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ABSTRACT
16S rRNA gene analysis has shown that bacterial diversity in the GAB bores studied
was limited to the genera Hydrogenobacter in the phylum Aquificae, Thermus in the
phylum Deinococcus-Thermus, Desulfotomaculum in the phylum Firmicutes, the

β-

α-,

and γ-classes of the phylum Proteobacteria and the phylum Nitrospirae. There

was no clone closely related to members of the

δ-proteobacteria

and

ε-

proteobacteria classes detected. The number of bacterial strains directly isolated
from the Fairlea and the Cooinda bores were far less than the numbers of
distinctive phylotypes detected by the 16S rRNA gene characterisation. In addition
none of the bacterial strains directly isolated from the water samples were
represented in the 16S rRNA gene clone libraries. Similar discrepancies between the
bacterial populations obtained from the 16S rRNA gene analysis and those obtained
from direct isolation have been reported in the literature (Dunbar et al., 1999;
Kampfer et al., 1996; Suzuki et al., 1997; Ward et al., 1998; Ward et al., 1997).
However, in general, the phyla with which the isolates were affiliated were the
same as those phyla to which the clones belonged.
The environmental changes introduced (by bringing the artesian water up to the
surface and exposing it to four types of metal coupons made of carbon steels
identified by codes ASTM-A53B, ASTM-A53, AS-1074 and AS-1396 and commonly
used in bore casings) led to changes in the bacterial community structures. In
general, the species which proliferated in the communities before and after the
changes were different. The diversity of the bacterial species in the community
decreased following the environmental changes. Clones dominating the clone
libraries constructed from newly established bacterial communities also differed
from the clones dominating the libraries constructed from the bacterial communities
which had existed naturally in the bores. These trends toward change in the
bacterial communities were observed at both the Fairlea and the Cooinda bore
sites.
All four metal types incubated in the Fairlea bore water lost between 3.4 and 4.7%
of their original weight. In contrast none of the metals incubated in Cooinda bore
water lost weight. Clone library A1 showed that the natural population of the Fairlea
bore was dominated by clone A1-3, which represented a novel species related to
the isolate boom-7m-04. But after metal incubation (and recording of the metal
weight loss), the bacterial community was dominated by clone PKA34B, which has a
95% similarity in its 16S rRNA gene sequence with Desulfotomaculum putei.
Desulfotomaculum species are known to cause metal corrosion due to their
byproduct H2S. But the low level of phylogenetic relatedness found does not provide
vi

enough information to speculate on whether the species represented by clone
PKA34B is a member of the genus Desulfotomaculum or not. However, the fact that
clone PKA34B dominated the PKA clone library by 50% makes the species it
represents a suspected candidate likely to be involved with the metal weight loss at
the Fairlea bore. In contrast, clone library 4381 showed that the natural population
of the Cooinda bore was dominated by clone 4381-15 representing a species
distantly related to a hydrogen oxidiser Hydrogenophaga flava (95% similarity).
The dominating clone of the new community formed after metal incubation was
clone COO25, which has 99% similarity with Thermus species that have not been
reported to be involved with metal corrosion to my knowledge.
In this project detection, identification and comparative quantification by 16S rRNA
gene-targeted PCR probing with probes 23B and 34B were successfully developed
for a Leptothrix-like species and for a Desulfotomaculum-like species represented
by clones PKA23B and PKA34B respectively. This method of probing permits a fast,
sensitive and reproducible detection, identification and at least a comparative
quantification of the bacteria in the environment without the need for culturing.
Therefore it is extremely suitable for use in bacterial population monitoring. PCR
probing with the 34B probe has a potential commercial use as a means of screening
for bores with a potential high risk of corrosion due to this Desulfotomaculum-like
species.
Direct isolation of bacteria from the GAB water has resulted in the isolation of seven
strains from the Fairlea bore and eight from the Cooinda bore. Among these
isolates, three novel strains were studied in detail. Reports on the characterisation
of strain FaiI4T (T=Type strain) from the Fairlea bore (Kanso & Patel, 2003) and
strain CooI3BT from the Cooinda bore have been published (Kanso et al., 2002).
The data generated during this project add to our current information and extend
our knowledge about the bacterial communities of the GAB’s sub-surface
environment. This information will provide a basis for further ecological studies of
the GAB. Studies on involvement of certain groups of bacteria with the corrosion of
metals used in bore casings could provide a foundation for further studies to
develop maintenance and managing strategies for the GAB bores.
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CHAPTER 1: INTRODUCTION
Diversity and classification of living organisms
The first classification system of living organisms that became widely accepted is
the five-kingdom system suggested by Robert H. Whittaker in the 1960s. The
system is based on at least three major criteria to classify living organisms. These
criteria include the cell type (prokaryotic or eukaryotic), level of organisation
(solitary, colonial unicellular organisation or multicellular) and nutritional type. The
five kingdoms are the Animalia, the Plantae, the Monera or Procaryotae, the
Protista and the Fungi. Major problems of this classification system include the lack
of distinction between eubacteria and archaeobacteria, the ill-defined boundaries
between the kingdoms Protista, Plantae and Fungi as well as the lack of usefulness,
taxonomically speaking, of the Protista, whose members are too diverse. In
attempts to develop a better system various alternatives have been suggested.
These include the six-kingdom system in which the Monera is divided into two
kingdoms, the Eubacteria and the Archaeobacteria, and the eight-kingdom system
in which there is further division of the kingdom Protista into several better-defined
kingdoms. In the eight-kingdom system Cavalier-Smith used the differences in
cellular structure and genetic organisation such as rRNA sequence characteristics in
classifying living organisms. He divided all organisms into eight kingdoms and put
them under two empires, the Bacteria and the Eucaryota. The empire Bacteria
consists of the Eubacteria and the Archaeobacteria. The empire Eucaryota consists
of two new kingdoms, the Archezoa (primitive unicellular eukaryotes with 70S
ribosomes but which lack the golgi apparatus, mitochondria, chloroplasts together
with peroxisomes such as Giardia) and the Chromista (photosynthetic organisms
with chloroplasts in the lumen of the rough ER rather than in the cytoplasmic
matrix) in addition to the former kingdoms Animalia, Protozoa, Plantae and Fungi,
whose definitions have also been better adjusted (Prescott et al., 1999).
The system currently widely accepted among bacteriologists is the three-domain
system proposed by Carl Woese and his coworkers (Woese et al., 1990). In this
system living organisms are divided into three domains or empires, the Archaea
(Archaeobacteria), the Eubacteria (Bacteria) and the Eucarya based on cellular and
phenotypic properties and phylogenetic relatedness of their rRNA sequences. Both
archaeobacteria and eubacteria do share some similar biochemical properties with
eukaryotes. Archaeobacteria and eubacteria are both prokaryotic, sharing similar
cell ultrastructures that differ from eukaryotes. Characteristics that make members
of the domain Archaea differ from members of the domain Eubacteria include the
lack of muramic acid in cell walls, the lack of thymidine in the T or TΨC arm of
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transfer RNAs, the processing of membrane lipids containing ether-linked branched
aliphatic chains and also the processing of distinctive RNA polymerase enzyme and
ribosomes in the Archaea group. The Eubacteria share with eukaryotes the
characteristic of having membrane lipids containing ester-linked straight-chained
fatty acids (Prescott et al., 1999).

Methods

of

classification

and

taxonomy

of

prokaryotes (Domains Archaea and Eubacteria)
Microbiology began with the study of pathogenic microorganisms causing disease
and sickness in humans, animals and plants. At that time microorganisms were
classified on the basis of simple phenotypic characteristics such as colony and cell
morphology. The method served the purpose well when the microbes studied were
low in numbers and limited to only certain groups of disease-causing organisms.
However, as the subject expanded, more microorganisms from various ecologies
were studied and more information was accumulated. Then the simple phenotypic
method of classification became too limited. The limitations were due mainly to the
fact that prokaryotic microorganisms are very small in size and their physical
appearances are not very diverse compared to eukaryotic counterparts such as
animals and plants. As modern technology became available more advanced
techniques were developed. Better methods of classification, which are also based
on phenotypic properties, were introduced. These included the classical phenotypic
analysis, numerical taxonomy (Sneath & Sokal, 1973), chemotaxonomy (Jones &
Krieg, 1984), phenotype-based typing methods and systematic classification
methods, all of which rely on the morphological, physiological and biochemical
characteristics of the cells. These methods of classification were referred to as
phenotypic classification methods. Classification systems based on the phenotypic
properties of microorganisms are very useful especially in practical aspects such as
identification and diagnosis. But phenotypic properties alone are not sufficient for
classifying microbes systematically and phylogenetically.
Alongside the use of phenotypic classifications, methods based on genotypic
properties of microbes were also developed. DNA is the information-storing
molecule in which all the information needed for a living cell is encoded. Logically
the unique characteristics and properties of different organisms would be the
results of their unique genomic DNA being expressed. Therefore examining the
properties of the genomic DNA would enable one to distinguish one particular
species from others. Determination of the molecular percentage of G+C content of
the whole genome of an organism is a long-accepted genotypic method used in
bacterial classification. The discovery of the use of the rRNA genes as an
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evolutionary chronometer by Woese dramatically changed microbial taxonomy
(Woese, 1987; Woese et al., 1990). By analysing these genes, the phylogenetic
relationships among all the species in the living world could be established and
hence the species could be systematically organised according to their evolution for
the first time. Methods based on determining properties of DNA and RNA molecules
are referred to as genotypic classification methods. In spite of the usefulness and
necessity of the genotypic information in prokaryotic classification and other fields
of microbiology, determining these properties requires sophisticated equipment,
which not every laboratory has. Therefore phenotypic methods continue to be
necessary, as they provide a basis for the practical aspects of bacteriology such as
bacterial identification, detection and diagnosis.

Polyphasic taxonomy
Neither phenotypic methods nor genotypic methods alone could provide enough
information to deal with classification in a meaningful and practical way. The
realisation of these drawbacks led to the use of both types of methods in
combination. The term “polyphasic taxonomy” is used to refer to the classification
system whereby phenotypic methods and genotypic methods are combined in order
to classify a species (Vandamme et al., 1996). Using this system, prokaryotes can
be classified according to their phylogenetic relationships with one another while
the phenotypic characteristics of microbes continue to provide the means of
identification, detection and diagnosis in practice. Polyphasic taxonomy is currently
widely accepted in the scientific community for bacterial classification.

Main phenotypic properties used in polyphasic taxonomy
The use of phenotypic properties to classify bacteria has long been established, as
mentioned earlier. Many of these phenotypic characteristics of bacteria have been
used in combination with genotypic characteristics to systematically group bacterial
species according to the polyphasic classification system. These include classical
phenotypic analysis and characteristics of cell wall composition, cellular fatty acids,
isoprenoid quinones, whole-cell protein analysis and polyamines (Vandamme et al.,
1996). Other than being used as components in the polyphasic classification
system, phenotypic properties have also been used to classify bacteria under
several other systems developed earlier. These include numerical taxonomy,
chemotaxonomy, automated systems of classification and typing methods relying
on several properties.
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Classical phenotypic analysis
Phenotypic properties of bacteria are commonly used to establish descriptions of
new taxa, from the subspecies level up to the family level. This information is
routinely gathered and used for practical identification of bacterial species.
Phenotypic characteristics of bacteria include morphological, physiological and
biochemical properties of bacterial cells. Morphological properties include both
cellular characteristics such as cell shape and form, endospore formation, flagella,
inclusion body and Gram staining properties as well as colonial characteristics such
as colour, dimension, shape and form of the colony. Physiological and biochemical
properties

include

growth

characteristics,

utilisation

of

various

substrates,

metabolism of certain compounds, production and secretion of various enzymes
and sensitivity to antimicrobial agents. Growth characteristics include temperature,
pH, salt concentration ranges and atmospheric conditions in which cells are able to
grow (Prescott et al., 1999).
All phenotypic characteristics are the expression of information encoded in genes
within the bacterial genomes. Similar phenotypic properties therefore would
logically be expressions of similar genotypic information. This is true in general.
However, this assumption has some drawbacks. The expressed products of these
genes are mostly unknown to us and are very much subjected to growth conditions.
This fact often makes it hard to accurately compare results from different
experiments and laboratories. Therefore this information has to be gathered in very
precise growth conditions to minimise the variations of results. In addition
phenotypic properties often do not tell the phylogenetic relatedness between
species. Apart from having evolved from the same ancestral origin, similar
phenotypic traits may be the results of other events such as convergent evolution
and lateral gene transfer (Gillis et al., 2001).

Cell wall composition
According to their Gram staining characteristics bacterial cells are divided into two
groups, Gram positive and Gram negative, depending on their cell wall structures.
Gram positive type cell walls are composed of various types of peptidoglycan, which
can be specific to certain species or to members of a certain genus. Therefore
analysis of cell wall composition has traditionally been used in classifying Gram
positive bacteria. However it is not useful in the case of Gram negative bacteria
because the peptidoglycan in Gram negative cell walls is very much the same,
hence providing little or no discriminative information (Schleifer & Kandler, 1972).
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Cellular fatty acid
Cellular lipids and lipopolysaccharides are composed mainly of fatty acids. Polar
lipids are the main constituents of the lipid bilayer of bacterial cell membranes.
Lipopolysacharides are found in the outer membranes of Gram negative bacteria.
Fatty acid varies highly in chemical structures. This variation includes the length of
the side chain, the position of double bonds and substituent groups. The variability
in structure of fatty acids makes them a useful cell component for classification and
identification of bacteria. Analyses of total cellular fatty acids as well as analysis of
certain fractions such as polar lipids have also been used for bacterial classification
(Vandamme et al., 1996).

Isoprenoid quinones
Isoprenoid quinones are found in the cell membrane of bacterial cells. They are
involved in the important cellular functions of electron transport, oxidative
phosphorylation and active transport. They are divided into two groups, the
naphthoquinones and the benzoquinones, according to their structures. The
variability in structure of these isoprenoid quinones includes their length, their
saturation and the hydrogenation of their side chains. These differences are used to
help classify bacterial species (Vandamme et al., 1996).

Whole-cell protein analysis
Closely related species are expected to produce similar kinds of cellular proteins
under similar growth conditions because such phenotypic properties are the
reflection of their genetic makeup (Jones & Krieg, 1984). Comparison of whole-cell
protein patterns generated after sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) has been very useful in grouping large numbers of
closely related bacterial strains. Whole-cell protein analysis gives very reliable
results, which also correlate with results from DNA: DNA hybridisation experiments.
However, its use in general identification is limited only the to species and sub
species levels, due to the small amount of discriminative information it provides
across higher taxonomic ranks (Vandamme et al., 1996).

Main genotypic properties used in polyphasic taxonomy
The genotypic properties of bacteria refer to all properties of bacteria other than
their phenotypic properties. These genotypic properties commonly refer to the
characteristics of bacterial DNA and RNA molecules as well as plasmid DNA. These
include the DNA base ratio (mol% G+C), genomic DNA relatedness evident in
DNA:DNA hybridisation, rRNA genetic relatedness and various other sequence
similarities determined by various DNA-based typing methods. Genotypic molecules

5

have the advantages of reliability and stability as markers because growth
conditions and environmental conditions do not affected them. Methods used to
determine these genotypic properties are also fast. Automated systems have been
developed for the determination of many of these properties (Gillis et al., 2001).

DNA base ratio (mol% G+C)
The DNA base ratio (mol% G+C) of the whole genome of a species is a classical
genotypic property used in bacterial classification. It is regarded as a necessary
part of the standard description of bacterial taxa. Mol% G+C is commonly
determined

either

by

high-performance

liquid

chromatography

or

thermal

denaturation methods (De Ley, 1970). Since a genome is made up of the
combination of the four nucleotides, if the mol% G+C values of two genomes are
remarkably different the make up of the genomes must be different and the two
species having those genomes must be different from one another. However, it can
not be assumed that any two species are closely related if their genomes have the
same or similar mol% G+C values because similar values can result from totally
different nucleotide arrangements within different genomes. Mol% G+C values
between 24-76% have been observed for bacterial species. The value generally
varies within 3% and 10% differences among members of the same well-defined
species and genus respectively (Stackebrandt & Liesack, 1993).

DNA:DNA hybridisation
DNA:DNA hybridisation techniques are based on the similarities of DNA sequences
making up entire genomes. A unique property of DNA molecules is that under
certain conditions, such as high temperature or pH, they become denatured and
when suitable conditions resume the double-stranded structure re-forms. The term
“denaturation” is used to refer to the dissociation of the double-stranded structures.
“Renaturation” is used to describe the re-association of the two single strands of
DNA to resume the double-stranded duplex. When denatured DNA from two
different species are mixed, a heterologous duplex consisting of one strand from
the first species and another strand from the second species also forms. However,
the formation of a heterologous duplex is possible only when there is a degree of
similarity between the nucleotide sequences of the two genomes, allowing duplex
formation between the complementary strands. Depending on the nucleotide
composition in a native DNA molecule and the degree of complementarity in the
case of a heterologous duplex, double stranded DNA duplexes have unique thermal
stabilities. “Thermal stability” is the property determined by measuring a strand’s
separation during heating. Its value is referred to as Tm(e). By measuring the
difference of thermal stabilities of the two duplexes, native and heterologous, the
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degree of relatedness between two native genomes can be indirectly determined. It
is widely accepted that for every 1% of miss-pairing in the heterologous duplex,
there is a decrease of 1-2.2% of thermal stability (Bautz & Bautz, 1964;
Stackebrandt & Goebel, 1994). However at present, the percentage DNA binding in
DNA:DNA hybridisation cannot be converted into percentage similarity of the DNA
sequence making up the entire genome. It is also hard to speculate whether the
thermal stabilities obtained from oligonucleotide forms would resemble those of the
entire molecule of the genome (Vandamme et al., 1996).

