene for 165 rRiA, partial sequence, strain: MERC 3025
@ Bacillus ampoliquefaciens gene for 165 rRMA, parfial sequence, strain: WERC 3022
@ Bavillus vallismortis gene for 16 5 rRRA, partial sequence, strain: WERC 101236
& Eacillus subtilis subsp. spizizenii aene for 165 rRkA, parfial sequence, strain: MERG 101243
@ Badillus sp. BH2011) 165 ribosomal RMA 9ene, partial sequence
o Badillus sp. B1902011) 165 tibosomal RhA qene, parfial sequence
@ Baillus amploliquefaciens CALL B34 complete genome
@ Barillus subtilis gene for 165 bosomal R4, parfial sequence, stain: 318
@ Bacillus sp. HHIE 165 rbosomal RMA gene, partial sequence
@ Bauillus sp. EL31410 165 ribosomal Rh2 gene, partial sequence
@ Bacillus subfilis sfrain i 2- 16 165 ibosomal Ria gene, parfial sequence
@ Bavillus subilis shain HE 116 165 ribosomal RWA qene, parfial sequence
@ Bacillus sp. 13843 165 ribosomal RWA gene, parfial sequence
@ Bacillus sp. 139000165 rbosomal RMA gene, parfial sequence
@ Baillus ampdoliquefaciens shain 576 3 165 tibosomal RAA gene, parfial sequence
¥ Bauillus subilis subsp. inaquosonim strein 1502 165 ribosomal RMA gene, parfial sequence
030_kh_2_165R_EDITA
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JHES4531.1 Exiguobarteritvm imndicum =train EB1BE 1& 1EF ribo=zomal BEA gene,
partial =equence
Length=15%8

Foore = 1425 bit= (15B0), Expect = 0.0
Identities = TES5/T0E (8EY), Gap= = O0/TEE (0%)
Strand=Flus=,/Mima=

Query 1 CTADD DA CTTORADEECTEEC T T IEOEETTADTTCACDEECTIDEEETETIGCARE &0
N N N N N
Sbjcts 1486 CTADDDCACCTTORADEECTEECT T IEOEETTADTTCACDEECTIDEEETETIGCARE 1427

Query GL CT T T EE T T e A DEEEDEE T T T ACRAGRDCDEEEAACETATTCADDECAETATECT 120

N N N N N Y
Sbct 1426 CICTCETEETETEROEEEDEEDEI G ACARGRODDEEEAAETATTC RO AETATECT

Query 1Z1 AT TEOFATTACTARDEAT IO DEACT ICATRCASEDEAFTIGCASCOCTECARTODFARC  1BD
TERRERETTE et e e e e b e e e e e e e e e et

Fbjct 1366 GACCTECEATTACTARCEATIOOEACTICATRCAGEDEAFTIECAROITECARTODFART 1307

Query 1BL TEEEARCEECTTTATEEEATIEECTOCACCTOEDEETCTIOECTEOOCTTIETADDETOCE 290

N N N N
TEEEr A e T TATEEEA T I eeC T AT OO E T T e T OO T T IS TADDET O

ket 130E 1247

Query Z41 TTET AR ACETETET AT AR T ATAAGEEECATEATEATTIGADETCATCODCADTT 200
N N N Ny
Thjct 1246 TIETAR ACETEDETAGCOCARCTCATAAGEEECATEATEATTIGADETCATODDCACTT  11E7
Query 301 T T EETT I eI A DEECAETCTOCCTAGACTEOOCARCTGARATECTEECARCTARGE 360
TERREREETER e e e e e e e e e e e e e e e e e et
Fbjct 11BE TOCTODEEITIEICADCEECAFTCTCOCTARACTEODCAMCTEARTEITEECARTTAREE 1127
Query 3J6L ATAREEETTECECTCET TECEEEACT TAADDCARCATCTCADGACACEAGCTEGROGACAR. 220
TERREREETE e e e e e e e e e e e e e e e e rrenenntl
Zbjct 1126 ATAEEEETIECECTCETTECEEEACTTARDOCARACATCTCADEACADEAGCTGRAOEACAR  10ET

Query 2Z1 A TEC A CAC T CACCATIE T OO COEARGERARAACTTEGATCTCTCARGOEETCAAT 460
N N Ny
AT A A e T AT AT DT OO A A EEAR A AT TEATC T C T CAREOEETCART

Tbjct 1066 1007

Query 481 EEEATE T ARGACTIEETAAGETICTIORDETIECT IOGAATTARADCACATECTOCADC 540
N N N N

Shjct 10068 GEEATETCARGACTIEETAAGETICITOEDETIECTIORARTTARADCACATECTOCADT 247

Guery S5431 BT eI DEE T CARTTCAT T IGAST T TC AT IGOEEDDETACTODDCRAEEE 600
FEETTERERLEr e vt veeveeerereeenerererrrrrrrrrrrnnnl
Sbjct 546 BT e eI DT CART T O T I TEAGT T I C AR CT IEOEEDDETACTOODCAGEE BEYT

Query 601 GEASTECTTAATSCCTTACCTTCACCACTOAMGCECEEAAACCOOOCAACACCTARCACT S50
TERRTTREERRTEr e e e e e e eeree ettt e e v e e el

Sbijct BEE GEASTECTTARTSCCTTACCTTCACCACTEACCCECOEAAACCCOCCRACACCTARCACT BIT

Quary EE1 CR 70

TOETTTADEEDETEEACTADCAGEET AT TAATOCTET TIEC T OO CADECTTIOEDE
N N N e N ey
Sbjce BZE CATOETITADEEDETEGACTACCAGEETATCTAATOCTETTIECTOODOCADECTIICRDE  TET

Query TZ1 O AECETCAGTTACAGA DA AARAET DB TTOEDCACTEETETDOCTOCACATCTICT  TED
N N nn Y
Sbjct TEE O AT AT TACAGR DR ARGRET OB CT DB ACTEETETIOCTOCACATCTCT 707

Quexry THEL ACBCATTTCACOECTACA TEE
FERRERETTrnnrnnnl
Fjcs  TOE AOBCATTTCACOECTACR  GED
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Unculfured bacterium clone ©2139 165 Hbosomal RMA 9ene, parfial sequence
-2 Uncultured organism clone ELUOO 14 T176 5 MIPG RAMaANa_000295 small subunit ribosomal RNA gene, partial sequence
Exigquobacterium acetdicum stain LTS 165 Hbosamal RMA 9ene, parfial sequence
@ Exiguobacterium acetdicum 165 ribosomal RMNA gene, partial sequence
Enguobaﬂenum aceflicum stain DSH 204 16 165 Hbosomal RA, partial sequence

4 (}
>

unculfured bacterium clone C2212 165 nbosoma] RMA 9ene, parfial sequence
Exiguobacterium sp. DSTF 165 tibosomal RMA gene, parial sequence
Uncultured bacterium clone ©214 165 ribosomal RMA 9ene, partial sequence

firmicutes | 2 leawses
Bacterium A4(2009) 165 rbosomal RRA, gene, parfial sequence
Extiguobacterium sp. MMME11 165 Hbosomal RMA gene, parfial sequence
bacterial 2 leaues
firmicutes | 2 leaves

&

Uncultured bacterium clone sab 55212 165 ribosomal
firmicutes | 2 leawes
2 @ 7 Exiguobacterium sp. 3 15020100 185 ribosomal RNA gene, parfial sequence
& H Bacterium 1-gw 3 10 165 ribosomal RH& gene, parfial sequence
Exiguabacterium sp. + 6(2010) 165 Hbosamal RMA 3ene, parial sequence
2 Exiguobacterium oxidotolerans isolate AE3 16 5 ibosomal R gene, complete sequence
9 Extiguabacterum sp. ARCTIC- P25 165 Hbasomal RMA gens, parfial sequence
1) firmicutes | 12 leaves
3 Exiguobacteium sp. B01 gene for 165 fbosomal RkA, parial sequence
Bactetium REGD S 165 ribosomal RM& 9ene, parial sequence
@ 4 Extiguobacterium sp. 392 28 small subunit ribosomal R (rm) gene, parial sequence
Exiiguobacterium sp. 4_0_52 155 ribosomal RMA gene, partial sequence
d Psendomonas sp. EME 1 165 fibosomal Rk gene, parial sequence
Exiguobacteium sp. FE165 165 ibosomal RMA gene, parfial sequence
Extiguobacterium undae small subunit ibosomal RMA (i) gene, parial sequence
% Exiguobacterium cxidotolerans shain T-2-2 16 5 ibosomal kA, partial sequence
o firmicutes | 4 leaves
ﬁrlmcuies | 2 leawes
uncultured bacterium clone 1477 165 ribosomal R4 gene, parfial sequence
3 5 Uncultured bacterium clone MORS_IW0905_50 165 ibosomal RHA gene, parfial sequence
i Exiguobacterium sp. 419 165 ribosomal RA gene, partial sequence
& Eviguabacteium sp. Sh3 165 rbosamal RhA, parial sequence
Uncultured bacferium clone MOMS_IYW0905_55 165 rbosomal RMA Gene, parial sequence
Exiquobacteium sp. FS272 small subunit ibosomal FbA gene,.
firmicutes | 2 leaves
& firmicutes | 3 leases
uncultured bactetium clone KSC2-41 165 rbosomal RMA 9ene, partial sequence
@ Exiguobactetium sp. D25{20101 16 5 ibosomal R4 gene, partial sequence
< Unculfured bacterium clone AH11 165 ribosomal RM& gene, partial sequence
Eniguobacterium sp. WPCEIOS 165 tibosomal RMA gene, parial sequence
firmicutes | 5 leaves
95 firmicutes | 4 leaves
fitmicutes | 4 leawes
Uncultured bactetium clone Mins 165 ribosomal R4 gene, parial sequence
EBacterium D2(2009) 165 Hbosomal RN gene, partial sequence
(4 Bicillacese bacterium MR 154 165 ribosamal RMA gene, parial sequence
Exiguobacterium sp. Bt 1 165 bosomal RMa gene, partial sequence
Exiguobacterium indicum shain BR15_14 165 ribosomal RMA gene, parial sequence
firmicutes | 3 leaves
i Exiguobacteium indicum strein TSWCW22 165 rbosomal Ria gene, parfial sequence
Exigquobacterium sp. LS 185 ribosomal RMA gene, parial sequence
Enguobactemlm 5p, 200911 165 ribosomal RMA 9ene, partial sequence
Uncultured bacterium clone 1- 5F 165 Hbosomal RMA gene, parfial sequence
firmicutes | 5 leaves
Glacial ice bacterium SE12K-22 165 ibosomal RMA gene, partial sequence
2 Exiguobacterium acetdicum strein QD- 3 165 Hbosomal RMA 9ene, partial sequence
Unculfured bacterium clone 2- 34 165 tibosomal RMA gene, partial sequence
@ 017_Khalid_HC1__
Emguobactenum indicum strain : HHS 31 165 ribosomal RrA, parfial sequence

16k 4

133538.1

Bacillus cereus strain BOCs315 165 ribosomal BNA gene, partial

sequence
Length=414
Score = G544 bits (602), Expect = Ze-151
Identities = 304/306 (95%), Gaps = 0/306 (0%)
Strand=Plus/Minus
Query 1 CAAGGCCCGEEAACGTATTCACCECGECATGCTGATCCGCGATTACTAGCGATTCCGGCT 60
. FEEEEErrrrrrr e rrererr e e rre e e ee e rere e e e e e e e e er el
shJ 408 CAAGGCCCGGGAACGTATTCACCGCGGCATGCTCATCCGCGATTACTAGCGATTCCAGCT 349
Query ®l TCATGCTAGGCGAGTTGCAGCCTACAATCCGAACTGAGAACGGTTTTATGAGATTAGCTCC 120
. FEEEEETrrrr e e e e e e e e e e e e e e e e e e e el
bjct 348 TCATGTAGGCGAGTTGCAGCCTACAATCCGAACTGAGRACGGTTTTATGAGATTAGCTCC 289
Query 121 ACCTCGCGETCTTGCAGCTCTTTGTACCGTCCATTGTAGCACGTGTGTAGCCCAGETCAT 180
. FEEEEETrrrr e e e e e e e e e e e e e e e e e e e el
Sbh] 288 ACCTCGCGGTCTTGCAGCTCTTTGTACCGTCCATTGTAGCACGTGTGTAGCCCAGSTCAT 229
Query 181 AAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCNCCGGCAGTCACT 240
CEEEErrrrrrr e e rrrrerrrrerere e er e e e rerer e ey tererererrnd
Sbjct 228 ARAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTETCACCGGCAGTCACC 169
Quer 241 TTAGAGTGCCCAACTAAATGATGGCARCTARRATCAAGGGTTGCGCTCGTTGCGGEACTT 300
. CEEEEErrrrrr e e rrrrerrrrerere e e e e e e v e rer e e e e e e errn
Sbjct 168 TTAGAGTGCCCAACTAAATGATGGCAACTARRATCAAGGGTTECGCTCGTTGCEEGACTT 109
Query 301 AACCCA 306
[T
Shjct 108 RACCCRE 103
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@ 028_Khalid_HC7__16R 4

firmicutes | 4 laanes

Bawillus cereus isolate HE S 2 1 165 ribosomal RRA 9ene, parfial sequence
unculured Bacillus sp. clone EGU3TE 16 5 dbosomal RMA gene, parial sequence
| firmicutes | 13 leaves
1 Biacillus thuringiensis strain 61456 165 ibosomal RA gene, parial sequance
i Biawcillus cereus strain BFE 5584 165 ibosomal RHA 9ene, partial sequence
@ Earillus thuringiensis strein CKE19 165 fbosomal RMA, partial sequance
(2 Bacillus thuringiensis stein AP-CH ST 165 fbosomal Rha gene, partial sequence
2 Biacillus cetaus stain BPH3 3 165 ribosomal RMA 9ene, parfial sequence
{3 Bacillus cereus shain BE-1C 165 rbosomal RA gene, parfisl sequence

Eacillu 5p. THADG 165 bosomal RMA 9ene, parial sequence

Eacilluz cereus shain BOC5311 165 ribosomal RhA gene, pardial sequence
@ Bavillus cereys strein BGC5313 165 ibosomal RMA 9ene, parfial sequence
2 Bavillus cereus strain BOCS315 165 fibosomal RNA gene, parfial sequence

¢ Bacillus thuringiensis shain sa- 01 165 ribosomal RM&, parfial sequence

@ Baillus ceteus stain G 50 165 fbosomal RMA gene, partial sequence

i@ Biillus anthracis strain 1ARE 1-24 165 ribosomal RRA gene, partial sequence

i Birillus 5p. C1- 15 165 ribosomal Ria, gene, parfial sequence

@ Bacillus sp. 6% 5 165 Hbosomal RMA gene, parial sequence

i Bacillus sp. bT35(2011) 165 fibosomal RiA 9ene, parfial sequence

& Bacillus sp. bE3(2011) 165 rbosomal RA 9ene, parfiel sequence

@ Eirillus ceteys strain CIFRIY-T5E18 165 ribosomeal RiA gene, parfial sequence

@ Earillus sp. DB 1 165 fibosomal RMA gene, parial saquence

@ Bacillus sp. KUT gene for 165 rRhA, parial sequence

3 Bicillus thuringiensis serova finifimus stain &LL-01 165 ribosomal RhA 9ene, par

@ Bacillus cerens shain HM 165 ribosomal FA gene, parfial sequence

i Biacillus ceteus stain Wi lv313 165 ibosomal RMA 9ene, parfial sequence

& Bacillus cerens shain MEGS3 165 Hbosomal RMA gene, partial sequence

@ Earillus sp. 3551 ERRJ 165 ribosomal RA gene, parfial sequence

i Earillus sp. 550ERR 165 rbosomal RMA gene, partial sequence
Baillus cereus stain MEG34 165 ibosomal RRA gene, partial sequence

3 Bacillus sp. 73120111 165 ribasomal Ri& gene, parfial sequence

@ Bacillus sp. LM24(2011) 165 ribosomal R4 9ene, parfiel sequence

i Bicillus thurinaiensis serova finitimus YET-020, complete genome

& Bacillus cerens shain RU.E1.90 165 ibosomal RWA gene, partial sequence

@ Earillus cereys stain Jinshan2010 165 ribosomal FKA gene, parial sequence

@ Earillus cereus strain DZ4 165 ribosomal RRA gene, partial sequance

@ Biocillus cereys stain 51335 165 ribosomal RA gene, parfial sequence

@ Bacillus sp. G2T 165 tibosomal RiA 9ene and 165 235 Hbosomal RMA intergenic,

@ Unculfured bacerium clone wf2cloned 54 165 ibosomal RiA gene, partial sequence

& Uncultured bacterium clone wi2clonea2 165 ibasomal RMA gene, partial sequence

& Uncultured b tetinm clone w2clone47 165 fbosomal Rl gene, parfial sequence
firmicutes | 6 leanes
Biavcillus cereus gene for 16 5 rRMA, parfial sequence, specimer_voucher: GTC:0269°

2 Biocillus ceteus gene for 165 FRMA, parfial sequence, specimer_woucher GTC:0259

3 Earillus cereus gene for 165 vRAA, parfial sequence, specimer_woucher GTC:02917

@ Unculfured Bacillus sp. clone FAC1&5 165 fbosomal RkA gene, parial sequence

i Bacillus sp. entichment culfure clone 12 165 fbosomal RMA gene, parial sequence

& Biaillus cereys strain PHAS00E 165 ibosomal RMA 9ene, parfial sequence

@ Bacillus sp. cpe4 165 Hbosomal RMA 9ene, parfial sequence

& Unculfured bacferdium clone 112 165 ibosomal R4 gene, parisl sequence

2 Bicillus thuringiensis strein MBIGP 24 165 fibosomal RRA gene, partial sequance

3 Earillus 5p. MC- BAC-7 165 ribosomal RMA gene, partial sequence

@ Earillus sp. WMC- BAC-2 165 ribosomal RA gene, parfial sequence

i Barillus 5p. MC- BAC-4 165 ribosomal RMA gene, partial sequence

@ Unculfured bacerdium clone VU2f2_7%17 165 Hhosomal R gene, partial sequenc

@ Bacillus sp. BB2_14 165 ribosomal RA Gene, parfial saquence

i Bacillus cereus shain M3U A5 165 fibosomal RMA gene, parfial sequence

2 Bincillus ceteus strain AcdSP3 165 bosomal RRA 9ene, partial sequance

3 Barillus cereus strain AcdSP4 165 bosomal RRA gene, partial sequance

i Bacillus sp. EM1 165 ribosomal RA gene, parfial sequence

i Biillus cereus strain HT21 165 ribosomal Ria, gene, parfial sequence

@ Bacillus cerens shain MG 165 rbosomal RA gene, parfial sequence

@ Baillus ceteus stain F& 165 ribosomal RhA gene, parfial sequence

i Bacillus sp. Fr26209 partial 165 FRIA gene, shein B-26209

& Bicillus sp. F- 25355 parfial 165 FRMA gene, shain Fr25 565

3 Bacillus cereus MCT401 genomic Dka, complete genome

o Bacillus ceteus gene for 16 5 FRMA, parfial sequence, strain: MERC 103935

i Bacillus thuringiensis serouar monterrew gene for 165 rRMA, parfial sequence

@ EBirillus ceteys FE3776, complete genome

@ Unculfured bacterium clone to14 165 fbosomal RiA gene, parial sequence

& Uncultured bacterium clone ia P14 165 ibosomal RMA gene, partial sequence

:-’ Unculfured bacterium clone Mo P27 165 ribosomal RiA gene, parfial sequence
firmicutes | 7 leawes
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b | JOZITETE 1 Bacillu=s =p. H=wx25 16F ribo=omal BHA gene, partial =egoeensce