The relatedness of rRNA genes
This method is based on unique properties of ribosomal RNA (rRNA) molecules.
Ribosomal RNAs are present in significant amounts in all organisms across broad
phylogenetic distances and readily extracted from all living cells. Functionally they
are very conserved. They play vital and constant roles in providing structural
frameworks for translation and cell protein synthesis. Throughout the evolution of
all genomes they have changed very slowly. Certain parts of the rRNA genes are
more conserved, allowing homologous regions to be aligned. Other parts vary
more, making it possible for comparisons to be made between the corresponding
regions of the same gene in different species. These properties make the molecule
ideal as an evolutionary chronometer (Olsen et al., 1986).
Three types of rRNA are found in bacteria. These are 5S, 16S and 23S, which are
made up of about 120, 1600 and 3000 nucleotides respectively. The first molecule
studied was 5S because it has the smallest size and requires only limited
sequencing technology. However, as the molecule is small, the information
obtained from it is also limited and not adequate. As better sequencing technology
become available the 16S rRNAs began to be heavily studied.

Because of their

moderate size, the 16S rRNAs provide enough information for analysis and yet they
are not too large for rapid sequencing. The 23S rRNAs have also been studied
widely in recent years. As they are large in size, even more information can be
obtained from studying them. The number of reference sequences in the 23S
ribosomal database has been growing rapidly, although their database is not as
large as the database of 16S rRNA reference sequences (Olsen et al., 1986).

DNA-based typing methods
DNA-based typing, as the name suggests, refers to methods of analysing patterns
of DNA fragments usually generated from restriction enzymatic digestion of larger
DNA molecules such as a whole bacterial genome, plasmid and certain genes such
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as the rRNA genes. Following restriction enzymatic digestion of genomic DNA
molecules

the

fragments

generated

are

visualised

and

separated

by

gel

electrophoresis. The patterns of DNA bands generated are then analysed by
comparing with patterns generated from DNA molecules from other species. A
disadvantage of the DNA typing of entire genomes is that the patterns of fragments
generated are often too complex and can scarcely be compared. Recently the
analysis of DNA banding patterns has been improved by using a technique called
low-frequency restriction fragment analysis. This method is based on the same
principle but the restriction enzymes used to digest DNA are rare cutters,
recognising a specific nucleotide combination of six to eight bases. As a result, the
digested fragments generated are very much larger in size and cannot be separated
by conventional gel electrophoresis. The fragments have to be separated and
visualised using an advanced technique called pulsed-field gel electrophoresis. The
technique of genomic DNA typing is nowadays regarded as the most discriminatory
DNA-based typing method. Plasmid DNA-based typing has it drawbacks. The
plasmids are not always present in all species and cells do not always keep their
plasmids. Plasmids are also transferable between bacterial species. Therefore not
all plasmids are reliable for use to identify their bacterial hosts (Vandamme et al.,
1996).
DNA-based typing of the enzymatic digested PCR products of rRNA genes can be
done in contrast to the laborious sequencing of the genes. The method usually
yields patterns specific at the species level. This method has the advantage of being
rapid. More samples can be processed within a short period of time. This technique
has been reported to give a precise outcome compared to results from directly
sequencing the genes (Byers et al., 1998). DNA-based typing methods have also
been used to analyse intact PCR-amplified rRNA genes from mixed populations of
bacteria without enzymatic digestion. With the use of advanced pulsed-field gel
electrophoresis techniques, large DNA molecules can be separated and analysed.

Diversity in the domain Eubacteria
Bacteria are extremely diverse in so many aspects including physiology, growth and
metabolic mode, oxygen requirement and conditions required for growth such as
temperature, pH and availability of certain nutrients. Systematic bacteriology deals
with organising bacterial strains into groups in a systematic way according to
various characteristic properties they possess. It is dynamic and has been
constantly subjected to changes and modifications in efforts to improve it. New
species and taxa have constantly been described, adding to the bacterial list. For
this reason some species or even higher taxa may be transferred to a newly
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described taxon with more suitable descriptions. Described taxa may be merged
together forming a more coherent arrangement. High rank taxa may be subdivided
or even raised to a higher rank. Based on the 16S rRNA analysis, the Eubacteria are
divided into over twelve major groups (Figure 1.1) (Prescott et al., 1999; Maidak et
al., 2001). According to the second edition of Bergey’s Manual of Systematic
Bacteriology, members of the domain Eubacteria includes some 4,000 bacterial
species assigned to at least 941 validated genera and organised into the 23 phyla
briefly summarised in the next section.

Taken from the ribosomal Database Project (Maidak et al., 2001).

Figure 1.1: Phylogeny of the major groups in the Eubacteria.
The tree is based on the 16S rRNA gene sequences comparison.
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Brief information on phyla whose members were
related to this study
Phylum Aquificae
Members

of

the

hyperthermophiles

phylum
isolated

Aquificae
from

are

heated

Gram-negative
environment

thermophiles

such

as

a

or

marine

hydrothermal area and the Yellowstone National Park. Their cells are rodshaped or
filamentous. They grow chemolithoautotrophically or chemoorganotrophically with
optimum growth temperatures between 65°C and 85°C. Most species are anaerobes
with ability to reduce nitrate, but some are microaerophiles and aerobes capable of
oxidizing hydrogen (Reysenbach, 2001a; Huber et at., 1992; Stohr et at., 2001).
Currently phylum Aquificae contains seven genera arranged into two families. The
family

Aquificaceae

is

made

up

of

four

genera

which

includes

Aquifex,

Hydrogenobacter, Hydrogenobaculum and Thermocrinis. According to phylogenetic
analysis based on the rRNA genes, members of this family are among the deepest
branches in the bacterial phylogenetic tree (Burggraf et al., 1992; Pitulle et al.,
1994). The family Hydrogenothermaceae also contains three deep-branching
genera, which are Persephonella (Gotz et al., 2002), Hydrogenothermus (Stohr et
al., 2001), and Sulfurihydrogenibium (Takai et al., 2003). Persephonella species are
phylogenetically placed as a distinct lineage within the Aquificales due to a low
similarity (85%) in the 16S rRNA sequence to the Aquifex pyrophilus, a member of
the family Aquificaceae (Gotz et al., 2002). The phylum Aquificae also provisionally
accommodates the genus Desulfurobacterium, which may represent an undescribed
phylum. The type species D. thermolithotrophum is a sulphur-reducing bacterium
isolated from a deep-sea hydrothermal chimney collected at the mid-Atlantic ridge.
Phylogenetically D. thermolithotrophum formed a branch with equidistant from
members of the orders Aquificales and Thermotogales (L'Haridon et al., 1998).

Phylum Deinococcus-Thermus
This phylum contains three genera, Deinococcus, Thermus and Meiothermus. An
important characteristic of members of the genus Deinococcus is their resistance to
ionizing radiation (Ferreira et al., 1997). Deinococcus species are either mesophiles
or thermophiles. Thermophilic species are found in hot springs. Thermus species
are thermophilic aerobes with a strict respiratory metabolism. They are widespread
and commonly isolated from both natural and man-made thermal habitats such as
hot water tanks, compost heaps (Beffa et al., 1996) and thermal springs. Most
Thermus species have yellow pigmented colonies except a few strains that are
colourless. Their cells are rods or filaments with varied lengths. Large spheres of
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“rotund bodies” consisting of small cells packed together are commonly observed
especially in aging cultures. Meiothermus species are also found associated with
thermal habitats but they grow at temperatures lower than those that Thermus
species do. Their cells are not distinguishable from Thermus species but the
formation of the characteristic rotund bodies has not been observed in members of
the genus Meiothermus (Brock & Freeze, 1969; Brock & Madigan, 1991; Loginova
et al., 1984; Sharp & Williams, 1988).

Phylum Nitrospirae
Members of the phylum are metabolically diverse and grouped together on the
basis of their phylogeny. The phylum Nitrospirae is divided into four genera under
the same family, the Nitrospiraceae (Garrity & Holt, 2001a). The genus Nitrospira
contains a distinct group of species capable of oxidising nitrite to nitrate.
Phylogeny, morphology and ultrastructure of Nitrospira species are very different
from those nitrite oxidisers that belong in the phylum Proteobacteria. Habitats of
the Nitrospira species include marine environments, heating systems, freshwater,
soil and activated sludge (Watson et al., 1986). The genus Leptospirillum contains
obligate chemolithotrophs that oxidise ferrous iron in a reaction coupled to carbon
dioxide fixation (Hippe, 2000; Spieck & Bock, 2001). Leptospirillum species are also
obligate acidophiles growing optimally at a pH of 1.3-2. Their habitats are
environments with high acidity and metal content such as metal and coal mines.
They constitute a major part of the microflora used in biomining (Johnson, 2001).
Members of the genus Thermodesulfovibrio are thermophilic anaerobes growing at
the temperature of 40-70°C with optimal growth at 65°C. They are capable of
growing

chemoorganotrophically

and

fermentatively

as

well

as

growing

dissimilatorily by reducing sulfate. Organic substrates are oxidised to acetate and
sulfates are reduced to sulfide. Thermodesulfovibrio species have been isolated
from hot springs (Henry et al., 1994; Sonne-Hansen & Ahring, 1999). The genus
“Candidatus Magnetobacterium” is represented by “Candidatus M. bavaricum”,
which is phylogenetically very distant from most bacterial taxa. It is distantly
related

to

the

three

genera

of

the

family

Nitrospiraceae,

having

Thermodesulfovibrio yellowstonii as the closest validated taxon (87% similarity in
their 16S rRNA gene sequences). The main phenotypic characteristic is the
accumulation of magnetite in their cells. “Candidatus M. bavaricum” was isolated
from freshwater sediments (Spring et al., 1993; Spring & Schleifer, 2001).
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Phylum Proteobacteria
Proteobacteria currently constitute the largest phylogenetically coherent taxon in
the domain Eubacteria. It contains more than 1300 validated species assigned to
384 genera within five different classes, α-proteobacteria, β-proteobacteria, γproteobacteria, δ-proteobacteria and ε-proteobacteria. All of these are thought to
have evolved from the same phototropic ancestors. Originally members of this
phylum were phenotypically grouped together on the basis of their ability to form
one or more types of bacteriochlorophyll and to generate ATP using light. However
the majority of species members have been placed into this phylum on the basis of
their close phylogenetic relatedness in spite of the absence of ability to produce
bacteriochlorophyll. Phototrophic members of the Proteobacteria include mesophiles
and moderate thermophiles growing at an optimal temperature between 30°C and
70°C. They are found in the deeper parts of lakes and thermal springs where
anaerobic conditions form and yet light still penetrates. The majority of the nonphototrophic species are logically found in environments where light is absent.
In the presence of light, species capable of producing photosynthetic pigments grow
phototropically only under anaerobic conditions because the production of the
bacteriochlorophyll is inhibited by the presence of oxygen. Photoautotrophic growth
using CO2 as a sole carbon source is very common among the phototrophic
members, providing that reduced compounds are available in their environment in
addition to the CO2. Under these conditions a reduced sulfur compound such as H2S
or thiosulfate, H2 or an organic compound such as succinate, malate or butyrate is
used as a source for reducing power needed for fixing CO2 into cell materials.
Photoheterotrophic growth using light as an energy source and an organic
compound instead of CO2 as a major carbon source is also possible. Under
microaerobic conditions some species grow lithotrophically using a reduced sulfur
compound or H2 as an electron donor with O2 as an electron acceptor. While all
hydrogen oxidizing bacteria can also grow on organic compounds, only some
species can grow lithoautotrophically on C02. Members of the genera Alcaligenes
and Pseudomonas are examples of species commonly growing lithotrophically as H2
oxidisers. In the absence of light, some groups of the Proteobacteria can also grow
organotrophically using an organic compound as an electron donor, providing that
there is an electron acceptor available. Commonly oxygen is used as an electron
acceptor and the cells carry out aerobic respiration. In contrast, when nitrate,
sulfur, sulfate, thiosulfate, or in some bacteria a metal ion such as Fe(III) or Mn(IV)
is used as an electron acceptor, the process is called anaerobic respiration. Strictly
anaerobic

species

capable

of

growing

entirely

on

organic

compounds

by

fermentation have also been known (Brock & Madigan, 1991).
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Phylum Firmicutes
At present the phylum Firmicutes is divided into three classes, namely the
Clostridia, the Mollicutes and the Bacilli (Garrity & Holt, 2001a). The phenotypic
characteristics of members of the phylum Firmicutes are diverse including members
that are both Gram negative and Gram positive, non-sporulating and endosporeforming, aerobic and anaerobic, mesophilic, thermophilic and hyperthermophilic,
organotrophic and phototrophic, gliding, dissimilatory sulfate- or sulfite-reducing as
well as symbiotic and parasitic to eukaryotic species. Some of these characteristics
overlap those of other phyla such as the Proteobacteria (Ahmad et al., 2000;
Gibbons & Murray, 1978; Madigan, 2001).

Brief information on other phyla in the domain
Eubacteria (Bacteria)
Phylum Thermodesulfobacteria
Members of the phylum Thermodesulfobacteria are Gram-negative thermophiles.
They are strict anaerobes growing chemoheterotrophically with a dissimilatory
sulfate reducing metabolism. Hydrogen, lactate and pyruvate are oxidised in a
reaction coupled to the reduction of sulfate to sulfide. Their cells are rod-like in
shape and their outer membranes form blebs or protrusions. Currently the phylum
contains only three genera with Thermodesulfobacterium as a type genus and T.
commune as a type species (Zeikus et at., 1983). This group of bacteria has been
isolated from thermal springs and hot oil reservoirs.

Phylum Thermotogae
The phylum Thermotogae consists of Gram-negative, non-sporulating rods. They
are strictly anaerobic heterothophs capable of reducing thiosulfate and/or elemental
sulfur. They grow on a broad range of organic compounds. Their cells produce a
sheath-like outer layer referred to as a “toga” (Huber & Stetter 1992).
Phylogenetically, this phylum branches deeply in the vicinity of the phylum
Aquificae (Reysenbach, 2001b).

Phylum Chrysiogenetes
The Phylum Chrysiogenetes currently contains only one species, Chrysiogenes
arsenatis. The cells are curved rods and very motile by means of a single polar
flagellum. The strain is a strict anaerobe using respiratory metabolism. They oxidise
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acetate to CO2 and reduce sodium arsenate to arsenite. C. arsenatis was isolated
from an arsenic-contaminated field associated with a gold mine in Ballarat,
Australia (Macy et al., 1996).

Phylum Chloroflexi
This phylum consists of Gram-negative filamentous bacteria showing gliding
motility. Members of this group were put together according to their phylogenetic
relatedness based on their 16S rRNA gene sequence analysis. Phenotypic
characteristics shared among all members are the absence of lipopolysaccharide in
their outer cell membranes, the replacement of meso-diaminopimelic acid with Lornithine in polysaccharides and a peptidoglycan complex. The phylum is divided
into two orders (Garrity & Holt, 2001b). The order Chloroflexales contains species
capable of anoxigenic photosynthesis or at least capable of producing some types of
bacteriochlorophyll.
thermophiles

Members

isolated

from

of

this

fresh

order
water

include
and

hot

both

mesophiles

springs.

The

and
order

Herpetosiphonales is represented by the genus Herpetosiphon, which contains
species that do not produce bacteriochlorophyll and hence are not capable of
photosynthesis. Herpetosiphon species are isolated from fresh water and soil (Holt
and Lewin, 1968; Castenholz, 2001).

Phylum Thermomicrobia
This phylum is represented by a single species Thermomicrobium roseum.
Phylogenetically it is distantly related to the phylum Chloroflexi. T. roseum
possesses atypical cell walls composed mainly of protein and lacking peptidoglycan.
Extracted cell wall proteins contain very high amounts of glycine, proline, glutamic
acid and alanine. The cell wall composition of this species is unique and regarded as
a significant characteristic, although the functional roles of these proteins are not
known. T. roseum

is an obligately aerobic hyperthermophile. It grows at the

temperatures of 45-80°C with an optimum temperature of 70-75°C. It was isolated
from Toadstool Spring in Yellowstone National Park, U.S.A (Merkel et al., 1980;
Garrity & Holt, 2001f).