Score = 1ZES bit= {(13D0E]1. Expects = 0.0

Ddemtities = TOESTLE (S2%), Sap= = 0/ 713 (1)

Strand=Flia= Pl in=

heerg 1 TT NG ATE T I A e A R TCAC T AR RO T EEETARDTTS S
IIIIIIIIIIIII Trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnnd

Ehjot am TT T NG ATE T I A e A R TCAC T AR RO T EEETARDTTS (=1

e &1 O A T AT AR T e A A A e TAAT A DEEATECT ST T IEARDDE 1z0

Trrrrrrrrrnnnl ||||||||||||||||||||||||||||||||||||||||||||
Shjocs 10 OO AR AT AT AT T A A AR TAATADDEEATECTIEI T IEAADDS 150

ey 171 CARATEETICARAACATARARMSETEECT DOEET TR ACTTACAREETEER EOEEOECATT 18D
Trrrrrrrnrnl Trrrrrrrrrrrrrerrrrrrrrrrerrrrrrrrrrrnnerrnnnld
Fhjc 1&m CARATEETICARAACATARARMSETEECT DOEET TR ACTTACAREETEER EOEEOECATT 219

heexry 1Fl1 AECIrasI eI EACET AT Ca A A AT T ARCDDEADCTEACAEEETE =30
Trrrrrrnrnnl ||||||||||||||||||||||||||||||||||||||||| 11l
Ehjot ZZ RARESCTASTT TCASSTAR R A AT A A AT GO T A OO AO T ICACASEES TS =TD

e 221 AT e AR EsCAr TSR AR A AT O T ACEEE AR AT AT ASEEARAT o0
trrrerrrrrrrneerrrrrrrrrrerrrrvrrrrrrrrrrrrrrrrrrrrrrrrrnnrnnd
Shjocs ZEDr AT e AR CAr TSR AR A AT T O T ACEEE AR AR AETASEEARAT 335

ey =Rk oA AT EE A A AR T A AR A R RO T AT AT EARAESETI T ITEEA I ED
fTrrrerrrrrrrreerrrrrrrrrrerrrrrrrererrrrrrrrrrrrrrrrrrrrrnnnrnnd
Fhjc = J ] oA AT EE A A AR T A AR A R RO T AT AT EARAESETI T ITEEA =]

heexry FE1 TOETAARECTCIETIEIT. AT A CET T OEHAT AREEOEETACCTIEADE 1Z0
|||||||||||||||||||||||||||||||||||||||||||||||||| 111l
Syt 100 TOETAARECTCIETIIEIT. CAAMETADDETTOE. EETACCTIEADE 15D

heex 421 AR CAEAs AT A AT A O AT AR DSOS ETARATADSTASETEE 2BD
FTrrrrrrrnnl 1 ftrrrrrerrerrrrrerrrrrrrrerrrrrrrrrrnd Tirnrrni
Shjocs 450 SrACCTAADCACAR RSO DEErT AT AT AR AR DEOEETARTADETASETEE S15

ey 3E1 CRAMECETIGTOOEEAAT AT IGEEOEFTARAMBEEC I CECAEEDEETT TTRAARSTCTEATSE S0
trrrerrrrrrnrreerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnrna 111l

Shjct SZEF ARSI IS OCEEAAT AT GGG T AR RMEEEC TG AGEDEETT TTARSTCIGATS 5TE

heexry 531 TEaan EE TR AT A A TR EARCT IGACTECACRAE S0l
FTrrrerrrrrrnrneenrnl IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Syt SEDr T& EECTCA BT AT I A AT EEEE R TICASTECAEARE [=t=3=]

Query G0l ASCASASTESEAATTCCACSTCTASOGSFIEARATEOCTATACATSTCEASSAACADCASTS E60
[ e ey IIIIIIIIIIIIIIIIIIIII

Sbjos 640 ASSACASTESAATTCCACE TS TACOESFTEARAATEOSTACASATETECASCARCADCASTTE &S00

Queery 66l SOGARASGESEACTCICTGEICTSTARCTEADGCTEAGCASOGRAARGOSTEEEGEA T1E

FTrrrerr renrererrrnrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrnnld
Fhjc TN R AGECGA TS T IS T AR G A ARG AECEARRAEBOETEEEE A TEE

@ 026_Khalid_HC3__16F 4
<::]'ﬁm1i-:u1es| 500 leanes
2 Bacillus sp. WUST MAP- 5 165 Hbosomal RMA gene, partial sequence
o Bacillus sp. W7 1_552 parfial 165 rRkA Qene, isolate M71_552
i Bacillus mojavensis strain BCRC 17531 165 fbosomal RiA gene, partial sequence
5 Bacillus sp. GHTE G- 2 165 ribosomal RMA gene, complete sequence

DJ firmicutes | 12 leaves

T

1 Barterium 6572 165 ribosomal RMA gene, parfial sequence

g Uncultured Bacillus sp. clone P2 165 ribozomal R 9ene, parial sequence
3 Bacillus tequilensis strein K30 165 ibosomal RWA 9ene, parfial sequence
2 Bacillus tequilensis strain km15 16 5 Hbosomal RWA 9ene, pardial sequence
@ Bacillus tequilensis strain km16 16 5 Hbosomal RWA 9ene, partial sequence
@ Bacillus sp. KR-5104 165 ibosomal RMA gene, parfial sequence

)

@ Bacillus tequilensis strein BEPRISTO1T 165 fbosomal Rk gene, parial sequence
G [Brevibacterium] halotoletans strain S4B 1 165 fbosomal RA qene, parial sequence
B & Baillus sp. Hotens2 165 ibosomal RMA& gene, partial sequence
2 Bacillus sp. GCMES 165 Abosomal RMA 9ene, parfial sequence
B Bacillus sp. W7 1_DS0 parfial 165 FAMA 9ene, isolate M7 1_050
» Bacillus adarquiensis strain LMXHTE 165 ibasomal RMA gens, partial sequence
E.‘: Earillus sp. TT407 gene for 165 rRMA, partial sequence
1 Bacillus majavensiz strain cT170 165 Hbosomal RRA 9ene, partial sequence
@ Bacteium FIAT- 13327 165 ribosomal RRA 9ene, parfial sequence
-:lﬁrmi-:ufesl 3 leanres
s Eavcillus aarquiensis shein BF 52- 132 165 dbosomal RMA gene, partial sequence
2 Bacillus sp. ABCQE25 165 Abosomal RMA 9ene, parfial sequence
o] frmicutes | 17 leawes
’-.'.'_‘.]ﬁnnicufes| 16 leanes
= Bacillus subfilis strain L- 13 165 rbosomal RiA gene, parial sequence
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ob | JHESDESS . 1 Trooul tured Paoenibacillus =p. clome SCTEFIZ 1EF ribo=ocmal HHEA
e, partial =eoneerce

Lernsgrk—=149T7H
Soore = 10T7Z bit= {(11EBB). Expecs = 0.0
Identities = SET/500 (3], Sap= = /5320 {(D%]

Strand=PLlo=//Min:=

Qoeery 1 T A T T T e e I e I O O O T AT TAD DA CGATTICEEFIGI IS TAR &0
rrrrerrrrrrrrrrrrrrrrrerrrr rrorrrrrrrrrrrrrrrrrrrrrrrrrrnnnd
Skact 1465 TaAODC AT IEsoeer ez IO I TeoeEzmTTACDDCADDEACTIOSSETETIETAA 130

heexry 51 AT T T e e A R R R e T e e T AT A A A D D DR AR TAT I AR AT 1=
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Fhj o 1405 AT CICETEETETsACEEEDEETETET A EARDOCEEEAROETATICADDEDEECATED 1346

Shoexrg 1z1 AT e AT T AT A AR T T O s AT I AT S AR E AT I AR TS AATOOEAR 1B

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjcte: 1345 TEAT AT ITACTAG AATTI AT AT ACEOEACT IR ASDCIECAATOOGAR 1B

gheexry 1EB1 A A e T T I T AT A AT I T O AT OO EEC T IOeC T TS T e T AT asl =40
I e
Sy ot 1ZBS A Ar eI T TAT ACEAT ST AT O T I OECT IO OET TETADT AST 1zZ=6E

Peery 241 AT T AT A T e T AR AR T AT AACEEEC ATEATCAT T IEADEFTCATODDDORE 200

trrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnl
Fhj o 1225 CATIETAETACETSTET A AASTCATAAREEEECATEATGATT IGACETCATODDDET 11&E

Seery J0L CI OO ET I e Al A D CAT IO T ARSI SO CACCATTATEDSC DS ARATT 350
trrrrrrrrrrerrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnl
Skjce 11685 CICCICCECI TG CACEE AT AT I CTAGASTEODCADCATCATETECIEECARTT 1106

gheexry =1 AR A AT R AT e ST TG AT T T AR A AT A T T I AT AT AT AR TG ATS 20
[ N N
Sy ot 1105 AT AT IS T IO EEEAC T T A AT AT ADSACADE AR TEADS 1las

Peery 421 AT AT R A T A T e T AT I T I T OO AR DEOC I T TATCICTAGAGEATICR . 2ED

trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnl
Fhj o 1045 A A A AT A A T e T AT e T S A A GO T TATC I C TASASSAT IR BR&

eery 2BL RS ATEICAREACT DEETARSET DT NOEOET DECT DOCAAT TARAADCACATAC IO A SaD
trrrrrrrrrrrrrerrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnl
Tbact BSES AR AT ARG ATT DEFT ARG T I T IS T IeC T IOGAATTARAROTCACATACTOC A 526

Teery 541 CTECTTETGOSGET CETCAATTCOCTTTEASTITCASTCTTEOSACOSTACTODDOC: 5680
FrrrerrrrrerrrrrrrrrrreerrrrrrrrrrreerrrrrrrrrrrRRrERLLLLLLLA
SEqes QIS CTeCT T T eCeCE T O CCGTCAAT TCCT T TEAST T TCACTCT TEOSACCST A . BE&T
i+ Paeribacillus sp. FSL_HP-792 165 fbosomal RN gene, parial sequence
<] bacherial 4 leaes
@0 Panibiacilus sp. envichmerctcuthues clore w7 165 ribosomal RNA gene, parfil sequence
9 ] bacherial 5 leaves
9 0 pasnibailis sp. TR1103- 5 gene for 165 FRN, parfial sequence
Unculfured bacteriom clone 2503043 165 ribosomal RNA gene, parfial sequence
4 2 Cohnells sp, PAZ2E parfial 165 rRMA gene, isolide PAZIE
CUnculhared b fetium clone pEmO3ok 165 rbosomal Ria gene, partial sequence
-« fimicubes | 9 uaves
i 41 Pagnibiacilus lacfis shain ME 2035 165 rbosomal RhA gene, parfisl saquence
& Paeribaiillus lacts strain tE 1928 165 fhosomal R
e A paenibiacilus lactis parfial 165 rRbA gene, sftain 161350
4 9 < fimicutes | 3 leaves
) ® Unicuftred compost bacteriim parfiel 165 rRMA gene, clone FS 1055

| firmicutes | 2 leavas
< biachetia) 2 leanses
| imices | 12 laves
3 ¥ Paenibiacilus sp. KUDC3609 165 ribosoma) RA4 gene, parfil saquence
0 Pagnibiacilus lahis sttain 4114 165 rbosomal R gene, partia) saquence
¥ a0 165 R
9 0 paenibiacilus s strin D519 165 bosomal RNA gene, parfil sequence
<] fimicutes| 7 leswes
- 3 Paenibicillus lauhus s¥ain 5138 165 rbosomal RNA gune, parfial sequence
& I frmicutes | 22 leawes
< fimicutes | 3 leaes
| firmicutes | 2 aes
A1 + Paenibacillus 3p. #P1-2 165 fibosomal Rhi4 gene, partial sequence
gunculfured bicerium geres for 165 rRi, parial sequence, chone: W15 62
D | | fimicuhes | 5 lugres
| firmicutes | 2 leaues
G Pagnibiacillus sp. H2 507 parfial 165 RN gene
0 Unculhared Paenibacilus sp. clone B3 163 ibosomal R gene, parfial sequence
@ Uniuthared Paenibiacilus sp. parfil 165 rRMA gene, clone ACT23
¢ firmicutes | 2 leaes
9 Bacherium DES 16:5 fbosomal RiiA gune, patial suquence
2 paenibacilus ez strin SE21 165 bosomal RNA gene, parfil sequence
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@ 040_s3_ho1_ 1151
] Panicllium 3p. 3 #L-2011 135 rhosomal ANA gene,parfil seauence; intemal Yenscrbed spacer 1, 555 fbasomal RN gene, and intemal anseribed spacer 2, ¢
fingi| 3 lsaves
Peniciliom fagi 155 Abosomal R4 ens, parfel sequence infermal franscibed spacer 1, 585 Abosomal R4 gene and infemal franscribed spacer 2, complete sequence; and 255 rib..
Unculfured ascomycebe 175 vegion including 155 PRMA 9ene, 1151, 535 PRGA gene, IT52 and 235 PRNA gene, clone BF 0TUZ 33
3 0 Penicillum oxalicum sfein PO infemal ftanscribed spacer 1, 5.5 ibosomal RbA gene, and infemal franscribed spacer 2, complebe sequence
{3 Penicilium cordophium infemal franscribed spacer 1, 555 vibosamal RMA gene and intemmial fanscribed spacer 2, complete sequence; and 255 ibosomal RhA gene, parfial sequence
13 Penicilium condophilum sfrain FRR 602 135 Abosomal R4 9ene, parfil sequence; intemal franscribed spacer 1, 5.55 ibosomal R4 ene, and infeml ransiribed spacer 2, complete
19 Penicillium condophilum isolade W inderril fanstrbed spacer 1, parfial sequence: 535 bosomal R4 gene and infemal ranscribed spacer 2, complets sequence; and 283 rbosomal B,
3 Penicillum sp. Vegad47 internal franscibed spacer 1, 5.6 bosomal R4 gene, and infemal franscribed spacer 2, complete sequence
3 Penicilium cordophilum isolade C1) 304 intemial fanscribed spacer 1, parfial sequence; 545 rbosomal RNA gene and intemal ftansciibed spacer 2, complede sequence; and 255 rbosom
& Penicillium 50, ik 2009% isolade C 115 intemal franscribed spacer 1, paral sequence; 5.8 bosomal R4 gene and infermal franscribed spacer 2, complete sequence; and 245 ibos.
G penicillium 3p. ik 2009% isolae CUS1 intemal franscribed spacer 1, paral sequence: 585 bosomal R4 gene and infermal franscribed spacer 2, complete sequence; and 235 ibos.
(Uncuthured fungus genes for 135 PR, 1751, 5,85 PRNA, 152, 26 5 PRMA, Darfal and comple sequence, clone: DSF_43_B097
ncuthured Peniclium clone R14c25 185 rbosomal RNA gens, parfial sequence, intermal franscribed spacer 1, 5.5 rbosomal R4 gene, and intermal franscribed spacer 2, complete 5.
3 Penicillum sp. POPwuph22 enomic DA corteining 135 rRNA gene, IT51, 535 pROA gene, 1T 52 and 255 rRNA gene, isolate POPeuph22
3 Penicilium cordophilum gencmic DA coneining 155 PR gene, 151, 5.5 RAIA gene, IT52, 253 FRNA gene, strain 03104RDY_1
12 Penicillium condophium isolade ACT1- 2 indetmal tenscribed sparer 1, parfial sequence; 5.5 ibosomal RiA gene and intermal fenscribed spacer 2, complefe sequence; and 25 5 iboso.,
[puncuthured fungus genes for 135 PR, 1751, 5,85 PRNA, 152, 26 5 tRMA, Darfial and complet sequence, clone: 5C_B2_5_3 3
[gUnculfured fungus genes for 185 FRNA, IT51, 585 FRbA, IT52, 245 rRA, partial and complte sequence, clone: SC_B3_4_3_1
Fenicilium 5p. 4 E- 20100 sftain CI0 265 185 bosomal R4 gene, parfil sequence; intemial franscibed sparer 1, 55 ibasomal Rra gene, and intetmal franscribed spacer 2, compl.
Fenicilium corophilum strein DHRMO1 155 ribosomal R gene, parfal sequence; intemal franscribed spacer 1, 5,83 ribosomal RA genie, and infetmal franseribed sparer 2, complete
3 Penicillum cordophilum strain DHRMOT 155 Abosomal R4 gene, parfial sequence; indumal franscribed spacer 1, 5.8 ribosomal RA gene, and intermal franscrbed spacer 2, complite
Fenicillum corophilum stein CES 330,79 intetmal franscribed spacer 1, parfial sequence 553 vibosomal RRA gene andintemal tenscribed spacer 2, complete sequence; and 255 b,
3 Penicillium condophium isolade TBG - 17 intermal franscribed spacer 1, paral sequence; 5.8 bosomal R4 gene and infermal franscribed spacer 2, complete sequence; and 26 5 ibos.
3 Penicillium condophilum sitain CBS 251,38 intemal ftansiribed spacer 1, partial sequence; 5.6 nbasomal R4 gene and intemal ranscribed spacer 2, complets sequence; and 265 b,
& Penicillum cordophilum strain DHAMO 3 155 Abosomal R4 gene, parfial sequence; inbumal franscribed spacer 1, 5.8 ribosomal A gene, and intermal franscibed spacer 2, complite
g Fenicillium corophilum strein DACK 221130 interral anscrbed spacer 1, partiel sequence: 585 nbosomal R4 gene, complede sequence; and indemal frenscribed spacer 2, parti 5..
Uncuttured funaus genes for 135 FRNA, 1751, 5.65 PRNA, ITSZ, 28 5 rRMA, parfial and cnmpiefe suquence, clone SC_B3_ L34
(Uncuthured fungus genes for 155 PR, 1754, 5,55 FRNA, IT52, 28 5 tRNA, parfial and complebe sequence, clone: 50_B3_2_3_1
13 Penicilium condophium isolae TBG -8 infermal henscribed sparer 1, parfial sequence; 5.5 ibosomal RA gene and intermal fenscribed spacer 2, complefe sequence; and 25 5 iboso.,
9 Penicillium condophilum sftain ATHU B 5095 15 5 bosomal RA& ene, perfal suquence intemal fanscribed space 1, 5.8 bosomal RNA 9ene, and infemal franscrbed spacer 2, com
Glnculfured Ascompcots genomic Oba confiining 185 FRbA gene, 1754, 585 FRNA gene, IT52, 285 rRMA gens, clone BF-OTUE24
3 Penicillum cordophilum genomic DA conteinin IT 51, 5.55 tRMA gene and 1152, isolide ik F10
& penicillium condophium sftain 59 135 ibasomal RM& gene, parfial sequence; infetmal transcribed sparer 1, 5.6 5 Abosomal R4 gene, and intumal freanscribed spacer 2, complede sequ.
uncuthuved fungus isolde UP SC_ER_ 54 intemal franscribed spacer 1, parfial sequence; 5.8 bosomal R4 gene, complete sequence; snd intemal ranseribed spacer 2, parfil sequenc
9 Penicilium 50, Chilk 2009% isolade C U3 intermal franscribed spacer 1, parfal sequence; 5.8 ibosomal R4 gene and infermal franscribed spacer 2, complete sequence; and 24 5 nbos.
9 Penicillium condophilum isolae G129 intemial fanscribed spacer 1, parfial sequence; 555 rbosomal RNA gene and intemal ftanscribed spacer 2, complede sequence; and 255 Hbosom
2 Fungal sp. 48539 155 Hbasoml AN gene, parfal sequinc; inteml framscibed sparet 1, 5.3 basomal Rhké gene, and infeml franscrbed space 2, complete sequencesand 26.31..
ASCOMyCETes |  laaes
Fenicillum corophilum isolade TEG1- 14 infermial fanschbed spacer 1, partial sequence; 555 nbosomal N4 gene and inferal fanstribed spacer 2, complede sequence and 255 rbos.
& Penicillium condophilum sftain DHMJ09 135 tibosomal RMA gene, partal sequence; infermel trenscribed spacer 1, 5.6 5 basomal R4 gene, and intemal franscribed spacer 2, complede
¢ penicillium condophium sitain DHMJO 135 ribosomal RMA gene, partial sequence; infermel transcribed spacer 1, 5.6 5 fbasomal R4 gene, and intumal franscribed spacer 2, complede
& Pariciliom 5p. b 20 1 F1 3 genamic ONA conining IT 51, 5.8 FRN gene and IT52, shain F1 3
(pstampcofasp. ARIZ OCAsHET 185 fbosomal A& gene, parfel suquence; intemal fanscribed spacer 1 and 5.8 Hbosomal R4 gene, complete sequence; snd intemal franscribed ..
i3Uncuthured fungus genes for 185 FRA, 1131, 5.55 tRNA, IT52, 285 rRNA, parfial and comple e sequence, clone: 5C_B2_5_3 6
iUnculfured fungus genes for 185 FRNA, IT51, .85 FRbA, IT32, 265 rRA, partial and complte sequence, clone: SC_E2_5_3_1
13 Penicilium cordophium sftain ATHUB 5102 18 5 fbosomal RA4 ene, perfal suquence; intemal fanschibed space 1, 5.8 ibosomal RNA gene, and infemal franscribed spacer 2, com
& penicillium 50, BF037 genomic DNA confining 155 FRNA gene, 151, 585 PRNA gene, 1752 and 265 PRNA gene, isolae BFO3T
2 Penicillium condaphium gencmic DA conainin 1751, 5.5 5 tRNA genie and 1152, isolate Mk F1
& penicilium cordophilum strain GBS 330.74 15 ribosanal R gene, parfal sequences infermal transcribed spacer 1, 5.5 rbosomal R4 gene, and infetnal ranscribed spacer 2, comp
S Uncufured fingus isods P SC_E11_23 intermal ranscrbed spacer 1, parfial sequence: 555 ibasamal Riva gene, complefe sequence; and infumal anscrbed spacer 2, partial seque.
= ascompretes | 7 leaes
Fenicillum sp. F10 135 ibosomel R4 gene, partial sequence; infetmal franscribed spacer 1, 5.6 5 nbosomal R4 gens, and intemal franscribed spacer 2, complete sequence; and 255 ¥
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[ 1]