Phylum Deferribacteres
The phylum Deferribacteres forms a distinct lineage in the bacterial phylogenetic
tree. Its members have also been grouped together mainly on the basis of their
phylogenetic relatedness. However, the relationships among themselves within the
phylum are rather distant and further subdivision will take place as more strains are
isolated and described. Currently

this phylum

contains

four genera,

each
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represented by a single species. The genus Synergistes is put under this phylum
provisionally, awaiting the discovery of other closely related strains for further re
classification (Garrity & Holt, 2001c). The genus Deferribactor is represented by D.
thermophilus, an anaerobic thermophile isolated from an oil field with both high
temperature and exposure to seawater. D. thermophilus grows on complex organic
substrates by a reaction coupled to the reduction of Fe(III), Mn(IV) and nitrate.
Optimal growth occurs at 60°C (Greene et. al., 1997). Geovibrio ferrireducens, the
representative of the genus Geovibrio, is also capable of reduction of S° and Co(III)
in addition to Fe(III). G. ferrireducens forms a separate line of descent with
Flexistipes sinusarabici within the Eubacteria domain. F. sinusarabici, a type species
of

the genus Flexistipes, is a fermentative, slightly thermophilic halophilic

bacterium isolated from the Red Sea (Fiala et al., 1990).

Phylum Cyanobacteria
Characteristics shared among all members of the phylum Cyanobacteria are the
procession of two photosystems, PSII and PSI, and the use of H2O as the electron
source for oxygenic photosynthesis. All species contain chlorophyll a and are
capable

of

photoautotrophic

chemoheterotrophic

growths

are

growth,
also

although

common

photoheterotrophic

among

many

species.

and
The

morphology and life cycles of this group are very complex. Currently the phylum is
subdivided into five subsections, which are equivalent to orders, solely according to
their phenotypic characteristics such as cell morphology, mode of reproduction and
cell differentiation. Polyphasic taxonomy has not been successfully applied to the
classification of this group (Garrity & Holt, 2001d; Staley et al., 1989).

Phylum Chlorobi
According to the second edition of the Bergey’s Manual of Systematic Bacteriology,
this phylum contains obligate phototrophic anaerobic bacteria carrying out
anoxygenic photosynthesis. Members of this phylum contain bacteriochlorophyll c, d
or e as a major photosynthetic pigment as well as a small amount of
bacteriochlorophyll a. The anoxic zones of lakes and lagoons where light penetrates
are their natural habitats. Phylogenetically this group is related to the class
Flavobacteria of the phylum Bacteroidetes (Garrity & Holt, 2001e). More recent
research indicates that this morphology-based taxonomic classification of members
of the phylum Chlorobi does not agree with their phylogeny based on the 16S rRNA
gene and the fmoA gene sequences. Suggestions have been made toward further
re-classification of this phylum (Alexander et al., 2002).

15

Phylum Actinobacteria
The Actinobacteria consist of bacterial strains with highly diverse morphology and
physiology but the diversity of the 16S rRNA gene sequences are rather low
compared to other phyla. The classification within this phylum is based on the
morphological characteristics. Their cells can be rods (straight or curved) 0.2-1.0
µm in diameter or filaments with true branching and 10-50 µm or more in length.
Members of the Actinobacteria are facultative anaerobes with chemoorganotrophic
growth and fermentative metabolism. Carbon dioxide is required for maximum
growth. They are found naturally in the human and animal oral cavity and can be
isolated from dental plaque and saliva. Many strains are pathogenic, causing
various diseases in humans and animals. Actinomycoses, ocular infection and
periodontal disease are some of the most common human diseases caused by
members of the genus Actinomyces (Stackebrandt et al., 1997; Schaal, 1986).

Phylum Planctomycetes
Planctomycetes are natural inhabitants of both freshwater and marine origin and
they are often found associated with algae and cyanobacteria. Their cells are Gramnegative with spherical, ovoid or bulbiform shapes. They possess at least one major
multifibrillar appendage, which often has holdfast attached on the distal end. Cell
aggregations of rosettes and bouquets are formed by joining at the holdfast. Cells
multiply by budding. Phylogenetically this group of bacteria is distantly but
consistently related to the phylum Chlamydiae (Griepenburg et al., 1999; Starr &
Schmidt, 1989).

Phylum Chlamydiae
Members of the phylum Chlamydiae are obligately parasitic bacteria causing various
diseases in birds and mammals including humans. They multiply only within
mammalian and avian host cells. Phenotypically they are non-motile Gram-negative
or Gram-variable coccoids with the cell walls lacking muramic acid. Their cell
morphology is extremely pleomorphic, such that it can only be described within the
context of the cell cycle. During multiplication the small elemental bodies 0.2 - 0.4
µm in diameter gradually change to larger reticulate bodies 0.6-1.54 µm in
diameter, followed by cell division by fission. The elemental bodies are infectious,
while the reticulate bodies are specialised for intracellular multiplication (Moulder,
1984). According to recent evolution studies members of this phylum are
phylogenetically

divided

into

four

families

the

Chlamydiaceae,

the

Parachlamydiaceae, the Simkaniaceae (Bush & Everett, 2001; Everett et al., 1999)
and the Waddliaceae (Rurangirwa et al., 1999).
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Phylum Spirochaetes
Members of this phylum have characteristic of helical cells which are highly flexible.
Their cells are 0.1-0.3 x 5-250 µm and possess multilayer outer cell envelopes that
surround the cell wall and cell membrane complex. Cells are motile by unique
periplasmic flagella or endoflagella, which are permanently located endocellularly
between the outer cell envelopes and the cell membrane-cell wall complex. Each
cell contains from two to more than a hundred endoflagella. Members of this
phylum are natural inhabitants of aquatic environments such as sediments,
marshes, ponds, lakes and rivers or the digestive tracts of humans and animals
such as the human oral cavity and the termite gut. Many members of this phylum
are pathogenic (Canale-Parola, 1984). The phylum has been phylogenetically
demonstrated to be monophyletic based on the 16S rRNA sequence analysis. It
contains over 200 species arranged into nine genera under three families, the
Spirochaetaceae, the Brachyspiraceae and the Leptospiraceae (Paster & Dewhirst,
2000).

Phylum Fibrobacteres
Members of the phylum Fibrocateres are Gram-negative obligate anaerobes with
chemoheterotrophic growth. Their cells are rod shaped or pleomorphic. The phylum
is currently represented by a single genus, Fibrobacter. Phylogenetically they form
a distinct lineage and have distant relationships with the phyla Spirochaetes and
Chlamydiae.

Fibrobacter

species

are

inhabitants

of

herbivorous

mammals

(Montgomery et al., 1988)

Phylum Acidobacteria
Currently the phylum Acidobacteria is made up of two distinct groups of bacteria
that

possess

different

phenotypic

characteristics.

Members

of

the

genus

Acidobacterium are Gram-negative, aerobic, nonsporeforming rods. They are acid
tolerant mesophiles with chemoheterotrophic growth. Members of the genus
Geothrix

are

Gram-negative,

anaerobic

rods

with

anaerobic

respiration

or

fermentative metabolism. Phylogenetically, members of the Acidobacteria also fall
into two groups. The Acidobacterium species is located near the Firmicutes while
the Geothrix species is found in the vicinity of the phylum Proteobacteria.
(Kishimoto et al., 1991; Coates et al., 1999).

Phylum Bacteroidetes
Members of this phylum are organised into three classes, the Bacteroidetes, the
Flavobacteria and the Sphingobacteria. These groups of Gram-negative bacteria are
highly diverse in their phenotypes, some of which are similar to the phenotypic
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characteristics

of

other

phyla.

Members

of

this

group

include

aerobes,

microaerophiles, facultative and obligate anaerobes, fermentative bacteria, gliding
bacteria, sheathed bacteria, saprophytes and symbionts of various invertebrate
species. Natural habitats of this group are also very diverse and include soil,
freshwater as well as marine environments, plant roots, the oral cavity and
intestinal tract of humans and animals. Some species are pathogenic for humans
and animals (Garrity & Holt, 2001d).

Phylum Fusobacteria
Members of this phylum are phylogenetically heterogeneous with the main group
clustered in the region near the Leptospiraceae and the rest scattered in the region
of the phyla Firmicutes and Bacteriodetes. However, their phenotypic characteristics
of being anaerobic Gram-negative rods with a chemoheterotrophic metabolism are
quite uniform. Members of the phylum Fusobacteria are grouped together under
one family (Garrity

& Holt, 2001d). The type genus, Fusobacterium, consists of

obligate anaerobic chemoorganotrophs. They grow on peptone and carbohydrates
and produce butyrate as a major end product. Fusobacterium species are found in
the natural cavities of humans and animals. Some of them are pathogenically
associated with various infections (Moore et al., 1984). Members of the genus
Leptotrichia were isolated anaerobically but later grown aerobically in the presence
of CO2. These species are naturally found in dental plaque, the oral cavities of
humans and animals, and in the female periurethral area (Hofstad, 1984).
Streptobacillus moniliformis, a typed species of the genus Streptobacillus is found
in the throat and nasopharynx of rats. Human infection with these bacteria may
follow a rat bite or an ingestion of milk contaminated with the bacteria (Savage,
1984)

Phylum Verrucomicrobia
The phylum Verrucomicrobia currently consists of two genera, Verrucomicrobium
(Schlesner, 1987) and Prosthecobacter (Staley, 1980). Members of this phylum are
Gram-negative

aerobic

mesophiles

that

have

peptidoglycan

containing

diaminopimelic acid. Both Prosthecobacter strains and Verrucomicrobium strains
contain menaquinones. Their cells reproduce by binary fission or budding.
Formation of prosthecae occurs in some species and buds may be formed either on
the cell surface or at the tip of a prostheca (Hedlund et al., 1996).
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Phylum Dictyoglomi
This phylum is represented by a Gram-negative nonsporulating extremophile,
Dictyoglomus

thermophilum.

It

is

an

obligate

anaerobe

that

grows

chemoheterotrophically with a fermentative metabolism. In culture it has a
characteristic of forming membrane-bound spheres of cell aggregates containing
hundreds of cells. Phylogenetically it branches deeply along with the phyla
Thermomicrobia and Deinococcus-Thermus (Saiki, 1985).
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Microbial ecology
Microbial ecology is the branch of microbiology referring to the study of microbes in
their natural habitats. In nature, microbes do not exist in isolation. Instead they are
found interacting with other microbes and their surroundings, forming an
interactive community. Natural habitats are also extremely complex in terms of
their physiochemistry. Microniches with distinct characteristics and properties exist
within the same habitat. In one gram of soil crumbs, there exist many microniches
that are wet, dry, aerobic, anaerobic, acidic, basic, and rich or poor in organic
compounds. These different characteristic properties of microhabitats permit growth
of different groups of microbes forming a complex and interactive community
(Zinder & Salyers, 2001).
Methods used in studying microbial ecology have consisted of non-molecular tools
that include activity measurement, biomass measurement, microscopic examination
and cultivation. Due to the complexity and the existence of many microhabitats in
any natural environment, these tools are subjected to limitations. Measurement of
certain activity and biomass generally cannot distinguish the species or group of
species responsible for that activity or which contribute to the biomass. As a result,
the information obtained is generally low in resolution. Conventional microscopic
techniques are subjected to limitations due to the minute size and low diversity of
bacterial physical appearances. Cultivation is laborious, time consuming and has
the disadvantage of selectivity. The selectivity of media used leads to the
cultivation of only certain groups of bacteria that are favoured by the growth
conditions and nutrients given. Other species fail to grow and therefore are never
detected and accounted for.
Since the discovery of nucleic acid structures and the use of rRNA genes as the
evolutionary chronometer, molecular methods have been developed rapidly and
have become very important in the studying of microbial ecology nowadays. The
rRNA genes have been cloned, analysed and used successfully to study microbial
diversity (see section 2.8-2.10 and chapter 3). Other molecular methods are
generally applied in the study of microbial ecology using two main techniques,
probing and hybridisation. These techniques give us abilities to identify, detect,
quantify and monitor microbes in their natural habitats rather than just in cultures.
Applying molecular methods gives us better pictures of microbial communities as
they are functioning and existing. The ecological niches of a certain species can be
easily identified without the need to isolate them. Population and distribution of a
species in different parts of the world can be studied. Also microbial communities of
unusual and extreme habitats such as volcanoes and thermally heated places
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(Inagaki et at., 2003; Blank et at., 2002), places deep in the ocean (Huber et at.,
2002), places deep beneath the surface of the earth (Takai & Horikoshi, 1999) and
places within other organisms such as in the host species of an endosymbiont
(Egert et al., 2003) can be studied. These microbes require very specific growth
conditions that are hard and often impossible to provide within current technology
and knowledge. The ability to study them in their natural habitats without having to
culture them first speeds up our discovery and extends our horizon on microbes’
existence.

Molecular methods of nucleic
application in microbial ecology

acid

probing

and

their

The term “nucleic acids” refers to the deoxyribonucleic acids (DNA) and ribonucleic
acids (RNA) that are present in all living cells. DNA is the genetic informationstoring molecule. It is present in a double-stranded duplex of two complementary
polynucleotides. That is, in a perfect base pairing the base adenine (A) in one
strand base pairs with the base thymine (T) in the other strand and the base
cytosine (C) base pairs with base guanine (G). Under certain conditions, such as
heating, extreme pH and salt concentration, the double stranded duplex structure
dissociate from one another resulting in two single strands. This process is referred
to as denaturation. The dissociation of the duplex is usually reversible upon
readjusting the conditions back to normal. RNAs are single stranded and are divided
into three types, the ribosomal RNA (rRNA), the messenger RNA (mRNA) and the
transfer RNA (tRNA). All of them are involved in translation during cell protein
synthesis. RNA contains the base uracil in place of thymine. Binding between
complementary sections within the same RNA molecule occurs and causes the
formation of RNA secondary structure. RNA can also bind to denatured DNA
providing that there is a degree of sequence complementarity between them. This
fact is used as the basis of nucleic acid hybridisation and probing. Many different
methods of hybridisation and probing have been developed and widely applied for
microbial identification, detection and quantification in microbial ecology (Amann &
Schleifer, 2001). However, only the method of “Real-Time monitoring polymerase
chain reaction (Real-Time PCR) probing” and the method of “fluorescent in situ
hybridisation” (FISH) are presented here.

Real-Time monitoring polymerase chain reaction (Real-Time
PCR) probing
Real-Time monitoring polymerase chain reaction (Real-Time PCR) probing combines
the PCR amplification technique with nucleic acid probing and applies both of these
techniques together to identify a particular species or group of species by detecting
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a nucleotide sequence unique to them. In this study the unique nucleotide
sequence selected for probing is a section within the 16S rRNA genes. This probing
method involves the extraction of genomic DNA from an environment of interest,
which usually contains a mixed population of bacteria. Then the 16S rRNA genes
are PCR amplified from the mixed genomic DNA. The amplification of the 16S rRNA
gene of a particular species or phylogenetic group of species is simultaneously
monitored with the use of two fluorescent-labelled probes. One probe is universal to
all known bacteria and another probe is designed specifically for the species to be
detected. During PCR probing the increase of the fluorescein emission takes place
only when both probes bind and signifies the presence of the specific species in the
sample tested (a positive test). Further, the rate at which the specific PCR products
increase is used to estimate the initial quantity of the DNA template based on a
control series of DNA templates with known concentrations as a reference (Morrison
et al., 1998).
Probes in general refer to single-stranded oligonucleotides with some kind of
labelling that permits their detection. In this method two oligonucleotide probes
were designed, based on the part of the 16 rRNA gene sequence in the region
flanked by two PCR amplification primers named Fd1 and R5. The two probes were
designed to bind to the amplicon at the nucleotide position such that they are
separated from each other by one nucleotide (Figure 1.2). The upstream probe
labelled with fluorescence (FITC) at its 3’ end is designed to be specific to the
species or group of species of interest. The downstream probe labelled with Cy5 at
its 5’ end is universal for any member of the bacterial domain. In the annealing
steps during PCR , simultaneous binding of the two probes on the same amplicon
results in an increase in Cy5 fluorescence emission (F2) and a concomitant
decrease of FITC fluorescence emission (F1) due to the free resonance energy
transfer (FRET) from the FITC to the Cy5. The increase in fluorescence emission
measured by the ratio of F2/F1 is monitored in real time during PCR amplification
using a hot air thermal cycler LightCyclerTM (Idaho Technology) (Wittwer & Garling,
1991; Wittwer et al., 1997). Since the FITC probe is designed to be specific for the
particular species, an increase in fluorescence emission occurs only when that
particular species is present in the test sample. This provides a means of
identification of certain species for which a specific probe has been designed.
Furthermore, when the specific PCR products formed are heated, the resulting
decrease in fluorescence emission due to the dissociation of the two fluorescencelabelled probes from the PCR products as the results of DNA denaturation can then
be continuously monitored in real time. The temperature at which the change in
fluorescence with respect to temperature occurs at the fastest rate is defined as a
“melting

temperature”.