jgb|HM172832.1]| Mucor hiemalis culture-collection FSU<KDEU>:9871 internal
ranscribed spacer 1, partial sequence; 5.85 riboscmal RNA

ne and internal transcribed spacer 2, complete sequence;
d
n

i 285 ribosomal RNA gene, partial sequence
gth=564

QY

fD gom K

Scoxre = 610 bits (676), Expect = 2e-171
Identities = 350/358 (98%), Gaps = 0/358 (0%)
Strand=Plus/Minus

Query 1 TAATACTAGAGCATTICCITIATATTa2a2aaaTGTTCAGGCAGAARGAACARTGGTITCAG 60

IlllIIIIlIlI|l||||||l|l||l ll PEELRRRE el it
Sbjct 491 TAATACTAGAGCATTCCITTATATTAAAMAMAATCTTCAGGCAGARAGAACAATAGITCAG 432

Query 61 GCCTARTAAGTTTARAGAATTCAAGCAAGTCGARATTCTCAGTTCCATTCACAARCARARAT 120
FEELERRE e e veee e bbb eirrittl
Sbjct 431 GCCTAATAAGTTTAAAGAATTCAAACAAGTCGAAATTCTCAGTITCCATTICACAACARAMLT 372

Query 121 TATGAATGIGGGGIGITITIGATACTGAAACAGGCGTGCTICTATGGAATACCATIGA
FRRERRR R e e e e e Pereneriiill
Sbjct 371 TATGAATGIGGGGIGITITTGATACTGAAACAGGCGTIGCTCAATGGAATACCATIGA

Query 181 CTAGITGCGTITICAAAGACTCGATGATTCACTIGAATATGCAATTCACACTAGTITATCGCA 240
| IIIIIIIIHIIIIIIIIIHII!II]IIIIHI|||I||l|ll|l|l||||l|llIl
Sbjct 311 CAAGITGCGITCAAAGACTCGATGATTCACTGAATATGCAATTCACACTAGITATICGCAC 252

Query 241 TITGCTACGITCTITCATCGAT
PR rererrrnrrnrenl
Sbjct 251 TTTGCTACGTICITCATCGATG

TCCGTTGTTARRAGTTICGTITTITATA 300
PLEELERrrrrr il

GCGAGRACCCAGA
111 |
G CCGTTGTITAAAAGTTIGTTITTATA 192

GA
LLEEL Hrnd
CGAGAACCAAGAGAT
Query 301 AGITITTITACGCTCATGTITACAATAATAATACTGAATICITIIGGTaaaaaaaTAATA 358
PLLER ERn ey Peri e ieriery o 1nill
Sbjct 191 AGITITTTACGCTITATGTITACAATAATAATACTGAATTICTITITGGTAAATAATTAATA 134
W 047_sn_ho4_1T54

0 Fungel sp. 286 185 ibosomal R4 gene, paral sequence; intemal ftansiribed spacer 1, 5,53 ribosomal RA gene, and infetmal transeribed sparer 2, complete sequence; and 265 nbosomal RNA gene, parfil seq.
9 Mucor hiemelis £ hiemalis stain FAL 79 clone 1185 bosomal B4 gene, parfia sequenc infetmial fanscrbed spacer 1, 5:35 Ahosomal RNA gene, ind infetmal fanserbed spacer 2, complebe sequence ind 2.,
o hhucar hiemalis sfain FSUG 530 153 ibosomal RA gene, parfal sequence; intemal franscrbed spacer 1, 5.85 ibosoml RNA gene, and infemal transcibed spacer 2, complete sequence: and 255 bosomal R, .
4 im0 lgwes

 bhucar hiemalis 155 FRMA gene (parfial), 1734, 5.5 PRMA gene, IT52 and 285 PRMA gene (parfel), stain GBS 201.65

3 hhucar hiemalis colfure collection FSLUk 0V 29903 infetnal transcribed sparer 1, parfel sequence; 5.5 fbosomal R4 gene and intemal transcribed spacer 2, complet sequence; and 265 ibosomal RMA gens, Pl
9 bhurar hiemalis colfure collecfion FSLk 029902 155 bosomal RMA gene, parfial sequence; intumal tenschibed spacer 1, 5.55 fbosomal R4 gene, and intemal ranscribed spacer 2, complets sequence; and 2.
3 Mucor hiemelis culfune collecfion FSUSDEL 3871 indurmial franscribed spacer 1, parfial sequence: 5.53 ribosomal R gene ind infetmal fanscrbed spacer 2, complee sequence: ind 265 fhosomal BN aine, b
3 Mucor sp. BEA 2010 isolate B3 153 ribosomal R4 gene, parfial sequence, infernal fanscribed space 1, 585 fbosomal RMA gene, and indetmal fanscribed spacer 2, complebe saquence: ind 285 fbosomal BN .
i Wucar hiemalis culbure collecfion FAUDEU:10222 infemal franscribed spacer 1, parfial sequence; 5.8 ribosomal R4 gene and intetmal ranscribed spacer 2, complebe sequence; and 235 nbosomal RhA..
i 7 iucor hiemalis stain 25114 intemal tanscribed spacer 1, parfial sequence; 5,55 fibosomal RMA gune, complete sequence; and intemal ranscribed spacer 2, parfial sequence

0 Wucor sp. BEA 2010 isalde B2 135 ribosomal RNA gene, partal sequence; infermal franseribed spacer 1, 5.5 rbasomal R4 gene, and intemal frenscribed spacer 2, complte sequence: and 285 1.

& hiucor hiemalis colture collection FSUDEU 210221 infermal ranscrbed spacer 1, parfial sequence; 5.55 ibosomal RAA gene, complete sequence; and inbemal franscribed spacer 2, parfiel ssquence

| fingi | 32 esues

i b 1 uca sp. FJ0 indermal fanscbed spacer 1, parial sequence; 585 bosomal RS gene and intemil ranscribed spacer 2, complede sequence: and 285 ¢

<] fingi € leaves

1 4
L liter ascompcete stain it 136 infernal ranscribed spacer 1, paril seq.
9 &
& <] fingil + ees
<] fingi | 4 leaws

furai| 30 leawes
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>|_igb|EU721605.2 Enterobacter mori strain R18-2 16S ribosomal RNA gene,
sequence
Length=1285

Score = 952 bits (515), Expect = 0.0

Identities = 522/525 (99%), Gaps = 2/525 (0%)

Strand=Plus/Minus
Query 1 TCCCGRAA-GTT-AGCTACCTACTTCTTTTGCRAACCCACTCCCATGGTGTGACGGGCGGTG

AR R R R R R NN RN N AR RN RN RN R RRRRE
Sbjct 1261 TCCCGAAGGTTAAGCTACCTACTTCTTTTGCAACCCACTCCCATGGTGTGACGGGCGGTG

Query 59 TGTACAAGGCCCGGGAACGTATTCACCGTAGCATTCTGATCTACGATTACTAGCGATTCC

Freerrerreereerreererrerrtrereeertereeererereererererteertet
Sbjct 1201 TGTACRAGGCCCGGGAACGTATTCACCGTAGCATTCTGATCTACGATTACTAGCGATTCC

Query 119 GACTTCATGGAGTCGAGTTGCAGACTCCAATCCGGACTACGACGCACTTTATGAGGTCCG

CEREEREEEEE e e e e e e e e b e b e e e e ey
Sbjct 1141 GACTTCATGGAGTCGAGTTGCAGACTCCAATCCGGACTACGACGCACTTTATGAGGTCCG

Query 179 CTTGCTCTCGCGAGGTCGCTTCTCTTTGTATGCGCCATTGTAGCACGTGTGTAGCCCTAC

RN RN R RN RN NN R AR
Sbjct 1081 CTTGCTCTCGCGAGGTCGCTTCTCTTTGTATGCGCCATTGTAGCACGTGTGTAGCCCTAC

Query 239 TCGTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCAGTTTATCACTGGCAGT

FEEEEECEEEE e e e e e e e e e e e e e e e e e ee e e en
Sbjct 1021 TCGTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCAGTTTATCACTGGCAGT

Query 299 CTCCTTTGAGTTCCCGGCCGAACCGCTGGCAACAAAGGATAAGGGTTGCGCTCGTTGCGG

FEPEREEETEE e et e et et e et e e et bbb et e bbbt
Sbjct 961  CTCCTTTGAGTTCCCGGCCGAACCGCTGGCAACAARAGGATAAGGGTTGCGCTCGTTGCGG

Query 359 GACTTAACCCAACATTTCACAACACGAGCTGACGACAGCCATGCAGCACCTGTCTCAGAG

FEEEREEETEEr et e et e e et e e e et e r e b e e e e b e e e e
Sbjct 901  GACTTAACCCAACATTTCACAACACGAGCTGACGACAGCCATGCAGCACCTGTCTCAGAG

Query 419 TTCCCGAAGGCACCAATCCATCTCTGCTAAGTTCTCTGGATGTCAAGAGTAGGTAAGGTT

FELEEETELEr e e e e bbb e e e e e e e e e e e e e en
Sbjct 841  TTCCCGAAGGCACCAAACCATCTCTGCTAAGTTCTCTGGATGTCAAGAGTAGGTAAGGTT

Query 479 CTTCGCGTTGCATCGAATTARACCACATGCTCCACCGCTTGTGCG 523

RN R RN NN R R AR RN RN AR
Sbjct 781  CTTCGCGTTGCATCGAATTARACCACATGCTCCACCGCTTGTGCG 737
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58
1202
118
1142
178
1082
238
1022
298
962
358
902
418
842
478
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@lel|zR01a 4
enturobacteria| 3 leaves
Enfutobacter sp. 5315 165 tibosomal RiuA gene, parfial sequence
¢ Enterabacter sn. 4+ 2-C gene for 165 ibosomal Rz, parfial sequence
) pantoea 3p. ¥ 3 165 tibosomal RbA gene, parfial sequance
bt 2 legures
Suneulured Enterobacter sp. clone 017 165 Abosomal RMA gene, parfial sequence
3 Enterobiacter sp. PON3 165 fbosomal RWA gene, partial sequence
< eberobacteria | 2 leaves
Unicutured bacterium clone 5_d1 165 tibosomal RMA gene, parfial sequence
3 Brunculfured organism clane ELUOO23 T100 5 MIPC RAMAANE_D00337 small subunit ribosomal R4 .
g Unculured organism clone ELUOO2F T100 5 NIPC RAMANE_00031 1 small subunit ribosomal R4 .
Enterobacter sp. ICOE 24 165 tibosomal Rids gene, parfial sequence
9 Enterabiacter sp. 12R 165 Abasomal RNA gene, parfial sequence
W anderabacteria] 2 leaves
9 Enfurobacter ashuriae strain CO2 165 ibosomal RMA gene, partial sequence
Entetiobacter sp. BR3341 165 tibosomal RiA 9ene, parial sequance
Entetiobiacter sp. ICOE 25 165 fibosomal Ra gene, parfial sequence
i Enterobacter sp. MK 33 165 ribosomal RiA gene, parfial sequence
Uncuttured b tetium gene for 165 rRR, parfial sequence, clone: © KOG 06_tud_ A5+ E-40
1 Cedecea davisoe strain DK 4565 165 nbosomal RMA, parfial sequence
Enterobiacter sp. CTSP4 165 Abosomal RMA gene, partial sequence
U Cudecsarieter qene for 16 5 rRRIA, partial sequence, strein: WERC 105707
W Cedecen davisas gene for 165 rRNA, partial sequence, strain: NERC 105702
2 Enterobacter sp. TH2(2011) 165 rbosomal RAA gene, parfial sequence
enterobacteria | 5 leaves
o enterobacteria] 2 leaves
QUncuHured gamma priheoba: terum partial 165 rRRA gene, clone HP15252
[Uncultured Enterobactir sp. done GaG2 5 165 tibosomal RMA gene, parfial sequence
" Uncultured Enterobacter sp. clone GBG52 165 ribosomal RAA gene, parfial sequence
 Enferobacter sp. 4R19 165 fbosomal RNA gene, parfial sequence
9 Enterabacter asburiae isolate 5 B4 165 ibosomal Ria gene, parfial sequence
O Enterobacter aerogenes strain PE 54 165 rbosomal RNA gene, perfial sequence
9 Enferobacter asburiae strain K03 165 fbosomal R4 gene, parfial sequence
0 Enterobacter dloacae strain PO4 165 rbasomal RA gene, partial sequence
- enterobactedia | 2 leaves
'] Entutobacter sp. DIMAT 165 ibosomal RKA gene, partial sequence
J Enterobacter sp. S0PG127 165 fbosomal RidA gene, partial sequence
enterobachtia | 2 leaves
Enferobacter sp, enrichment culture clone GK1 165 ibosomal RRA gene, partial sequence
» Enterobacter asbutiae sttein DK20 165 ribosomal RMA gene, parfial sequence
% Enterobacter sp. sttein FGH19 165 Abosomal RA gene, partial sequence
@ 3Unculhmed bactetium clone Man3 165 fbosomal Rrl gene, parfial sequence
@ Enterobacter sp. Fur17a 165 nbosomal RWA gene, parial sequence
i Enterobacter sp. ZIUPD3 165 rbosomal RMA 9ens, parfial sequence
@ Enterobacter sp. ZIUPD4 165 rbosomal RMA 9ens, parfial sequance
Enferobacter sp. ZIUPDS 165 ribosomal RiA gene, parfial sequence
| Enerbiacter mor strin R16-2 165 fbosomal RkA gene, parfial sequence
4 Barterium 2ve2 165 Kbosomal RNA gene, partial sequence
(4 Bactedium 2ym3 165 ibosomal RHA gene, parial sequence
Uncultured b terium isolade DGGE el band 22 Fig.2 165 ibosomal RKA qene, partial sequence
Enfetobacter sp. CCEAL 15458 165 fbosomal Ra gene, partial sequence
Enferobacter mon sfrein DE2 165 ribosomal Rhia gene, parfial sequence
Pantoes sp. D M4012 165 ribosomal R4 gene, parfial sequence
Enterobacter sp. CY2 5 165 Hbosomal RbA gene, parfial sequence
FUnculfuted gamma profeobacteium clone w062 165 dbosomal A gene, parfial sequence
¥ Pantoes agalometans strein PUR 165 bosomal RidA gene, partial sequence
enfurobictria| 3 leawes
Endophiic bacteriim HEO2 165 Hhosomal RbA gene, parial sequence
Leclercia adecarborsdafa strain G107 165 ibosomal FMA gene, partial sequence
i Bacterium HLE-+ 165 rbosomal RNA gene, parfial sequence
Unicuured Cifrobacter sp. cone Gl sp- W16 163 ibosomal R4 gene, partial sequence
G Unculfured bacterium gene for 165 rRAA, parfial sequence, clone: 4101 121
{guncultured bacterium gene for 165 FRNA, parfial sequence, clane: 4101 K07
Unicuthured bacterium gene far 165 rRAA, partil sequence, clone: 410115
4 Bacteum HLE-1 165 Hbosomal RNA gene, parfial sequence
Pantoes 50, D4 F4 165 Hbosomal RMA 9ene, parfial sequence
1§ Enteroba teriaceae bactetiom LY 507 1635 ibosomal RA gene, parfial sequence
Endophiic bactedium GYPE1E 165 ribosomal b gene, parfal sequence
Enterobiacteriaceas bacetium U505 165 fbosomal RiA gene, parfial sequence
Bactetium GYPE 31 165 fbosomal R4 gene, parfial sequence
)Unculfured bacterium clone 513 165 tibosomal RhA gene, parfial sequance
[ Uncultured Enferobacter sp. chone MENUOT 165 Hbosomal R4 Jene, parfial sequence
Unculfuted bacterium gene for 165 rRrS, partial sequence, clone: 4101013
Uncubured bacterium gens for 165 rRWA, parfial sequence, clone: 4101 K04
(j Enferobacter sp. 2JUPDZ 165 Hbosomal RNA gene, partial sequence
Unculfuted bacterium gene for 165 ibosomal RMA, partial sequence, clane: cb
Unculfuted bacterium gene for 165 rRAS, parfial sequence, clone: 4101H15
Enterobacter sp. MOMAST 165 ribosomal RMA aene, parfial sequance
Leclettia adecathonate isolade PSEY 165 Hbosomal RA gene, parial sequence
Enferobacter sp. PR1 165 fibosomal RiA gene, partial sequence
1 Bacterium Zvm2 165 Hbosomal Rk gene, parial sequence
3 Bacterium 2ym1 165 rhosomal Rh gene, parfial sequence
Enfetobacter sp. W6 165 fbosomal RHA gene, partial sequence
anterobacteria) 2 laues
Unicufured bacterium gens for 165 rRMA, parfial sequence, clone: ..
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> | gb|AF291048.1|AF201048 Pseudomonas putida 16S ribosomal RNA gene, partial sequence
Length=150