The

fact

that

the

nucleic

associations

formed

by
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renaturation between PCR products of different template DNA and the two
fluorescence-labelled probes have unique melting temperatures provides yet one
more means for the identification of the PCR products, and hence the bacterial
species in which the template DNA originate (Ririe et al., 1997; Wittwer et al.,
2001).
R5

5'
3'

3'
5'

Fd1
FITC

Cy5

Figure 1.2: Diagram showing the arrangement of primers and the two
probes’ positions with respect to one another.
Fd1 and R5 are PCR-amplification primers. An oligonuecleotide probe labelled with
the fluorescence dye FITC was designed to be specific to a certain species or group
of species. An oligonuecleotide probe labelled with the fluorescence dye Cy5 was
designed to bind to all known members of the domain Eubacteria.
Apart from using this technique to identify the presence of a particular species, the
method

also

permits

quantitative

measurement,

or

at

least

comparative

quantitative measurement, of the initial amount of DNA template in the test
samples (Morrison et al., 1998). During PCR, as the amount of the amplicons
increases, more and more probes can bind, resulting in the increase of the
fluorescence emission. Therefore a PCR reaction with less targeted material to
begin with will take longer (that is, require more PCR cycles) for the fluorescence
emission to rise to the threshold level. A reaction starting with more targeted
material will take a shorter time (that is, require less PCR cycles) for the
fluorescence emission to reach the threshold value. The threshold level of
fluorescence emission is a value deemed to be significantly higher than the base
line of random emission. The PCR cycle number in which the fluorescence emission
reaches a set threshold value is called the threshold crossing point. Running this
type of PCR probing on serially diluted standard samples of known concentration of
a targeted DNA simultaneously with a sample with unknown concentration makes it
possible to estimate concentration of the targeted material initially present in the
unknown sample. The crossing points of the standard samples are plotted against
their corresponding initial concentrations using a log10 scale. This gives a straightline “standard curve”. By correlating the crossing point of the unknown to the
standard curve, the log value of the initial concentration of the unknown can be
then be determined by interpolation between the known log concentrations on the
standard curve. An antilog of the log value of the initial concentration is then taken
to obtain the initial concentration itself.
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Fluorescent in situ cell hybridisation (FISH)
The fluorescent in situ cell hybridisation (FISH) method can be applied to the
identification, enumeration and monitoring of microbes. Designing the probes and
transporting them to the targeted sites inside the cells are the two most critical
aspects of this method. Species specific probes need to be specific enough to
distinguish the targeted species from the rest of the population. Group specific
probes have to be universal to all members of the group. Therefore a database
containing a large number of nucleic acid sequences is needed to make sure that
the probe designed is truly unique or truly universal as needed. For this reason the
rRNA genes are often chosen so as to assist probe design. FISH targeting of the
rRNA is also chosen because of the availability of large numbers of rRNAs in active
cells. The specific nucleotide positions in the genes, however, give varied intensities
of detectable labelling. This variation occurs because rRNAs exist inside the cells in
association with other molecules such as ribosomes, ribosomal protein and mRNA.
The assumption is made that these associations prevent the access of the probes to
their binding sites in the rRNAs. This hypothesis was supported by an experiment
involving probing of E. coli with 200 different fluorescence-labelled probes targeting
specific nuclotides less than 10 nucleotides apart throughout its 16S rRNA gene
(Fuchs et al., 1998). The results showed that detectable fluorescence intensity
varied between probes. Since the structure of ribosomes and rRNAs are highly
conserved due to their functional roles, the nucleotide position that gives good
detectable fluorescence probes in E.coli could be helpful for designing probes for
other species. Once designed and synthesised, the probes have to be transported
to the targets inside the cells. To do this, cells have to be made permeable to the
probes. This process is referred to as “cell fixation”. This fixation is done by treating
the cells with chemicals such as paraformaldehyde and formalin, which act to cross
link the cell wall and membrane. Then the cells can be hybridised to the labelled
probes and they can be viewed and counted under an epifluorescence microscope
fitted with appropriate filters. It is also possible to detect more than one species
simultaneously using multiple probes labelled with different dyes (Amann

&

Schleifer, 2001; Amann, 1995).
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The Great Artesian Basin (GAB) of Australia
The Great Artesian Basin (GAB) of Australia is one of the largest underground water
reservoirs in the world. It spans approximately 1.7 million square kilometres across
four states, Queensland, New South Wales, South Australia and the Northern
Territory (Figure 1.3).

Taken from http://www.nrm.qld.gov.au/factsheets/pdf/water/w68web.pdf (Chavasse, 2003).

Figure 1.3: The Great Artesian Basin of Australia.
The GAB, formed between 100 and 250 million years ago, consists of alternating
layers of permeable sandstone and impermeable siltstone and mudstone laid down
in the Jurassic, Triassic and Cretaceous ages (Figure 1.4). Most of the permeable
layers of sandstone contain water but some contain oil and gas. The basin is
estimated to store approximately 8.7x109 megalitres of water (1996). The oldest
water from the GAB has been isotopically dated back to an age of nearly two million
years. The water is geothermally heated, up to 98oC, due to the depth of the
aquifer.
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Taken from http://www.nrm.qld.gov.au/factsheets/pdf/water/w68web.pdf (Chavasse, 2003).

Figure 1.4: Generalised cross-section of the Great Artesian Basin.

The chemical composition of the water depends on the surrounding rocks.
Generally, bicarbonate chemistry predominates in the GAB, especially toward the
eastern part. Toward the western part sulfate chemistry gradually emerges and the
water hardness and salinity increase (Habermahl, 1980; Habermahl, 1996). The
water from the aquifer is predominantly fresh and contains less than one gram per
litre Total Dissolved Solids (T.D.S.), making it suitable for drinking and domestic
use. In nature, the water is discharged through artesian mound springs. But it can
also be extracted by the drilling of bores. Up to 5000 free flowing bores has been
recorded since the GAB’s discovery in the 1880’s. Often the artesian water tapped
by a bore is stored in a cooling tower before supplying to a town. But for irrigation
and domestic animals the water is cooled in open drain channels, which can be up
to

150

kilometres

long,

(1998)

(http://www.gab.org.au/index.html).

These

channels form unique temperature gradients ideal for studying the diversity of
microbes, particularly thermophiles.
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Objectives and aims
The GAB aquifers have been important sources of water supply to many towns
including Longreach, Blackall, Charleville, Roma, Birdsville, Walgett, Coonamble and
Lightning Ridge in western Queensland and north-western New South Wales. The
microbial populations associated with the GAB form one aspect of its water quality
worthy of research, as microbes remarkably influence their habitats. Furthermore,
problems with the corrosion of bore casings have also been a major concern
because such problems have huge economic impacts on the people living in these
regions. The concept of microbes being involved in the corrosion of metals has been
well established and accepted among scientists. The term “Microbial Influenced
Corrosion” (MIC) has been used to refer to corrosion processes involving microbial
activity. In addition, the fact that the GAB water is thermally heated to various
temperatures depending on bore depths makes the GAB bores a great source for
the studying the diversity of thermophiles.
This project has two main aims: firstly, to study the diversity of bacterial
populations associated with the sub-surface region of the GAB; and secondly, to
investigate and establish whether there are any links between corrosion of four
metal types commonly used in bore casings and certain groups of bacteria dwelling
in the GAB water. The research project is part of an on going effort in Bharat Patel’s
research laboratory at Griffith University to study microorganisms thriving in the
environment associated with the GAB.
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CHAPTER 2: GENERAL METHODS AND MATERIALS
2.1 Buffers and solutions:
2.1.1 TE buffer

10 mM Tris-Cl, 1 mM EDTA, pH 8.0

2.1.2 TAE buffer

40 mM Tris-acetate, 2 mM EDTA

2.1.3 6x loading buffer

0.25% bromophenol blue, 40% sucrose

2.1.4 10x PCR buffer

50 mM Tris-HCl, 25 mg/ml bovine serum albumin (BSA) and MgCl2 (at various
concentrations of 20 mM – 40 mM)

2.1.5 SET buffer

20% sucrose, 50 mM EDTA, 50 mM Tris-HCl (pH 7.5)

2.1.6 20 x SSC solution
One litre contained 175 g NaCl and 88 g Na3C6H5O7 2.H2O. The pH was adjusted to
7.0 with HCl prior to sterilizing at 121°C for 15 min.

2.1.7 CTAB/NaCl solution
10% CTAB in 0.7 M NaCl was prepared by dissolving 4.1 g NaCl in 80 ml dH2O. 10 g
CTAB (hexadecyltrimethyl ammonium bromide) was added slowly with stirring and
heating, up to 65°C if required. The final volume was adjusted to 100 ml.

2.1.8 Lysing buffer
0.8% sucrose, 0.5% triton X-100, 50 mM EDTA, 10 mM Tris-HCl pH 8.

2.2 Media and materials:
2.2.1 Luria Bertani (LB) medium
One litre of LB medium contained: 10 g tryptone, 5 g yeast extract and 5 g NaCl.
The pH was adjusted to 7.0 with NaOH before sterilisation by autoclave at 121°C for
15 min. When needed, filtered-sterile antibiotics (sterilised by filtering through a
0.2 µm pore size disposable filter) were added to the sterile medium to the
concentrations desired.
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Where solid LB agar plates were needed, agar was added to 1.7% and dissolved in
LB prior to sterilisation by autoclaving for 20 min. After cooling to 50°C, 30 ml of
medium was poured into each Petri dish. The agar solidified after 20 min and the
plates were stored at 4°C until used.
Where agar plates containing antibiotics were needed, filtered-sterile antibiotics
were added to the desired concentration after the sterile medium was cooled to 50
°C. After a gentle stirring the medium was poured into Petri dishes as normal.

2.2.2 SOC medium
SOC medium contained 2% tryptone, 0.5% yeast extract, 10 mM NaCl, 25 mM KCl,
10 mM MgCl2˙6H2O, 20 mM MgSO4˙7H2O prepared in 100 ml ddH2O. The solution
was autoclaved at 121°C for 15 min. Then filtered-sterile glucose solution was
added aseptically to the final concentration of 20 mM. Finally the SOC medium was
filtered again through a 0.2 µm single use filter unit (Sartorius).

2.2.3 MacConkey agar
MacConkey agar plates were prepared by dissolving 50 g of MacConkey agar (Difco
Laboratories) in one litre dH2O by heating. The solution was sterilised by
autoclaving at 121°C for 20 min, cooled to 55°C and dispensed into sterile Petri
dishes. Where needed, antibiotic was added to the medium after cooling to 55°C,
followed with gentle mixing to avoid generating bubbles before dispensing into Petri
dishes.

2.2.4 Metal Reduction (MR) medium
Metal Reduction (MR) medium was prepared anaerobically according to the method
of Greene et al. (1997), with modifications as described below. One litre of medium
consisted of 1 g of NH4Cl, 0.08 g of K2HPO4˙3H2O, 4.5 g of MgCl2˙6H2O, 0.375 g of
CaCl2˙2H2O, 20 g of NaCl, 2 g of yeast extract, 10 mls of Wolin’s vitamin solution
(Wolin et al., 1963) and 1 ml of Zeikus’s trace element solution (Zeikus et al.,
1979). The medium was boiled, and cooled under a stream of oxygen-free N2 (OFN)
gas to about 50°C. 3.6 g of NaHCO3 were added and the pH adjusted to 7.1. Unless
otherwise indicated the medium was dispensed in 10 ml aliquots into Hungate
tubes under N2 flow. The N2 gas phase was subsequently replaced with N2/CO2
(80:20) and the medium was autoclaved at 121°C for 15 min.
Minimal MR medium
Different concentrations of yeast extract (0.002% to 1% (w/v)) were initially tested
in MR medium containing 20 mM sodium nitrate in order to determine the least
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amount of yeast extract required for growth. This was determined to be 0.02%
(w/v). MR medium containing 0.02% yeast extract is called minimal MR medium.
Maximal MR medium
Maximal MR medium is MR medium containing an additional 20 mM glucose as
substrate.

2.2.5 Rouf’s medium
One litre of Rouf’s medium (Mulder & Deinema, 1992) contained: 1 g yeast extract,
5 g peptone, 0.2 g MgSO4˙7H2O, 0.05 g CaCl2, 0.15 g Fe (NH3) citrate, 0.05 g
MnSO4˙4H2O, 0.01 g FeCl3˙4H2O, 10 ml Wolin vitamin solution (Wolin et al., 1963)
and 1 ml of Zeikus’s trace element solution (Zeikus et al., 1979).
The minimal Rouf’s medium used in testing of substrate utilization was different
from the Rouf’s medium in that the minimal medium contained only 0.006% (w/v)
or 0.06% (w/v) yeast extract and no peptone.
The maximal Rouf’s medium used in testing optimal pH and temperature and salt
tolerance was different from Rouf’s medium, in that the former contained 5 g/l of
yeast extract instead of 1 g/l.
Rouf’s agar plates were prepared by adding bacteriological agar to Rouf’s medium
to obtain a final concentration of 1.7% (w/v). After the agar was dissolved fully and
pH was adjusted to 7.1 with NaOH, the media were autoclaved.
The liquid media were autoclaved at 121°C for 15 min, while 20 min was used with
media containing agar.

2.2.6 Wolin vitamin solution
Wolin's vitamin solution (Wolin et al., 1963) contained 10mg pyridoxine˙HCl, 5 mg
thiamine˙HCl, 5 mg riboflavin, 5 mg nicotinc acid, 5 mg calcium pantothenate, 5 mg
p-aminobenzoic acid, 5 mg thioctic acid, 2 mg biotin, 2 mg folic acid and 100 µg
cyanobalamin. The solution was reduced by bubbling with N2:CO2 then filtered,
sterilised and kept at 4°C.

2.2.7 Zeikus’s trace element
Zeikus' Mineral Solution (Zeikus et al., 1979) contained: 12.8 g nitriloacetic acid,
0.17g CoCl2˙6H2O, 0.1 g CaCl2˙2H2O, 0.1g FeSO4˙7H2O, 0.1g MnCl2˙4H2O, 0.1g
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NaCl, 0.1g ZnCl2, 0.026 g NiSO4˙6H2O, 0.02g CuCl2˙2H2O, 0.017g Na2SeO3, 0.01g
H3BO4 and 0.01g Na2MoO4˙2H2O.

2.2.8 Amorphous Fe (III) oxyhydroxide
Amorphous Fe (III) oxyhydroxide was synthesised according to the method of
Lovley and Philips (1988). FeCl3 solution (0.4 M) was prepared by dissolving 64.8 g
FeCl3˙4H2O in 1000 ml distilled water. Brown Fe (III) oxide was formed by
neutralising the FeCl3 solution to pH7.0 with 1 M NaOH. Unwanted dissolved salts
produced were removed by filtering the suspension through Whattman filter paper
(no. 42). The solid material, amorphous Fe (III) oxyhydroxide, was then washed
with distilled water with twice the volume of reaction mixture. The precipitate was
air-dried overnight and ground to fine powder with a mortar and pestle.

2.2.9 Amorphous manganese dioxide
Amorphous manganese (IV) dioxide was synthesised according to the method of
Lovley and Philips (1988). One litre of KMnO4 solution (3.16 g/l) was adjusted to pH
8-9 with either 1 M NaOH or 1 M HCl. Then a litre of MnCl2˙4H2O (5.94 g/l) was
slowly added with constant stirring. The resulting solution was stirred further for at
least 20 min on a magnetic stirring plate. The black precipitate (MnO2) was filtered
and washed with distilled water until the filtrate was clear, then left overnight to
dry before being ground to fine powder ready for use.

2.2.10 Metal coupons
The metal coupons used to test corrosion were carbon steels codes ASTM-A53B,
ASTM-A53, AS-1074 and AS-1396. These four types of carbon steels were chosen
because they are the most common materials used for pipe and bore casings. The
actual types of steel used as bore casings in the bores studied are unspecified types
(section 3.0). Carbon steel is a class of steel (ferrous metal) that has a carbon
content of no more than 2.2% when the content of copper is between 0.40-0.60%,
manganese no greater than 1.65% and silicon no more than 0.60%. No minimum
content is specified for any other elements such as aluminum, boron, chromium,
cobalt, columbium, nickel, titanium, tungsten, vanadium or zirconium added to
achieve desirable alloying properties (Walker & Busk, 1996). As the main element
in all four kinds of carbon steel tested is iron with no greater than 2.2% carbon and
a minimal trace of other elements, the weight loss in the form of other elements
besides iron should be insignificant.
The chemical compositions of the four types of carbon steel tested are as follows.
ASTM-A53 and ASTM-A53B are different in the amounts of carbon and manganese
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content. ASTM-A53 contains no greater than 0.25% and 0.95% carbon and
manganese respectively, whereas ASTM-A53B contains no greater than 0.30% and
1.20% of these elements respectively. The contents of other elements in these two
types of carbon steel are the same. For example they both contain no greater than
0.40% each of copper, chromium and nickel, and 0.08% vanadium. Carbon steel
code AS-1074 contains very little alloy content apart from carbon, which is present
at 0.74%. Carbon steel AS-1396 contains 0.96% carbon and a high amount of
manganese but with the percentage not exceeding 1.65% by definition of carbon
steel (Walker & Busk, 1996).
For use in the corrosion testing, the four metal types chosen were cut into small
coupons of about 1 cm2 and cleaned with a light scrub (to get rid of metal
fragments formed during cutting) with a non-metal sponge in sterile water. The
cleaned metal coupons were left to dry overnight then baked at 80°C overnight to
expel moisture. The coupons were cooled to room temperature and kept in a
desiccator until ready to be weighed and incubated in PVC housings for corrosion
testing.