Score = 942 bits (510), Expect = 0.0
Identities = 510/510 (100%), Gaps = 0/510 (0%)
Strand=Plus/Minus

Query 1 TACTTCTGGTGCAACCCACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACG 60

RN RN RN NN RN RN R R RN AR NN RN RN NNy
Sbjct 1425 TACTTCTGGTGCAACCCACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACG 1366

Query 61 TATTCACCGCGACATTCTGATTCGCGATTACTAGCGATTCCGACTTCACGCAGTCGAGTT 120

RN AR RN NN NN RN AR RN AN R RN RN AR AR AR
Sbjct 1365 TATTCACCGCGACATTCTGATTCGCGATTACTAGCGATTCCGACTTCACGCAGTCGAGTT 1306

Query 121 GCAGACTGCGATCCGGACTACGATCGGTTTTGTGAGATTAGCTCCACCTCGCGGCTTGGC 180

CEVEELEEE TR TR T e e e e e e e e e e e
Sbjct 1305 GCAGACTGCGATCCGGACTACGATCGGTTTTGTGAGATTAGCTCCACCTCGCGGCTTGGC 1246

Query 181  AACCCTCTGTACCGACCATTGTAGCACGTGTGTAGCCCAGGCCGTAAGGGCCATGATGAC 240

RN RN RN RN R RN R AR AR RN R RA AR ARRRRRRRARE
Sbjct 1245 AACCCTCTGTACCGACCATTGTAGCACGTGTGTAGCCCAGGCCGTAAGGGCCATGATGAC 1186

Query 241  TTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACCA 300

RN R AR RN AR RN RN RN R RRR RN RRY
Sbjct 1185 TTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCTCCTTAGAGTGCCCACCA 1126

Query 301  TAACGTGCTGGTAACTAAGGACAAGGGTTGCGCTCGTTACGGGACTTAACCCAACATCTC 360

RN RN AR RN R RN NN NN AR ARR R AR RN AR
Sbjct 1125 TAACGTGCTGGTAACTAAGGACAAGGGTTGCGCTCGTTACGGGACTTAACCCAACATCTC 1066

Query 361 ACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTCAGAGTTCCCGAAGGCACCAATC 420

RN RN RN RN RN RN RN RN NN R RN RR RN AR AN NN
Sbjct 1065 ACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTCAGAGTTCCCGAAGGCACCARTC 1006

Query 421  CATCTCTGGAAAGTTCTCTGCATGTCAAGGCCTGGTAAGGTTCTTCGCGTTGCTTCGAAT 480

RN RN RN RN RN RN RN R RN RN RN RN RN RO
Sbjct 1005 CATCTCTGGAAAGTTCTCTGCATGTCAAGGCCTGGTAAGGTTCTTCGCGTTGCTTCGAAT 946

Query 481  TARACCACATGCTCCACCGCTTGTGCGGCC 510

AR AR AR RN RN RN
Sbjct 945  TAAACCACATGCTCCACCGCTTGTGCGGCC 916

258



Q211914
Feudomarias pufida shein JGP4G 165 ribosomal RMA gene, parfial sequence
Lincuthured bacterium clane bk 121 165 fbosamal R gene, parfal sequence
o prodenbiacteria | 19 leaves
| o protenbactetia | 5 leawes
* g protechicteria ) 3 leaes
; Uncuthured soil bactetiom clane DLQDFOECS 165 Abosomal Rhi gene, parfial sequence
4 Uncutfured bacterium clone Mediom_B1 5 165 fibusomal RAA gene, parfil sequence
dUncultured Pseudamanas sp. partial 165 tRNA gene, isolade ELCORDS, clane A0B01ED1
Petdomanas 5. & MaA53 57 165 ribosomal R4 gene, pirfil sequence
o profeabiacteria ) % leaves
o profeabiacteria | & leaves
Pedomanias crematicolatada gene for 165 FRbe, parfial sequence, strn: MERC 16634
o protenbactetia | 10 lepes
 Uncultwred bacterivm clone 1H3C_34 16:5 ibasomal R gene, paril ssquence
2 Psendomanas sp. BR1(2011) 165 fbosomal RNA 9ene, parfil sequence
- Unculbured bactetium clone wisclane1 53 185 fbosomal Rhua gene, partial sequence
% Pssudamonas pufida strain G RIRENMZ011 165 rbasomal P4 gens, parfil sequence
3 Uncutfured soil bactium chone DLODFOBC31 165 bosomal R ene, parial sequence
Pseudomarias pufida gene for 165 FN A, parfial sequence, sttain: NERC 14671
o profeabactenia 4 leaes
o Unculfurid bacteium qune far 165 RN A, parfial suquence, clone: 12TCLNOST
Uncuthured Psendomanias sp. clone 1461975 165 Abosomal Riv gene, parfial sequence
1 o profeabactenia 2 leiss
4 Feudomanas pufida gene for 165 FRNA, parfial suquence, sttein: NERC 12996
o priofentiactera | 4 leaves
| Eaucterium enchiment culturs clane F10 165 ibosomal RNA 9ene, partial sequence
1 Psudomanas pufida stain A3 165 tbosomal R4 gene, parfal suquence
2 Pseudomangs pufida stein GRS 19165 ibosomal RNA gene, pirfal sequence
o Psudamangs 5p. CH2(2011) 165 fbosomal R gene, parfial sequence
¥ pssudamonas pufida shain 1539 165 Abasomal RNA gene, parfal sequence
| Patudomonas ufidshain 1569 163 ibosonal RN gene, paril seduence
3 Uncutfured bacterium clone igclone 5§ 165 ribosomal RNA gene pirfial sequence
3 Unculfured bacterium clone Wigclane 1 165 ribosomel RA gene, pirfidl sequance
o Unculfursd bacteium clome Wi3clane2? 165 ibosomal RNA gene, parfil sequence
Fseudomanias pufida strein B10 165 rbosomal Ra gene, parfial sequence
J Psendamanas sp. AMAAS330 165 bosomal RA gene, parfial sequence
5 Unculfured bacterium clane whclanet 31 163 rbosomal R4 aens, parfil sequence
o Uncultured bacterum clome wf3clane? 5 165 bosomal RS gene, parfial sequence
-} Uncuthured bacteriom clane wi2clone?d 165 Abosomal RRA gene, parial sequence
| Paeudaomongs pufida stain M36 165 fbasomal RA ens, pafial sequence
 Bacturium entchiment calfurs clane F12 165 ibosomel RNA 9ene, prtial sequence
o Uncultured bactetium clane wiGclaned? 165 rbosomal RR& gene, parial sequence
Faeudomanas pufida strin M5 SRFDS 165 fbosomal NS gene, parfil sequence
Lincutfursd bracterium clane bk 101 165 Abosamal RN 9eng, parfal sequence
1 Uncultured b terium clans b 67 165 Abosomal RhA ene, parial sequence
5 Feudomanias pufida strain ATCC 17390 165 ribosomal RNA gene, parfi sequence
Unculfured b terium clone bk 55 165 ribosomal FiA gene, partal sequence
i Uncultured b terium clans b 24 165 Abosomal RhA ene, partial sequence
1 Uncultured b terium clans b OF 165 Abosomal RhA ene, partial sequence
4 Uncultured Psudomanas sp. clane G135 > F11 165 Abasomal R gene, parfal sequence
1 pswudomonas cremoricolatadestrain 14 M 1541 165 Hbosomal R4, parfial sequence
g profenbactera) 2 leaes
Faeudamanas pufida 165 fbasomal R4 gene, parfil suquence
Unculfured gamma proteobiacterium partial 165 RN gene, clone 5154 iih7
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Appendix C

Manufacturer information of UV lamps

EL Series Ultraviolet Hand Lamps
User’s Guide

Introduction

The EL Series of Ultraviolet Lamps offer a uniform and intense source of ultraviolet light (radia-
tion). The lamps emit one of three UV wavelengths or white light in four watt, six watt and eight
watt configurations for exposure/illumination of materials. All EL Series Lamp models can be used
with the universal J138 Lamp Stand. The four watt models can be used with C-10E Cabinet for
viewing materials in a darkroom environment. Eight watt lamps can be used with the C-65 Cabinet.

Important Safety Information

Caution: Shortwave and midrange UV radiation will cause damage to unprotected eyes and skin.
Before operating any unit, be sure all personnel in the area are properly protected. UV Blocking
Eyewear should be worn as well. UVP has a complete line of UV Blocking Eyewear: Spectacles,
Goggles and Faceshield designed for this purpose.

Operation

Plug power cord into a properly grounded electrical outlet. The proper voltage of the lamp is found
on the product information label.

A rocker switch is conveniently located on top of the unit to turn the lamp on or off. For models
with multiple wavelengths, the rocker switch accommodates for the selection of wavelength or to
shut the unit off.
Each lamp comes with two UV tubes or one UV and one white light tubes; the UVLSM-38 is
equpped with three tubes. Models with two tubes of the same wavelength operate with both tubes
on at same time. Other models operate with only a single tube at one time.
Specifications
Physical dimensions for four, six and eight watt lamps:

Four watt lamps: 9.8”L x 2.5"H x 3.8”W (249 x 64 x 97 mm)

Six watt lamps: 11.9”L x 2.5"H x 3.8”W (302 x 64 x 97 mm)
Eight watt lamps: 14.9”L x 2.5”H x 3.8"W (376 x 64 x 97 mm)

YUVP
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Four Watt Lamp Specifications

Nominal
Model Wavelength Part Number Volts’fHz/Amp
95-0266-01 115/60/0.16
Uvs-14 254nm/White Light 95-0266-02 230/50/0.16
95-0266-03 100/50-60/0.16
95-0264-01 115/60/0.16
UVL-14 365nm/White Light 95-0264-02 230/50/0.16
95-0264-03 100/50-60/0.16
95-0269-01 115/60/0.32
Uvs-24 254nm 95-0269-02 230/50/0.32
95-0269-03 100/50-60/0.32
95-0267-01 115/60/0.32
UVL-24 365nm 95-0267-02 230/50/0.32
95-0267-03 100/50-60/0.32
95-0271-01 115/60/0.16
UVLS-24 365nm/254nm 95-0271-02 230/50/0.16
95-0271-03 100/50-60/0.16
Six Watt Lamp Specifications
Nominal
Model Wavelength Part Number Volts/Hz/Amp
C-10E Cabinet with 95-0274-01 115/60/0.16
four watt lamp UVS-16 254nm/White Light 95-0274-02 230/50/0.16
95-0274-03 100/50-60/0.16
95-0272-01 115/60/0.16
UVL-16 365nm/White Light 95-0272-02 230/50/0.16
95-0272-03 100/50-60/0.16
95-0273-01 115/60/0.16
UVM-16 302nm/White Light 95-0273-02 230/50/0.16
95-0273-03 100/50-60/0.16
95-0277-01 115/60/0.32
UVS-26 254nm 95-0277-02 230/50/0.32
95-0277-03 100/50-60/0.32
C-65 Cabinet with 95-0275-01 115/60/0.32
eight watt lamp UVL-26 365nm 95.0275-02 230/50/0.32
95-0275-03 100/50-60/0.32
95-0276-01 115/60/0.32
UVM-26 302nm 95-0276-02 230/50/0.32
95-0276-03 100/50-60/0.32
95-0279-01 115/60/0.16
UVLS-26 365nm/254nm 95-0279-02 230/50/0.16
95-0279-03 100/50-60/0.16
95-0278-01 115/60/0.16
Universal stand for all UVLM-26 365nm/302nm 95-0278-02 230/50/0.16
EL Series Lamps 95-0278-03 100/50-60/0.16
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Eight Watt Lamp Specifications

Nominal

Model Wavelength Part Number Volts/Hz/Amp

95-0200-01 115/60/0.16

Uvs-18 254nm/White Light 95-0200-02 230/50/0.16
95-0200-03 100/50-60/0.16

95-0198-01 115/60/0.16

UVL-18 365nm/White Light 95-0198-02 230/50/0.16
95-0198-03 100/50-60/0.16

95-0199-01 115/60/0.16

UVM-18 302nm/White Light 95-0199-02 230/50/0.16
95-0199-03 100/50-60/0.16

95-0249-01 115/60/0.32

uvs-28 254nm 95-0249-02 230/50/0.32
95-0249-03 100/50-60/0.32

95-0248-01 115/60/0.32

UVL-28 365nm 95-0248-02 230/50/0.32
95-0248-03 100/50-60/0.32

95-0250-01 115/60/0.32

UVM-28 302nm 95-0250-02 230/50/0.32
95-0250-03 100/50-60/0.32

95-0201-01 115/60/0.16

UVLS-28 365nm/254nm 95-0201-02 230/50/0.16
95-0201-03 100/50-60/0.16

95-0251-01 115/60/0.16

UVLM-28 365nm/302nm 95-0251-02 230/50/0.16
95-0251-03 100/50-60/0.16

95-0252-01 115/60/0.16

UVLMS-38 365/302/254nm 95-0252-02 230/50/0.16
95-0252-03 100/50-60/0.16

Changing the Replacement Tubes

Always disconnect the lamp from the electrical power source prior to replacing tubes. Remove the two Phillips Head Screws
located in the End Cap. Grasp the extruded housing and slide the chassis and filter out together away from the switch.
Disconnect the interior Molex Connector (see Figure 1) and slide chassis and filter out of the housing completely. Once out of
the extrusion, the chassis and filter will come apart. Carefully grasp the tube ends and twist one quarter turn until it works free
(see Figure 2). Insert the new tube, giving it a twist to lock in place. Reassemble the lamp. Be careful not to pinch wires during

assembly.
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Replacement Tubes and Switches

Replacement Part Part Number
Switch, On/Off 53-0134-01
Switch, On/Off/On 53-0135-01
Tube, 4 watt, 365nm 34-0005-01
Tube, 4 watt, 254nm 34-0066-01
Tube, 4 watt, white light 34-0003-01
Tube, 6 watt, 365nm 34-0034-01
Tube, 6 watt, 302nm 34-0044-01
Tube, 6 watt, 254nm 34-0015-01
Tube, 6 watt, white light 34-0063-01
Tube, 8 watt, 365nm 34-0006-01
Tube, 8 watt, 302nm 34-0042-01
Tube, 8 watt, 254nm 34-0007-01
Tube, 8 watt, white light 34-0056-01
Accessories

Accessories Part Number
J138 Lamp Stand 18-0063-01

C-65 Cabinet 95-0257-01
C-10E Cabinet 95-0072-08
Spectacles 98-0002-01
Goggles 98-0002-02
Faceshield 98-0002-04




Cleaning the EL Series Lamps

The painted surfaces and filter areas of the lamp should cleaned with a damp sponge or cloth towel and mild soap. Never use
abrasive cleaners, solvent based cleaners or scouring pads.

ALWAYS DISCONECT THE LAMP FROM THE ELECTRICAL POWER PRIOR TO CLEANING.
Maintenance/Repair/Technical Assistance

UVP offers technical support for all of its products. If you have any questions about the product’s use, operation or repair, call
or fax UVP Customer Service at the following offices:

In the US: Tel: (909)946-3197 or toll free (800)452-6788; Fax (909)946-3597; E-Mail uvp@uvp.com
Europe/UK:  Tel: +44(0)1223-420022; Fax: +44(0)1223-420561; E-Mail: uvp@dial pipex.com

A Returned Goods Authorization (RGA) number must be obtained from UVP Customer Service before returning any
products.

Warranty

UVP, Inc. warrants its EL Series Lamps to be free of defects in materials and workmanship for a period of one (1) year from
the date of purchase. Tubes and filters are warranted for a period of 90 days. If equipment failure or malfunction occurs durng
the warranty period, UVP shall examine the inoperative equipment and have the option of repairing or replacing any part(s)
which, in the judgement of UVP, were originally defective or became so under conditions of normal usage and service.

No warranty shall apply to this instrument, or part thereof, that has been subject to accident negligence, alteration, abuse or
misuse by the end user. Moreover, UVP makes no warranties whatsoever with respect to parts not supplied by UVP or that
have been installed, used and/or serviced other than in strict compliance with the instruments appearing in this manual.

In no event shall UVP be responsible to the end user for any incidental or consequential damges, whether foreseeable or not,
including but not limited to property damage, inability to use equipment, lost business, lost profits, or inconvenience arising
out of or connected with the use of instruments produced by UVP. Nor is UVP liable or responsible for any personal injuries
occurring as a result of the use, installation and/or servicing of equipment.

This warranty does not supersede any statutory rights that may be available in certain countries.
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2066 W. 11th Street, Upland, CA 91786 USA
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