2.3

Sample

collection

and

treatment

of

metal

coupons
For use in isolation of bacteria, water samples containing a natural bacterial
population were collected from three bores named for the properties on which they
are located. These were the Fairlea bore (registered number 3768), the Cooinda
bore (registered number 4381) and the Rockvale bore (registered number 69779),
situated in the western Queensland region of the GAB (Figure 2.1). The water
samples were collected at the bore heads by completely filling sterile glass
containers to the brim and sealing them with air-proof enclosures. All water
samples used were collected in 1993 and 1994 (Table 2.1) and stored in closed
containers away from light at room temperature until use in 1997.
Samples for the construction of 16S rRNA gene libraries were collected in the form
of total bacterial populations from each bore by passing two litres of water from the
bore head through Sterivex−GS filters. A Sterivex−GS filter is a pressure-driven
filter unit containing a mixed cellulose ester filter of 0.2 µm pore size placed inside
a polyvinyl chloride cylindrical housing. Two litres of the water sample were passed
through each Sterivex-GS filter in order to increase the number of bacteria
collected. Each filter unit was washed with 10 ml of SET buffer (section 2.1.5) and
excess buffer on the filter membranes was forced off using air-filled 20 ml syringes
before being stored at −20°C until the genomic DNA was extracted (in 1997).
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Natural bacterial populations were collected in the manner described from Fairlea
bore, Cooinda bore and Rockvale bore in Sterivex−GS filters named A1, 4381 and
RVLT respectively.
After collection, changes in environmental conditions were introduced to two of the
bores, the Fairlea and Cooinda bores, and also to two additional bores at Acacia
Downs, bore registration numbers 1650 and 1651, by redirecting the emitting
water so as to pass through PVC pipelines that contained metal coupons (section
2.2.10) for fifteen weeks. Then genomic DNA for use in the construction of 16S
rRNA gene libraries of each newly developed community following the metal coupon
incubation was collected from the PVC pipelines using Sterivex-GS filters in the
same manner as described above. The filters containing the bacterial populations in
water redirected from the Fairlea bore, the Cooinda bore, the two Acacia Downs
bores (registration numbers 1650 and 1651) were called PKA, COO, AD and PKCA
and PKC respectively. All genomic DNA used was collected in Sterivex−GS filters in
1993 and 1994 (Table 2.1) and stored at −20°C until analysis in 1997.
At three and fifteen weeks after incubation in the PVC pipelines the weights of the
remaining metal coupons were examined. A set of PVC pipelines were taken from
each bore site. Each type of metal coupons was cleaned in sterile water with a light
scrub with a non-metal sponge to get rid of deposits of organic materials, then left
to dry at room temperature. After that the metal coupons were baked at 80°C
overnight, then cooled to room temperature in a desiccator before their weight was
recorded.
Table 2.1: Summary of samples collected from the five artesian bores.
The genomic DNA used to construct the 16S rRNA gene libraries was collected in
1993 and 1994. An asterisk (*) indicates the collection filters containing the
bacterial communities which existed naturally in the sub-surface region in these
bores of the GAB. NI= no information recorded.
Sterivex-GS filter

Date collected

Names and registrations number
of bores.
Fairlea 3768

A1*

3.11.93

PKA

23.2.94

RVLT*

23.2.93

Rockvale 69779

4381*

2.11.93

Cooinda 4381

Coo

15.2.94

AD

23.2.94

Acacia Downs 1650
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PKCA* and PKC

23.2.94

Acacia Downs 1651

2.4 Genomic DNA extraction and purification
2.4.1 Extraction of genomic DNA from Sterivex-GS filter for
PCR
After the filter was thawed, 2 ml of SET buffer containing 2 mg/ml lysozyme, 0.4
mg/ml archromopeptidase and 0.2% SDS were added to the inlet of the unit using
a syringe and a 25-gauge needle. (If a different size of needle is used, care must be
taken not to puncture the filter membrane inside the unit). The inlet of the unit was
recapped and the contents were mixed by inversion. Then the filter was incubated
for 3 hr at 37°C with constant rotation to keep the reagents and the filter
membrane in contact. All the crude lysate was drawn from the unit with a 5 ml
syringe (approximately 2.5 ml) and transferred to a new tube. RNase was added to
the lysate to the final concentration of 20 µg/ml and the incubation was continued
at 37°C for 30 min. The genomic DNA was extracted with ethanol in the presence of
NaCl (Ausubel et al., 1997). To the 2.5 ml lysate, 100 µl of 5 M NaCl was added and
mixed by inversion. The content was transferred to 1.5 ml eppendoff tubes at the
maximum of 0.4 ml per tube. To each tube, 2 volumes of ice cold ethanol were
added. After mixing by inversion, the contents were incubated in an ice bath for 40
min. Then the contents were centrifuged at 14000 rpm for 10 min. The supernatant
was removed and the pellet was washed by adding 0.5 ml of ice cold 70% ethanol
followed by centrifugation for another 5 min at 14000 rpm. The supernatant was
removed and the pellets were dried at room temperature, then resuspended and
pooled into 30 µl of 10 mM Tris-HCl pH 8.5.

2.4.2 Extraction of genomic DNA from pure culture for PCR
Genomic DNA was extracted from 10 ml of culture grown overnight. The culture
was centrifuged at 5000 rpm for 10 min in a Sigma 4K15 centrifuge (Quantum
Scientific). The cell pellet was washed in 1.5 ml of TE buffer at pH 8 and
resuspended in 567 µl TE. Then 6 µl of lysozyme (50 mg/ml) and 50 µl of
achromopeptidase (10 mg/ml) were added to the cell suspension. After an hour
incubation at 37°C, 30 µl of 10% SDS and 6 µl of proteinase K (20 mg/ml) were
added. The solution was incubated for another hour at 37°C. Then salt
concentration in the mixture was adjusted to 0.7 M with an appropriate amount of 5
M NaCl stock followed by the addition of 0.1 volume CTAB/NaCl solution, mixing
and incubation at 65°C for 10 min. After that the DNA was extracted once by adding
an equal volume of ice-cold chloroform:isoamyl alcohol (24:1), followed by mixing
then spinning at 14000 rpm for 15 min at 4°C in microcentrifuge tubes. The
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supernatant was transferred to a new tube and the DNA was extracted again with
one volume of cold phenol:chloroform:isoamyl alcohol (25:24:1) in the same
manner. The upper aqueous layer was transferred to a new tube and the DNA was
precipitated with 0.6 volume of ice-cold isopropanol followed by centrifugation in
the same manner. The DNA pellet formed after centrifugation was washed once
with 70% ethanol before being resuspended in 30-100 µl of 10 mM Tris-HCl pH 8 or
TE pH 8. Contaminating RNA was removed by adding RNAse to the final
concentration of 20 µg/ml followed by an incubation at 37°C for 30 min. The
genomic DNA was visualised by electrophoresis before being used in PCR
immediately, or alternatively stored at –20°C. Note that EDTA in TE helps in
stabilising the DNA but it is known to inhibit PCR amplification. Alternatively the
DNA can be resuspended in Tris-HCl pH 8 instead.

2.4.3 Extraction of genomic DNA from pure culture for the
determination of mol% G+C
Genomic DNA was prepared from 50 ml of an early stationary phase culture grown
overnight using a method based on the one described by Marmur (1961) with
modifications

such

as

the

omission

of

perchlorate,

the

use

of

phenol:chloroform:isoamyl alcohol in the place of chloroform:isoamyl alcohol and
the omission of shaking during the step of protein precipitation. The modified
protocol used can be described as follow. The cultures were centrifuged at 5000
rpm for 10 min. The pellet was washed twice with 5 ml of 100 mM NaCl in 5 mM
Tris-HCl pH 8 then resuspended in 3.95 ml of the same solution, but containing also
100 µl of lysozyme (50 mg/ml), and incubated on ice for 5 min. After that 0.6 ml of
0.5 M EDTA pH 8 and 0.2 ml of 25% SDS were added. The suspension was mixed
gently and incubated on ice for 5 min. Then 100 µl of proteinase K (20 mg/ml) were
added and incubated at 55°C until clear (30 min to several hours). The genomic
DNA was then extracted twice from the lysed cells with an equal volume of ice-cold
phenol:chloroform:isoamyl alcohol (25:24:1). The upper aqueous phase was
transferred to a 50 ml tube and gently overlayed with 3 volumes of ice-cold 100%
ethanol. The precipitated DNA flocculent was spooled onto a sterile hook made from
a sterile disposable glass pasture pipettor and resuspended in 5-10 ml of an
appropriate strength of SSC solution suitable for the determination of its Tm (in this
case 0.1 x SSC). Then contaminated RNA was removed by adding RNAse to the
concentration of 20 µg/ml and the solution was incubated at 37°C for 1 hour and
checked by electrophoresis. The genomic DNA was allowed to dissolve further
overnight at 4°C then stored at –20°C.
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2.5 Quantification and purity of nucleic acid
2.5.1 Agarose gel electrophoresis
The presence, size, quantity and quality of plasmid DNA and DNA in small amounts
were determined by electrophoresis in 0.8-1.0% agarose gel in 1xTAE buffer along
with 10 µg of λ Hind III as a DNA molecular weight marker. An appropriate amount
of electrophoresis-grade agarose was weighed and added to an appropriate volume
of 1xTAE buffer and the total weight was recorded. The agarose was completely
dissolved by heating in a microwave oven for 2.5 min. The solution was re-weighed
and dH2O was added to replace the weight loss though evaporation. The solution
was mixed gently and allowed to cool to 55°C. Ethidium bromide was added to the
final concentration of 0.5 µg/ml. After mixing, the solution was poured into a sealed
gel casting platform and a gel comb was inserted. The gel was allowed to stand for
20 min to harden. Then the comb and the seal were removed and the gel casting
platform was placed into an electrophoresis tank containing enough 1xTAE buffer to
cover the gel (about 1 mm above the gel). The DNA sample was mixed with an
appropriate amount of 6x loading solution and loaded into the wells using a
micropipettor. 10 µg of λ Hind III were loaded into one of the wells in the same way
as a reference. The leads were connected and voltage applied so that DNA would
migrate toward the anode. The gel was electrophoresed at 1-10 volt/cm of gel
length until the dye front had migrated to about three fourths of the gel or an
appropriate distance sufficient for the separation of the DNA fragments. The DNA
fragments were visualised under a UV transilluminator and the image was captured
using Grab-IT Annotating Grabber software (UVP Incorporated), then edited using
the image editing program Paintshop Pro V4.12.

2.5.2 Absorbance at 260 nm and 280 nm
Genomic DNA was quantified by measuring the absorbancy at 260 nm. An
absorbancy value of 1 at 260 nm is equivalent to the concentration of 50 µg/ml for
double-stranded DNA. Purity of DNA was checked by measuring the ratio of the
absorbancy at 260 nm and 280 nm. A ratio of A260/A280 between 1.8-1.9 signified a
highly purified DNA preparation. A Cintra20 spectrophotometer (GBC scientific
equipment) was used in measuring the absorbancy.

2.6 Oligonuecleotide primers and probes
Bacterial universal primers Fd1 and Rd1 were used as an amplifying primer pair for
the amplification of 16S rRNA genes. Primers used in a complete sequencing of
both strands of the 16S rRNA genes were F1, F2, F3, F4, R1, R2, R3, R4, R5 and R6
in addition to Fd1 and Rd1 primers and vector-specific T7 and SP6 primers. All of
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the sequencing primers used were previously designed in our lab (Love et al.,
1993).
Table 2.2: Oligonucleotide primers and probes used.
Oligonucleotide

Sequence, 5’-3’

E.coli

Specificity

position

for bacteria

Primers†
Fd1

AGAGTTTGATCCTGGCTCAG

8-27

Universal

F1

CTCCTACGGGAGGCAGCAG

339-357

Universal

F2

CAGGATTAGATACCCTGGTAG

783-803

Universal

F3

AAACTCAAAGGAATTGACGG

907-926

Universal

F4

TGTACACACCGCCCGT

1390-1405

Universal

R1

CTGCTGCCTCCCGTAG

357-342

Universal

R2

GTATTACCGCGGCTGCTG

536-519

Universal

R3

CCAGGGTATCTAATCCTG

800-783

Universal

R4

CCGTCAATTCCTTTGAGTTT

926-907

Universal

R5

GGGGTTGCGCTCGTTG

1115-1100

Universal

R6

TACGGTTACCTTGTTACGAC

1513-1494

Universal

Rd1

AAGGAGGTGATCCAGCC

1542-1525

Universal

T7

CCCTATAGTGAGTCGTATTA

Vector

Vector-

sequence

specific

Vector

Vector-

sequence

specific

1025-1044

clone

Sp6

ATTTGGTGACACTATAGAA

Probes*
23B

TGCCCGAAAGGGAGCCTGGACA-FITC

PKA23B
34B

ATATGGACCTTACCCTTCGGGGTAACAG

1016-1044

AGAGA-FITC
Cy5

Cy5-AGGTGITGCATGGITGTCGTCAGC

clone
PKA34B

1046-1075

Universal

TCGTGT-PO4
† All sequencing primers except T7 and Sp6 were previously designed in our lab (Love et al., 1993).
* Oligonucleotide probes 23B and 34B were designed to be specific to clone PKA23B and PKA34B
respectively. The probes were labelled with fluorescence (FITC) at their 3’ ends.
I in Cy5 probe represents deoxy-inosine.

Two species-specific oligonucleotide probes, 23B and 34B, were designed based on
the 16S rRNA gene sequences of clones PKA23B and PKA34B. The design of the
34B probe based on the PKA34B clone was done in connection with the fact that it
is the dominating clone from the Fairlea bore, where the greatest metal weight
losses were detected. Therefore the bacterial species represented by this clone may
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be connected with the corrosion of metal coupons incubated at the bore site and
hence may be potentially a good indicator of corrosion. Probe 23B was designed at
the same time for comparison. The two probes were synthesised by Pacific Oligo
and labelled with fluorescent marker at the 3' end. Probe 23B (5' TGC CCG AAA
GGG AGC CTG GAC A 3' ; 22 base; Tm 77.8°C; equivalent E.coli positions 1025
1044) was specific for clone PKA23B. Probe 34B (5' ATA TGG ACC TTA CCC TTC
GGG GTA ACA GAG AGA 3'; 33 bases; Tm 78.1°C; equivalent E.coli positions 1016
1044) was specific for clone PKA34B. Using real time PCR technique the two probes
were used to identify the presence of microbes represented by clones PKA23B and
PKA34B in the genomic DNA extracted from the environmental samples with probe
Cy5, which had been previously been designed in our lab.

2.7 Amplification of 16S rRNA genes
2.7.1 PCR amplification of 16S rRNA genes
The 16S rRNA genes were amplified by polymerase chain reaction (PCR) with Fd1
and Rd1 primers that flank the entire region of this gene, which is approximately
1.5 kb in size. Reactions of 50 µl each were set up on ice in 0.2 ml thin wall tubes
(Quantum Scientific Product). Each reaction contained 5.0 µl of 10X buffer
containing 20 mM MgCl2, 0.5 µl of 20 mM dNTP’s (5 mM each of dATP, dCTP, dTTP,
and dGTP), 1.0 µl of 50 µM Fd1 primer, 1.0 µl of 50 µM Rd1 primer, 2.0 µl of
genomic DNA template, 0.2 µl of 5 U/µl Taq DNA polymerase (Promega) and 40.3 µl
of sterile dH2O. Note that in order to optimise the PCR amplification different
strengths of genomic DNA ranging from neat down to 10-3 dilutions could be used
as template DNA. The stringency of the PCR could also be varied by adjusting the
salt concentration in the reaction mixture. Therefore 10x buffer containing 10, 30 or
40 mM MgCl2 may also be used instead. Two reactions, a positive control
containing DNA template known to be amplified successfully and a negative control
containing sterile dH2O instead of template DNA, were also set up in each PCR run.
The reaction mixtures were placed in a rapid cycler (Idaho Technology) which was
programmed to run cycle program one once followed by cycle program two thirty
times with a slope of 9.9. Cycle program 1 consisted of heating at 94°C for 1 min to
denature the DNA. Cycle program 2 consisted of heating at 94°C for 30 s to
denature the DNA, followed by cooling at 50°C for 30 s for the DNA to anneal, and
heating at 72°C for 2 min for the extension of the DNA.

2.7.2 Extraction and purification of PCR products
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After the amplification was completed the PCR reactions were pooled and
electrophoresed in 0.8% agarose gels. The bands of the desired products of about
1.5 kb were excised aseptically from the gel using a sterile scalpel and placed in a
sterile pre-weight 1.5 ml microcentrifuge tube. The PCR products to be used for
cloning were purified by using the QiaQuick Gel Purification Kit (Quigen) according
to the manufacturer’s instructions. Purified products were eluted with 30 µl 10mM
Tris pH 8.5. A 2 µl was

electrophoresed again to verify its presence and purity.

Then it was ready to be used in cloning or stored at –20°C until needed.
Alternatively, PCR products to be used in sequencing were purified using QiaQuick
PCR Purification Spin Columns according to the manufacturer’s instructions. The
purified products were sequenced directly or alternatively stored at –20°C.

2.8 16S rRNA gene cloning and library construction
2.8.1 Preparation of competent cells
Initially competent cells were prepared from E. coli DH5α and E. coli XL-10 Gold as
described below. However the transformation rate achieved using these competent
cells were very low. Commercially available competent cells E. coli JM 109
(Promega) were tried and used successfully in transformation following the protocol
recommended by the manufacturer.
Competent cells from E. coli DH5α and E. coli XL-10 Gold were prepared as follow.
LB medium (50 ml) were inoculated with a single well-isolated colony of E. coli
DH5α or E. coli XL-10 Gold grown for 24 hours at 37°C in an LB agar plate. The
cultures were incubated overnight at 37°C with shaking at 150 rpm. Each 25 ml
was used to inoculate 500 ml LB medium pre-warmed to 37°C in a 1 L flask. The
cultures were grown at 37°C with shaking until the A600 value reached 0.4 (about 3
hours). Then the cell cultures were transferred to sterile ice-cold 500 ml centrifuge
bottles and chilled on ice for 20 min before centrifuged at 3000 g for 10 min at 4°C
to precipitate the cells. The supernatant was removed and each cell pellet was
washed once by resuspending in 250 ml ice-cold ddH2O, followed by centrifugation
at 3000 g for 10 min at 4°C, then washed again in 40 ml in the same manner. The
cell pellets were resuspended by gentle agitation (not vortexing). Then the cell
pellets were resuspended in 20 ml ice-cold 10% glycerol and centrifuged again at
3000 g for 5 min at 4°C. The supernatant were removed as much as possible and
the cells were pooled into 2 ml ice-cold 10% glycerol. The cells were distributed
into 50 µl single-use aliquots in sterile 1.5 ml centrifuge tubes, snap-frozen in liquid
nitrogen and stored at –80°C for up to 6 months without a significant loose of
competence.
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2.8.2 Ligation and transformation
Purified PCR product was inserted into TA plasmids of the type pGEM®-T Easy
Vector (Promega) according to the manufacturer’s recommended protocols. The
recombinant plasmids were used to transform commercially available competent E.
coli JM 109 following the protocol recommended. Alternatively if the competent cells
used were prepared as in section 2.8.1, transformation was carried out by
electroporation (Miller & Nickoloff, 1995) as followed. Recombinant plasmids and an
0.1 cm electrode gap Gene Pulser® electroporation cuvet (Bio-Rad) were chilled on
ice. Competent cells were thawed on ice just before use. Recombinant plasmids (1
µl) were transferred to an 0.6 ml sterile pre-chilled tube and 40 µl of competent
cells were added and mixed by pipetting up and down once. The mixture was
transferred to a chilled electroporation cuvet. The cuvet was capped and tapped
gently to ensure the mixture was at the bottom, forming a complete bridge
between the two electrodes. The moisture on the outside wall of the cuvet was
removed by wiping with tissue and the cuvet was placed into a Gene Pulser® II
electroporation device (Bio-Rad). An exponential decay pulse of 2.5 kV, 25 µF
capacitance and 200 Ω resistance was delivered to produce a time constant of 4.54.8 ms. Then 1 ml of SOC medium (at room temperature) was added immediately
to the cuvet and the mixture was transferred to a 10 ml tube and incubated at 37°C
with gentle shaking for 1 hour. An appropriate volume (50-200 µl per plate) was
plated on MacConkey agar containing 100 µg/ml ampicillin and grown overnight at
37°C. Positive transformants containing recombinant plasmids appeared as white
colonies while negative transformants were red. White colonies were randomly
picked and grown overnight at 37°C on an LB agar plate containing ampicillin. This
plate was regarded as a master plate. Replica plates were made from the master
plate and grown overnight for rapid screening for the desired recombinant plasmids
by boiling.

2.8.3 Rapid screening for positive transformants by boiling
Positive transformants containing recombinant plasmids harbouring complete 16S
rRNA

gene

inserts

could

be

identified

by

visualising

the

plasmids

after

electrophoresis and comparing their size with the plasmid vector without an insert.
Recombinant plasmid DNAs were rapidly extracted by the boiling method. Each
colony from replica plates was grown at 37°C overnight with shaking, in 10 ml
tubes in 1.5 ml LB medium containing 100 µg/ml ampicillin. 1 ml of the culture was
centrifuged at 14000 rpm for 1 min and the supernatant was removed. The pellet
was washed in 1 ml sterile dH2O. The pellet was resuspended in 200 µl of lysing
buffer (section 2.1.8) containing 200 µg of lysozyme followed by incubation at 37°C
in a water bath for 1 hour. The tubes were capped with a device to prevent the lid
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from popping open while boiling. The cells were boiled at 100°C for exactly 1 min.
The contents were centrifuged at 14000 for 1 min and the viscous pellet discarded
by removing with a toothpick. 0.5 µl of 10 mg/ml RNAse was added to the
remaining supernatant and incubated for 15 min at 37°C. Then 18 µl of the plasmid
DNA was electrophoresed in 0.8% agarose gel (section 2.5.1) and visualised.

2.8.4. Extraction of recombinant plasmid DNA from E.coli host
Plasmid DNA was prepared from 6.0 ml of cultures, grown overnight with shaking
at 37°C in LB medium containing 100 µg/ml ampicillin, using a Quigen Plasmid
Extraction Kit (Quigen) according to the recommended protocol. The culture was
centrifuged at 5000 g for 10 min. The supernatant was removed. The pellet was
resuspended in 250 µl of buffer P1 and transferred to a 1.5 ml microcentrifuge
tube. Then the recommended protocol was followed to completion. The plasmid was
eluted with 50 µl of buffer EB (10 mM Tris pH 8.5) and the presence, size, quantity
and quality of the plasmid were estimated by agarose gel electrophoresis (section
2.5.1).

2.9 Sequencing of the 16s rRNA genes
Partial sequencing of recombinant plasmids was carried out using two vector–
specific primers, T7 and SP6. Sequencing of full-length 16S rRNA genes was carried
out by the primer walking strategy employing up to 12 additional primers which
were Fd1, F1, F2, F3, F4, R1, R2, R3, R4, R5, R6 and Rd1 (section 2.6). All
sequencing reagents were kept on ice during the following procedures. Each
sequencing reaction contained 4 µl of ABI PRISM® BigDyeTM terminator ready
reaction mix (Applied Biosystems), 20 ng purified PCR product or 500-1000 ng
plasmid DNA, 3.2 pmol primer and sterile ddH2O to make up the final volume of 20
µl in sterile 0.2 ml microcentrifuge tube. Thermal cycling was carried out in a rapid
cycler (Idaho Technology) programmed to heat once at 94°C for 2 min to denature
the DNA, then repeat the cycling program of heating at 96°C for 10 s, 50°C for 15 s
and 60°C for 1 min for 25 cycles.
After the sequencing reaction was completed, the extended product was transferred
to a 1.5 ml microcentrifuge tube containing 2 µl of 3 M NaOAc pH 5.2 and 50 µl of
95% ethanol. The content was vortexed briefly and allowed to stand in order to
precipitate the product for 15 min at room temperature. Then it was centrifuged at
14000 rpm for 20 min. The supernatant was removed with a micro pipettor
immediately after the completion of centrifugation. The pellet was rinsed by adding
250 µl of 70% ethanol followed by a brief vortexing and centrifugation for 5 min at
14000 rpm. After the supernatant was completely removed, the pellet was dried in
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a vacuum desiccator for 5 min then stored in the dark at 4°C. The DNA sequences
were read at the Molecular Biology Facility, Griffith University, Brisbane, Australia.
The extended products were electrophoresed at 1.68 kV for 7 hours in a 4.8%
denaturing polyacrylamide gel using the Applied Biosystems 377 DNA sequencer
(Applied Biosystems) with a 96-lane and 0.2 mm thick comb on a 36 cm plate of
wells.

2.10 16s rRNA genes sequence analysis
Partial sequences of the 16S rRNA gene generated from each of the sequencing
primers were assembled into one complete consensus sequence for each of the
clones or isolates, using the sequence editing program BioEdit v5.0.1 (Hall, 1999).
Then the consensus sequence was checked for chimeras using the Chimera Check
software available from the Ribosomal Database Project (RDP-II) (Maidak et al.,
2001). In order to quickly identify its near relatives the sequence was compared to
the 16S rRNA and 16S rDNA sequences available in Genbank and in RDP-II using
the BLASTN search software (Altschul et al., 1997) and the Sequence Match
program (Maidak et al., 2001) respectively. Related sequences were extracted and
imported

from

Genbank

and

RDP.

Non-aligned

sequences

including

those

sequences from Genbank were pre-aligned using the Sequence Aligner program in
the RDP-II package. Then the alignment was manually adjusted according to the
16S rRNA secondary structure. Sequence uncertainties were omitted from the
analysis. The phylogeny of the consensus sequences was analysed using the
TreeCon program (Van de Peer & De Wachter, 1994) in which pairwise evolutionary
distances are computed from percentage similarities by the Jukes and Cantor
method (Jukes & Cantor, 1969) and phylogenetic trees are constructed from the
evolutionary distances using the neighbour-joining method (Saitou & Nei, 1987).
Tree

topology

was

re-examined

by

the

bootstrap

method

of

re-sampling

(Felsenstein, 1985) by the usual method using 100 bootstraps.

2.11 Determination of the mol% G+C
Genomic DNA was prepared using the modified method of Marmur (1961) (section
2.4.3). Before use, the DNA was diluted to about 20 µg/ml (A260 values between
0.3-0.5 were suitable) with a uniform strength SSC solution and allowed to stand
overnight at 4°C to ensure homogeneously and completely dissolved DNA. The Tm
of the DNA was determined in an 0.1 x SSC solution using a Cintra20
spectrophotometer (GBC scientific equipment). E.coli genomic DNA was prepared
in the same way and used as a reference DNA. The mol% G+C was calculated
according to De Ley (1970) from the equation: %G+C = 2.08Tm-106.4.
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2.12 Bacterial physiological study
2.12.1 Bacterial physiology in general
Determinations of catalase and oxidase activity, hydrolysis of starch and casein,
oxidative or fermentative catabolism and spore formation by the spore staining
method were carried out according to methods described by Smibert & Krieg
(1994). Cultures of various conditions were also examined extensively for spores
using a phase contrast microscope.
In addition the API 20E (bioMerieux) and BBL Crystal E/NF identification kits
(Becton Dickinson) were used to determine the acid production from sugars,
enzymatic hydrolysis and utilization of various substrates using the manufacturer’s
recommended protocols. The inoculum, consisting of overnight grown cultures, was
washed twice and resuspended in sterile 0.002% yeast extract solution before
being used to inoculate the kit.
Production of bacteriochlorophyll and pigments by the bacterial isolates was
determined by measuring the absorption maxima of acetone-extract of the cells.
Cultures grown to saturation under various conditions, such as in the presence or
absence of light, were centrifuged. The cells were resuspended in acetone followed
by vigorous shaking and vortexing for 10 min. The cells were then centrifuged at
17000 rpm for 1 min. The absorption maxima of the supernatant were determined
by scanning between 250-900 nm in a Cintra20 spectrophotometer.

2.12.2 Determination of temperature, pH and sodium chloride
ranges for growth of pure isolates
Media suitable for optimal growth for each isolate were used for determination of
temperature, pH and sodium chloride ranges for growth. Water baths preset to the
desired temperatures between 25°C to 60°C were used for incubation. Media of
different pH were prepared by adding sterile HCl or NaOH stocks to the preautoclaved media to achieve the desired pH values between 5-10. NaCl were
weighed and added to empty bottles or Hungate tubes.

Non-autoclaved media

were dispensed into the bottles to give the required final concentrations of 0-11%
(w/v) NaCl then followed by autoclaving. Tests on aerobic strains were carried out
in universal bottles in 10 ml aliquots while 5 ml aliquots of an appropriate medium
dispensed in Hungate tubes were used in the case of anaerobic isolates. Growth
was measured by recording the increase in absorbance at 600 nm after 16 hours
incubation.
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2.12.3 Substrate utilisation
Sterile 2M or 3M of glucose, sucrose, fructose, maltose, xylose, starch, glycerol,
lactate, acetate, cellobiose, butyrate and succinate were prepared as stock
solutions. The stock solution of a substrate to be tested was added or injected into
10 ml of an appropriate medium to the final concentration of 20 mM unless
specified. The pH was then adjusted prior to inoculation where necessary. Tests
were carried out in duplicate for each substrate. Growth was measured by recording
the increase in absorbency at 600 nm between 12 hrs and 24 hrs during incubation
at optimal conditions. Medium containing added substrate without inoculum was
used to standardise the spectrophotometer. Culture in the medium without any
added substrate were used as baseline references. Substrates tested at different
concentrations other than 20 mM were tested as supplements to the media as
follows: Yeast extract, peptone and casein hydrolysate at both 0.05% (w/v) and
0.1% (w/v), ethanol at 10 mM and 21 mM, methanol at 0.1% (w/v), 0.5% (w/v)
and 1.0% (w/v),

N,N-dimethylformamide

and formamide at both 0.15% (w/v)

and 0.5% (w/v) were tested. Nitrilotriacetate (NTA) was tested in the same manner
at final concentrations from 0.007% to 0.5% (w/v) as a supplement to the
medium.
Utilization of phenylalanine was also determined by measuring growth as well as
the production of tyrosine, a known metabolic product of phenylalanine. A tyrosine
assay was performed using the modified method of Lowry et al. (1951). 100 ml of
alkaline copper reagent was made by adding 1 ml of 1% (w/v) CuSO4, 1 ml of 2%
(w/v) sodium tartrate and 98 ml of 2% (w/v) Na2CO3 in 0.1 M NaOH.
Cultures to be tested were grown overnight in 5 ml of minimal Rouf’s medium
supplemented with phenylalanine concentrations ranging from 0.25–1 g/l. Negative
controls included cultures grown in the same medium but without phenylalanine
and tubes containing minimal medium only, both with and without inoculum.
Cultures were centrifuged at 5000 rpm for 10 min. 1 ml of supernatant was
removed to a 10 ml plastic tube followed by adding 6 ml of the alkaline copper
reagent and mixed immediately by vortexing vigorously. The mixture was allowed
to stand for 10 min. Then 0.3 ml of Folin-Ciocalteu reagent was added and
immediately vortexed in order to mix it thoroughly. The mixture was allowed to
stand for 30 min before the absorbancy at 500 nm was measured. A standard curve
was set up for tyrosine concentration ranges between 6-200 µg/ml.
Growth on methane was tested by inoculating a suitable medium supplemented
with methane gas. The gas was injected into Hungate tubes, containing autoclaved
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medium capped with butyl septum, using a syringe with a single-use filter unit
(Sartorius) attached at the outlet of the syringe so as to filter and sterilise the gas
at the same time. The ratio of methane to air in the tube was roughly 1:4.

2.12.4 Heat resistance test
This test was performed in order to support a conclusion as to whether or not a
bacterial strain forms spores. Cultures at mid-log and mid-stationary phases were
taken in aliquots of one ml. The aliquots were subjected to six different conditions
of heating, which were: heating for 10 min and 20 min at 70°C, 10 min and 20 min
at 80°C, 10 min at 90°C and 10 min at 100°C. 100 µl of the heated cultures were
then used to inoculate 10 ml fresh media. These were incubated at the optimal
conditions. Growth was observed visually according to turbidity and the increase in
absorbancy at 600 nm over the minimum of 48 hours or longer.

2.12.5 Antibiotic resistance test
Sensitivities

to

penicillin,

ampicillin,

neomycin,

tetracycline,

streptomycin,

vancomycin chloramphenicol and spectinomycin were determined by adding the
antibiotic to 10 ml aliquots of a suitable medium to obtain final concentrations of
10, 50 and 100 µg/ml. The cultures were incubated at the optimal conditions for 24
hours.
medium

Growth was recorded by measuring the absorbancy at 600 nm, using a
containing

antibiotic

without

inoculum

to

standardise

the

spectrophotometer. Growth in the culture containing no antibiotic was regarded as
100%.

2.12.6 Storage of pure bacterial
harbouring recombinant plasmids

cultures

and

clones

For each clone and pure bacterial isolate, 1 ml of a stationary phase culture was
centrifuged at 14000 rpm for 1 min and the supernatant removed. The pellet was
resuspended in 0.8 ml sterile fresh medium then transferred to a 1.8 ml tube
containing 200 µl of sterile 50% glycerol, giving a final concentration of 10%
glycerol. After mixing thoroughly by vortexing, the cell suspension was frozen and
stored at −70°C.
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CHAPTER 3: STUDIES OF BACTERIAL COMMUNITIES
IN THE FAIRLEA, COOINDA, ROCKVALE AND ACACIA
DOWNS BORES 1650 AND 1651 OF THE GAB BY
MOLECULAR METHODS BASED ON THE 16S RRNA
GENES.
3.0 Introduction
The Great Artesian Basin (GAB) of Australia underlies a very large portion of
Australia spanning approximately 1.7 million square kilometres across four states,
Queensland, New South Wales, South Australia and the Northern Territory (Figure
1.3). All five bores studied are located in western Queensland (Figure 3.1).

Figure 3.1: Orientation map of five GAB bores in relation to the Queensland
outback (small picture).
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The positions of the Fairlea, Rockvale, Cooinda and the two Acacia Downs bores
(marked o) are manually superimposed onto the Queensland map according to
their latitude and longitude coordinates.
The chemistry of the GAB water depends on the surrounding rocks. In general,
bicarbonate chemistry is predominant, especially toward the eastern part. Toward
the western part sulfate chemistry gradually emerges and the water hardness and
salinity increase (Habermahl, 1980; Habermahl, 1996). The water from the aquifer
is predominantly fresh and contains less than one gram per litre total dissolved
solids (T.D.S.), making it suitable for drinking and domestic use. However, the
detailed chemical composition of the water does vary from bore to bore depending
on the rock formation of the aquifers. The chemical composition of the water in the
five artesian bores studied is summarised in the Table 3.1.
Drilling bores is a way to get access to the GAB water. Construction of a bore
requires a suitable casing to stabilise the hole, prevent the collapse of the
surroundings and protect the pumping components in the borehole. The material
used for bore casings has to be strong enough to resist the pressure imposed by
the surroundings and the corrosive action of the water. Records show that the bore
casings used in the Fairlea, Acacia Downs 1650, Acacia Downs 1651 and Rockvale
bores were made of unspecified types of steel where as in Cooinda bore (4381)
steel casings were replaced with an unspecified type of plastic casings in June 1993
(5 months before sampling) (Queensland Department of Natural Resources and
Mines). General information on the five artesian bores studied is shown in Table
3.2.
The steel casings used in the GAB bores studied are unspecified types of steel.
However the most common materials used for this purpose are made from carbon
steels. Therefore four of the most common types of carbon steels used for bore
casings, ASTM-A53, ASTM-A53B, AS-1074 and AS-1396 were chosen for a
corrosion study. The chemical composition of these types of carbon steel is shown
in section 2.2.10.
The term “steel” is the common term used to refer to ferrous metals. Steel is made
from pig iron (melt iron). Pig iron is made by high temperature heating of coke and
the principal raw material, iron ore, in the presence of limestone. Carbon monoxide
gas formed from the burning of coke reduces iron oxides in the ore, yielding the
iron in the metallic state. Considerable amounts of various metals such as carbon,
silicon, phosphorus and sulfur also dissolve while the iron is melted. As a result the
pig iron obtained is extremely hard and brittle due to the impurities it contains
(Walker & Busk, 1996; Kalpakjian & Schmid, 2001).
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Steel making consists of the process of removing impurities from pig iron followed
by adding a designated amount of certain elements to obtain a desirable property
to the end metal product that suits its application. Often the elements added in this
process are among the elements that have been removed but the amounts added
are different. For example carbon is added to improve the strength, hardness and
wear resistance. Manganese is added to improve the hardenability, strength,
abrasion resistance and machinability. However, the addition of these elements
results in changes in other characteristics of the metals as well. For example, the
addition of carbon results in reduced ductility, weldability and toughness of the
steel (Walker & Busk, 1996; Kalpakjian & Schmid, 2001).
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Table 3.1: Summary of the chemical composition of the water from five artesian bores studied.
Names
and
registrations
number of bores.

Characteristics of water

Chemical contents (mg/L)

Conductivity
Hardness
Alkaline Total solids Total ions
Na
Fe
Mn
Mg
(µS/cm)
Fairlea 3768
441
68
153
265.96
340.15
65.9
0
0.11
4.3
Rockvale 69779
486
83
149
291.43
359.35
68.8
0.07
0.18
6.8
Cooinda 4381
570
27
262
368.96
490.07
120
0.80
0.05
0.2
Acacia Downs 1650
940
9
360
590.00
770.00
220
0.01
0.02
0.1
Acacia Downs 1651
1350
24
619
859.63
1195.52
330
0.01
0.01
1.2
Adapted from data obtained from Groundwater Database, Queensland Department of Natural Resources and Mines.

NO3

SO4

Ca

Si

HCO3

CO3

0
0
0.5
0.5
3.8

12.2
13.3
3.3
2.0
2.6

20.1
22.0
10.5
3.6
7.7

19
23
39
28
25

183.5
178.9
315.0
425.0
710.0

1.7
1.2
2.1
87.6
22.0

Table 3.2: Information on the five artesian bores from which water samples and genomic DNA were collected.
All the genomic DNA for use in 16S rRNA gene library constructions were collected in 1993 and 1994. An asterisk (*) indicates the collection
filters containing the bacterial communities which existed naturally in the sub-surface region in these bores of the GAB. NI= no information
recorded.
SterivexGS filter

Date
collected

Names
and
registrations
number of bores.

Material used in bore
casing (at the time of
sample collection)*

Bore
depth,
water
temperature, pH and
water flow rate (l/ min)*

Comments

A1*

3.11.93

Fairlea 3768

Steel (unspecified)

295.7 m, 42°C, pH 8.2, 9
l/min

PKA

23.2.94

Evidences of corrosion (Orange
material)
seen
in
the
surroundings

RVLT*

23.2.93

Rockvale 69779

Steel (unspecified)

335.9 m, 45°C, NI, pH
8.1, 4.5 l/min

4381*

2.11.93

Cooinda 4381

Plastic (unspecified)

1002.5 m, 72.5°C, pH
7.2, NI

Evidences of corrosion (Orange
material)
seen
in
the
surroundings
No evidences of corrosion seen in
the surroundings

Coo

15.2.94

AD

23.2.94

Acacia Downs 1650

PKCA*

23.2.94

Acacia Downs 1651

Steel (unspecified),
Open hole
Steel (unspecified)

920.5 m, 62°C, pH 8.4, 3
l/min
1098 m, 58°C, NI, NI

No evidences of corrosion seen in
the surroundings
Emitted methane which could be
lit

* Information taken from Groundwater Database, Queensland Department of Natural Resources and Mines except flow rates were from field measurements.
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In this chapter a molecular method based on characterisation of 16S rRNA genes
was employed to study the microbial community structures naturally existing at the
time of collection in 1993 and 1994 in four artesian bores of the GAB, Fairlea,
Cooinda, Rockvale and Acacia Downs 1651. The project also aims to investigate and
establish whether there are any links between corrosion of bores tapping the
artesian water and certain groups of bacteria dwelling in it. To investigate these,
metal coupons commonly used for bore castings were exposed to the artesian
water being emitted from the Fairlea, Cooinda and Acacia Downs 1650 bores. The
weights of the metal coupons remained after the exposure to the artesian water
were recorded. Bacterial populations natural to the Fairlea and Cooinda bores were
analysed and compared with the bacterial populations newly established after the
environmental alteration. Identification and comparative quantification of two
species (members of the community newly developed following the exposure to the
metal coupons) in the Fairlea bore site by 16S rRNA gene-targeted PCR probing
using the “Real-Time PCR” probing technique were successfully optimised.
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3.1 Materials and methods
3.1.1 Project plan

GAB Bore water

Exposure to metal coupons

Genomic DNA extraction from water

PCR amplification of 16s rRNA genes

Cloning of PCR products into pGEMR T−Easy vector

Transformation of recombinant vector into E.coli

Screening for positive transformant

Sequencing of 16s RNA genes from the positive clones

16s rRNA gene analysis

Specific probe design and synthesis

Enrichment,

isolation

and

characterisation of bacteria *

Identification, quantification of
bacteria using Real-Time PCR

Establishment of bacterial
communities of the GAB aquifers

Figure 3.2: Project plan.
Diagram showing the schematic plan used in studying bacterial diversity both
natural to the sub-surface of the Great Artesian Basin aquifers and after the water
was brought up to the surface and exposed to metal coupons of the materials
commonly used in bore casings. The processes indicated by * were carried out only
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on natural populations of the sub-surface aquifer. The results are presented in
Chapter 4 and Chapter 5.
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3.1.2 Sample collection and metal coupon treatment
Genomic DNA samples for use in the construction of 16S rRNA gene libraries were
collected in the form of total bacterial populations from each bore by passing two
litres of water from the bore head through Sterivex−GS filters (section 2.3). All
samples were collected in 1993 and 1994 (Table 2.1) and stored at −20°C until used
in 1997.
Natural bacterial populations were collected from Fairlea bore, Cooinda bore and
Rockvale bore in Sterivex−GS filters and named A1, 4381 and RVLT respectively in
the manner described in section 2.3.
After changes in environmental conditions were introduced at the Fairlea, Cooinda
Acacia Downs 1650 and Acacia Downs 1651 bores by passing the emitting water
through PVC pipelines that contained metal coupons (Section 2.2.10) for fifteen
weeks, the newly developed bacterial populations were collected from the PVC
pipelines using Sterivex-GS filters in the same manner (section 2.3). The filters
containing the bacterial populations newly developed in water redirected from the
Fairlea, Cooinda, Acacia Downs 1650 and Acacia Downs 1651 bores were called
PKA, COO, AD, PKCA and PKC respectively. The remaining weights of the metal
coupons were examined at three and fifteen week periods after the incubations
(section 2.3).
Genomic DNA was then extracted from the seven Sterivex-GS filters as described in
section 2.4.1. The DNA was later used in PCR amplification of the 16S rRNA genes
and for the construction of clone libraries (section 2.7–2.8). This project was
restricted only to the available samples. Ideally there should have been samples
available to construct two additional clone libraries, one representing the bacterial
population in the altered environment at the Rockvale bore, and another
representing the bacterial population which naturally existed in the Acacia Downs
1650 bore. The two additional libraries would have permitted a comparison
between the natural populations and the newly established populations after the
alteration of the environmental conditions for Rockvale and Acacia Downs 1650
bores. However, this project was restricted only to the available samples.

3.1.3 16S rRNA gene cloning and library construction
A 16S rRNA gene clone library was constructed from the PCR-amplified products of
genomic DNAs from each of the six filters A1, 4381, RVLT, PKA, COO and AD.
Hence the clone libraries’ names. Two libraries, PKC and PKCA, were constructed
from genomic DNA from the PKC filter.
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16s rRNA genes were amplified using two universal bacterial 16s rDNA primers Fd1
and Rd1 (section 2.6) by PCR as described in section 2.7.1 using genomic DNA from
each of the seven filters as templates. The PCR-amplified products from three 50 µl
reactions were pooled, electrophoresed and purified using the QuiQuick Gel
Purification Kit (Quigen) according to the manufacturer’s recommended protocols.
Afterward the purified products were inserted into a TA cloning vector pGEM®-T
easy vector (Promega). Then the recombinant plasmids were used to transform
either competent E. coli DH5α (section 2.8.1) by the electroporation method
(section 2.8.2) or the commercial competent E. coli product JM109 (Promega)
according to recommended protocol. Rapid screening of white colonies for
transformants with full size inserts was carried out using the boiling method
(section 2.8.3).

3.1.4 16S rRNA gene sequencing and analysis
Plasmid DNAs were extracted from 50 random white colonies with full-size inserts
using Quigen miniprep kits (section 2.8.4). The plasmids were partially sequenced
with T7 and SP6 primers. Similarities in these partial sequences of the 16S rRNA
genes were used to put the clones into a phylogroup. The ClustalW multiple
sequence alignment option in BioEdit (Hall, 1999) together with BLASTN search
results (Altschul et al., 1997) were used to guide the phylotype-grouping. For each
representative clone both strands of the entire 16S rRNA genes were fully
sequenced (section 2.9) using an ABI 373a automated sequencer with Prism
dideoxy terminator (Applied Biosystems). The primers used for the 16S rRNA gene
sequencing (section 2.6) have been described previously. Partial sequences
generated from each sequencing primer were assembled and analysed (section
2.10) in order to establish their phylogenetic positions in the phylogenetic
evolutionary tree. The representative clone of each phylotype was stored at –20°C
in a medium containing 20 % glycerol (section 2.12.6).

3.1.5 Identification and comparative quantification of two
species in the Fairlea bore by Real-Time PCR probing.
Section within the 16S rRNA genes were PCR amplified with primers Fd1 and R5
using mixed genomic DNA extracted from the Fairlea bore as templates. The 16S
rRNA genes belonging to a Leptothrix-like and Desulfotomaculum-like species of
interest which were represented by clones PKA23B and PKA34B respectively were
expected to be amplified during the process. The formations of these specific PCR
products were monitored simultaneously by probing with Cy5-labelled probe Cy5
1045 (universal to members of the domain Eubacteria) in coupling with a FITClabelled probe 23B or 34B designed specifically for clone PKA23B and clone PKA34B
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respectively as well as the species they represent. The monitoring were made
possible through measuring the fluorescence emission due to the Fluorescence
Resonance Energy Transfer (FRET) from FITC to Cy5 dye during PCR using a hot air
thermal cycler LightCyclerTM (Idaho Technology). The fluorescence emission due to
FRET takes place only when FITC-labelled probe and Cy5-labelled probe are
brought into close proximity by binding to specific PCR products at adjacent
positions which are separated by only one nucleotide. So there has to be specific
products formed during amplification for the two probes to bind and for the
fluorescence emission to take place. The increase of the fluorescence emission
correlates to the amount of the specific products formed as the amplification
progress. The more the product formed the more intense the fluorescence emission
measured. The number of PCR cycle required for the fluorescence emission to
increase to a particular level (threshold value) is related to the initial amount of the
DNA template available for amplification. Therefore the earlier the fluorescence
emission reached the threshold value during PCR, the greater the amount of DNA
template was initially present.
Identification of the two bacterial species represent by clone PKA23B and clone
PKA34B were also possible by determining the melting temperatures of their
specific PCR products formed. For this purpose of identification, the LightCyclerTM
was programmed to heat the PCR products from 50°C to 94°C at the end of PCR
amplification and probing. As the temperature increase double-stranded DNA
denature and fluorescence emission decreases as the fluorescence-labelled probes
dissociate from the PCR product. The decrease of fluorescence emission was
monitored during the heating. The fastest rate at which the DNA denatured was
determined and defined as a melting temperature.
Each PCR reaction was set up with a total volume of 10 µl and loaded into a glass
capillary tube and snap sealed with a plastic cap. To minimise the variation between
samples, a master mix was always made for all samples in the same run. However
the compositions for each reaction were 0.5 µM of forward primer Fd1, 0.5 µM of
reverse primer R5, 0.16 µM of fluorescein−labelled probe (probe 23B or 34B), 0.2
µM of Cy5−labelled probe (probe Cy5_1046), 1.0 µl of 10x buffer (30 mM MgCl2), 20
µM of dNTP, 0.4 unit of Taq polymerase, a designed amount of template DNA
(genomic DNA from Fairlea or plasmid DNA of known concentration) and H2O to
make up to the final volume of 10 µl. (2 µl and 5 µl of 1/10 dilution of mixed
genomic DNA from Fairlea were used as template DNA in PCR probing with probe
23B and probe 34B respectively).
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Genomic DNA from Fairlea as well as serially diluted plasmid PKA23B at the
concentrations of 52.33, 5.233, 0.5233, 0.05233 and 0.005233 ng/µl were used as
template DNA in PCR probing with the 23B probe. As described in methods, a
standard curve of initial plasmid PKA23B DNA concentration versus the cycle
number at which the fluorescence exceeded the threshold level was drawn. Then
the cycle number at which the fluorescence increased above the threshold in PCR
probing of mixed genomic DNA from Fairlea was identified. The initial concentration
of 16S rDNA belonging to bacterial species represented by clone PKA23B in the
mixed genomic DNA from Fairlea could be determined from the standard curve
drawn.
The initial concentration of the 16S rDNA belonging to bacterial species represented
by clone PKA34B in the mixed genomic DNA from Fairlea was determined in the
same way. A standard curve of initial plasmid PKA34B DNA concentration versus
the cycle number at which the fluorescence exceeded the threshold level was drawn
from PCR probing with probe 34B of serially diluted plasmid PKA34B to 117.8,
11.78, 1.178, 0.1178, 0.01178, 0.001178 ng/µl.

3.2 Results
3.2.1 Corrosion of metals commonly used in bore casing
Table 3.3: Percentage (%) weight loss of metal coupons following
exposure to the GAB water for three and fifteen weeks (w) at four artesian
bores.
In most cases a loss in weight of metal coupons was observed after incubation
except where indicated by an asterisk (*), in which case a slight gain in weight of
metal was recorded.
Metal type

ASTM-A53B

ASTM-A53

AS-1074

AS-1396

Initial weight at incubation

89.65 g

66.10 g

59.82 g

72.16 g

% weight loss after (weeks)

3W

15W

3W

15W

3W

15W

3W

15W

Cooinda

0.01

0.03

0.01

0.08

0.06

0.08

0.03

0.07

*

*

*

Acacia Downs 1650

0.01

0.12

0.03

0.17

0.04

0.27

0.01

0.25

Fairlea

0.11

3.36

0.08

3.56

0.51

4.72

0.12

3.49

Rockvale

0.08

3.38

0.11

4.28

0.12

4.13

0.11

4.17
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3.2.2 16S rRNA
construction

gene

amplification

and

clone

library

Total bacterial population naturally present in Fairlea, Cooinda, Rockvale and Acacia
Downs 1651 bores were collected in Sterivex-GS filters labelled A1, 4381, RVLT and
PKCA respectively. Water from three bores, Fairlea, Cooinda and Acacia Downs
1650 bores were exposed to metal coupons. Bacterial populations developed after a
fifteen week period were collected in Sterivex-GS filters labelled PKA, COO, and AD
respectively. Genomic DNAs extracted from each of the 7 filters were PCRamplified. One library was constructed for each of the filters except PKC filter, for
which two libraries, PKC and PKCA were constructed.
PCR products used to set up the PKC library were purified by using QuiQuick PCR
Purification Kit (Quigen). The library yielded 8 colonies containing full-length genes
out of 153 white colonies from the total 886 transformants plated out. In contrast
PCR products used to set up the PKCA library were Gel-purified. The PKCA library
gave 342 white colonies (81%) from the total 420 transformants plated out.
Screening of 50 white colonies by the rapid boiling method showed only one clone
containing an insert shorter than a control with a 1.5 kb insert.
Six other 16S rRNA gene libraries were successfully set up from gel-purified PCRamplified products of genomic DNA from Sterivex-GS filters labelled A1 and PKA
from the Fairlea bore, COO and 4381 from the Cooinda bore, AD from the Acacia
Downs 1650 bore and RVLT from the Rockvale bore (see section 2.3 for description
of bores and samples). The percentages of positive transformants (white colonies)
obtained in all libraries were between 80-85% and 96-100% of these positive
transformants contained vectors with full size inserts of about 1.5 kb.
From the analyses of T7 and SP6, partial sequences of randomly picked clones from
the eight libraries constructed, there were 35 phylotypes in total identified: four
phylotypes in PKA, six phylotypes in A1, four phylotypes in COO, six phylotypes in
4381, three phylotypes from AD, three phylotypes from PKCA (same as in PKC
library) and nine phylotypes in RVLT library.

3.2.3 16S rRNA gene sequence analysis and phylogeny
Table 3.4 shows the BLASTN results of full-length 16S rRNA gene sequences of
representatives of each phylotype obtained from eight libraries labelled A1, 4381,
PKC and PKCA, RVLT, PKA, COO and AD. The similarities of the clones to sequences
in the GenBank database ranged from 87% to 99% for species members of five
phyla

Aquificae,

Deinococcus-Thermus,

Nitrospirae,

Firmicutes

and

the
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Proteobacteria of the domain Eubacteria. The majority of the clones were related to
members of the β-proteobacteria and α-proteobacteria classes.
Chimeric clones represent 5-14 % of the clones in the A1, COO, 4381 and AD
libraries. There was no chimeric clones found in the PKA, PKCA and RVLT libraries.
Some fully-sequenced representative clones showing low overall similarity to
sequences in the database were also of a chimeric nature rather than representing
a novel species. Examples of these clones are AD13, AD19 and AD21 from the AD
library and clone 4381-19 from the 4381 library.
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Table 3.4: BLASTN results of the 16S rRNA gene sequences from seven
clone libraries.
Clone

PKA7

Frequency
in clone
library (%)
7

BLASTN result of phylogenetic relatives

Accession
number

Ralstonia sp. str. PHS1
Ralstonia eutropha
Herbaspirillum sp. str.B501
Paucimonas lemoignei str. LMG 16480=A62
Leptothrix sp. str.MBIC3364
β-proteobacterium str. A0640

AF239160
AF027407
AB049133
X92554
AB015048
AF236010

Similarities of the
16S rRNA genes
(%)
1477/1485 (99%)
1426/1476 (98%)
1427/1476 (96%)
1410/1468 (96%)
1361/1416 (96%)
1420/1492 (95%)

PKA18,
PKA19
PKA23B

21

PKA34B
Satlelite
A1-3,
A1-9
A1-11

50
7
45

Desulfotomaculum putei str. SMCC W464

AF053934

1319/1383 (95%)

Isolate Boom-7m-04

Z73450

827/847 (97%)

4

A1-15

4

A1-19

4

A1-23

14

A1-7 *
Chimeric
COO1

14
14
4

Saltmarsh clone LCP-6
Unidentified Nitrospira group OPB67A
Ralstonia pickettii str RAL01, LMG 7160
Ralstonia detusculanense
Acidovorax sp BSB421
Acidovorax temperans
Azospirllum lipoferum
Uncultured bacterium clone IIIA-9
Dechlorosoma suillum

AF286037
AF027001
AJ270260
AF280433
Y18617
AF078766
M59061
AJ488096
AF170348

962/1022 (94%)
701/773 (90%)
1334/1373 (97%)
1469/1529 (96%)
1358/1442 (94%)
1347/1428 (94%)
1138/1245 (91%)
1330/1465 (90%)
444/445 (99%)

COO3
COO5 *
COO25
Chimeric
4381-1
4381-3
4381-4
4381-5 *
4381-15,
4381-25
4381-27
Chimeric
AD7
AD17
AD23
Chimeric
PKCA1,
PKCA4

16
24
48
8
14
14
5
5
52

Thermaerobacter subterraneus
Thermaerobacter marianensis
Hydrogenobacter thermophilus T3
Leptothrix sp MBIC3364
Thermus sp. NMX2 A.1

AF343566
AB011495
Z30189
AB015048
L09661

462/507 (91%)
461/507 (90%)
1472/1515 (97%)
1098/1130 (99%)
1461/1471 (99%)

Stenotrophomonas maltophilia
Uncultured sludge bacterium A3
Methylobacterium sp str.F42
Acinetobacter sp.
Hydrogenophaga flava

AJ131784
AF234730
D32235
X89709
AB021420

1495/1502
1301/1483
1386/1405
1091/1104
1447/1520

Comamonas acidovorans

AB021417

1505/1525 (98%)

Uncultured hydrogen-oxidizing bacterium
Hydrogenophilus thermoluteolus str.TH-1
Thermus sp. str. NMX2 A.1

AF072920
AB009828
L09661

1415/1516 (93%)
1452/1468 (98%)
1461/1471 (99%)

AF177943
AF125877

1489/1493 (99%)
1293/1314 (98%)

PKCA2,
PKCA5
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PKCA35

17

AY027498
AB021420
AF177943
AF125877

1448/1516
1445/1519
1429/1494
1470/1532

(95%)
(95%)
(95%)
(95%)

RVLT9

9

RVLT11

27

RVLT13
RVLT15

5
19

RVLT17

14

RVLT19

9

Tepidimonas ignava
Dehydroabietic acid-degrading bacterium
DhA-3
Arsenite-oxidizing bacterium NT-5
Hydrogenophaga flava
Tepidimonas ignava
Dehydroabietic acid-degrading bacterium
DhA-3
Tepidimonas ignava
Desulfotomaculum sp. str. DSM 7440
Desulfotomaculum ruminis
Sterolibacterium denitrificans str. Chol-1S
Uncultured β-proteobacterium SBR1021
Unidentified denitrifying bacterium 72Chol
Uncultured bacterium clone GOUTA19
β-proteobacterium F1021
Pseudomonas spinosa ATCC 14606T
Aquaspirillum delicatum
Hydrogenophaga intermedia
Unidentified β-proteobacterium OPB37
Azoarcus sp. str. EbN1
Desulfotomaculum ruminis

AF177943
Y11579
Y11572
AJ306683
AF204250
Y09967
AY050588
AF236005
AB021387
AF078756
AF019037
AF026985
X83531
Y11572

1259/1312
1333/1385
1439/1520
1437/1531
1368/1462
1387/1468
1324/1428
1444/1490
1375/1428
1432/1492
1419/1484
1362/1461
1401/1517
1241/1300

(95%)
(96%)
(94%)
(93%)
(93%)
(93%)
(92%)
(96%)
(96%)
(95%)
(95%)
(93%)
(92%)
(95%)

14

5
5
38
4
46
13
22

(99%)
(87%)
(98%)
(98%)
(95%)
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Table 3.4: Continued.
RVLT21

5

RVLT33
RVLT43

5
5

RVLT49

5

Dechloromonas sp. str. MissR
Propionivibrio dicarboxylicus
Saltmarsh clone LCP-6
Tepidimonas ignava
Uncultured synthetic wastewater bacterium
tmbr15-22
Sphingomonas subterranea

AF170357
Y17601
AF286037
AF177943
AF309815

1395/1525 (91%)
1304/1420 (91%)
961/1022 (94%)
1449/1494 (96%)
1466/1524 (96%)

AB025014

1258/1279 (98%)

Asterisks (*) indicate partial sequences.
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Figures 3.3 and 3.4 are dendrograms showing the phylogenetic placement of all the
phylotypes from the seven communities among their closest bacterial relatives. The
diversity of bacteria associated with the five bores examined was limited to five
phyla which are the Aquificae, the

“Deinococcus-Thermus”, the Nitrospirae, the

Firmicutes and the Proteobacteria. The only clone affiliated with the phylum
Aquificae was clone COO3 from Cooinda bore (Figure 3.3). Unlike members of other
taxa exist in this environment, the members of the β-proteobacteria and αproteobacteria classes are very diverse. There was only one clone, 4381-1,
affiliated with the γ-proteobacteria class. No clone was closely related to members
of the δ-proteobacteria and ε-proteobacteria classes of the Proteobacteria phylum.

0.05

94
100

Hydrogenobacter thermophilus T3 (Z30189)
Hydrogenobacter subterranea HGP1 (AB026268)
COO3

100
89

Hydrogenobacter hydrogenophilus Z-829T (Z30242)
Hydrogenobacter thermophilus TK-6 IAM-12695 (Z30214)

Aquifex pyrophilus Kol5a (M83548)

Figure 3.3: A dendrogram showing a phylogenetic placement of clone COO3
among members of the phylum Aquificae.
GenBank accession numbers are presented in brackets. The masked data set
included 1475 non-ambiguous nucleotides. Aquifex pyrophilus Kol5a (M83548) was
used as an out-group species.
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Comamonas sp. str. 158.
4381-27
Acidovorax avenae ATCC 19307T (AB021421)
A1-19
RVLT15
Hydrogenophaga flava DSM 619T (AB021420)
Arsenite-oxidizing bacterium NT-5 (AY027498)
Pseudomonas spinosa ATCC 14606T (AB021387)
Brachymonas denitrificans JCM 9216T (D14320)
PKCA35
99
100 PKCA2
PKCA5
100
4381-15
Leptothrix sp. MBIC3364 (AB015048)
100
PKA23B
Alcaligenes latus IAM 12599 (D88007)
RVLT43
99
Beta proteobacterium str. DhA-73 (AF125877)
PKCA1
100
Tepidimonas ignava SPS-1037T (AF177943)
PKCA4
AD19
AD17
100
Hydrogenophilus thermoluteolus TH-1 (AB009828)
RVLT21
100
RVLT17
Unidentified beta proteobacterium OPB37 (AF026985)
Azoarcus anaerobius 16S DSM 12081T (Y14701)
Sterolibacterium denitrificans Chol-1S (AJ306683)
100
100 92
Str. 72Chol (Y09967)
β-Proteobacteria
RVLT11
AD13
100
AD7
100
A1-3
100
PKA19
100
Herbaspirillum seropedicae DSM 6445T (AJ238361)
97
A1-15
95
Ralstonia eutropha JS705 (AF027407)
100
PKA7
γ-Proteobacteria
99
100 Stenotrophomonas maltophilia LMG10877 (AJ131784)
Proteobacteria
4381-1
Azospirillum lipoferum NCIMB 11861T (Z29619)
100
A1-23
94
Uncultured sludge bacterium A3 (AF234730)
4381-3
100
α-Proteobacteria
RVLT49
100
99
Sphingomonas subterranea IFO16086 (AB025014)
Methylobacterium
radiotolerans JCM 2831T (D32227)
100
Methylobacterium sp. str. F42 (D32235)
100
4381-4
Thermaerobacter subterraneus (AF343566)
COO1
Thermacetogenium phaeum str. PB
99
100
RVLT19
Firmicutes
100
Desulfotomaculum putei SMCC W464 (AF053934)
100

RVLT9
PKA34B
COO25
“Deinococcuss-Thermus” 100
100
Thermus sp. NMX2 A.1 (L09661)
AD23
AD21
Thermodesulfovibrio islandicus R1ha3 (X96726)
Nitrospirae
Magnetobacterium bavaricum (X71838)
100
Uncultured bacterium clone GOUTA19 (AY050588)
Clone OPI-2 from Octopus Spring (L22045)
RVLT13
Saltmarsh clone LCP-6 (AF286037)
100
RVLT33
0.05
100
A1-11
100

Figure 3.4: Dendrogram showing a phylogenetic placement of all the
representative clones from all seven communities along with their closest
relatives.
GenBank accession numbers are presented in brackets. The masked data set
included 1166 non-ambiguous nucleotides. Hydrogenobacter subterrranea HGP1
(AB026268) was used as an out-group species. Phyla and classes are indicated
near the corresponding nodes in bold and italics. The numbers at the nodes indicate
the bootstrap values from 90. Sequences in bold show chimeric clones. The bar
indicates 5 nucleotide substitutions per 100 bases.

63

The phylogenies of bacterial members of the seven different communities are
compared in Table 3.5. The A1 library (Fairlea), 4381 library (Cooinda) and RVLT
library (Rockvale) were naturally dominated by clones related to members of the βproteobacteria. The changes of environment introduced resulted in changes of the
bacterial community structures. The species which proliferated in the communities
before and after the changes were different. The diversity of the community
members was found to decrease following the changes in the environment. Clones
dominating the libraries made from the newly established communities were also
different. Clone members of the newly established communities appeared to belong
to groups of species which benefited from the presence of metal coupons. In the
experiment on Fairlea bore, the dominating clones changed from members of βproteobacteria before the environmental modification to members of Firmicutes
after the modification; and in the case of the Cooinda bore, from members of the βproteobacteria to members of Thermus. These members of the Firmicutes and
Thermus groups are known to metabolise metals in several different ways.
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Table 3.5: Comparison of the phylogenetic affiliations of 16S rRNA gene clones of the bacterial populations from the seven bores.
The frequency of each clone occurring in each library is represented in percent (%).
Phylogenetic affiliation

PKA
Fairlea +metal
Clone

%

A1
Fairlea

Clone

%

Aquificae
Hydrogenobacter thermophilus T3

COO3

16

Deinococci-Thermus
Thermus sp. NMX2 A.1

COO25

48

Nitrospirae
Unaffiliated

Clone

COO
Cooinda+metal

A1-11

%

4381
Cooinda
Clone

%

AD
Acacia Downs
1650
Clone
%

AD23

PKCA and PKC
Acacia Downs
1651
Clone
%

RVLT
Rockvale
Clone

%

RVLT33
RVLT13

5
5

RVLT49

5

RVLT43

5

RVLT11

27

46

5

Proteobacteria

α-proteobacteria
Sphingomonas subterraneae SMCC
B0478
Phenylobacterium immobile str.E
Methylobacterium sp str.F42
Unaffliliated

β-proteobacteria
Ralstonia sp. str. PHS1
Ralstonia pickettii str RAL01, LMG
7160
Comamonas acidovorans
Leptothrix sp MBIC3364
Hydrogenophilus thermoluteolus
str.TH-1
Tepidimonas ignava
Tepidimonas
Herbaspirillum sp
Dechlorosoma suillum
Unaffliliated

PKA7

PKA23B

A1-23

14

A1-15

5

4381-4
4381-3

5
14

4381-27

5

7

14

COO5

24
AD17

4
PKCA1,
PKCA4

PKA19

22

21
A1-7
A1-3,
A1-9

14
46

4381-15,
4381-25

52

AD7

38

PKCA2,
PKCA5
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Table 3.5: Continued
A1-19

5

PKCA35

γ-proteobacteria
Stenotrophomonas maltophilia
Acinetobacter sp.
Firmicutes
Desulfotomaculum
Unaffliliated
Unaffliliated

4381-1
4381-5

PKA34B

50

COO1

17

RVLT15
RVLT17
RVLT21

18
14
5

RVLT9
RVLT19

9
9

14
5

4
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3.2.4 Identification and comparative quantification of two
species in the Fairlea bore by Real-Time PCR probing.
The amplification of the 16S rRNA genes belonging to Leptothrix-like and
Desulfotomaculum-like species, which were represented by clone PKA23B and
PKA34B respectively, were monitored in real time by continuously measuring the
fluorescence emitted as the specific PCR products increased. Figures 3.5 and 3.7
show that probing of the Leptothrix-like and Desulfotomaculum-like species in the
genomic DNA extracted from the Fairlea bore with probe 23B and 34B respectively
resulted in the increases of the fluorescence emission. The Leptothrix-like species
was detected in the genomic DNA from the Fairlea bore after the PCR cycle 30. The
initial DNA available for this specific amplification was estimated to be equivalent to
the amount of amplifiable 16S rDNA present in 0.0355 ng/µl of the recombinant
plasmid PKA23B DNA based on the standard curve drawn (Figure 3.6). The
Desulfotomaculum-like species, represented by clone PKA34B, was detected in the
same genomic DNA from Fairlea bore after PCR cycle 25. The initial DNA
concentration available for this specific amplification was estimated to be equivalent
to the amount of amplifiable 16S rDNA in 0.63 ng/µl of the recombinant plasmid
PKA34B DNA using the standard curve on Figure 3.8.
Note that a linear relationship between the log10 concentration of initial DNA versus
the PCR cycle number is achieved only within a certain range. Outside this range
the relationship is no longer linear. For the data set in Figure 3.5, a linear
relationship is seen in Figure 3.6 from an initial DNA concentrations of 5.223 ng/µl
down to 0.005233 ng/µl (dilutions 10-2 to 10-5 of the reference samples). The most
concentrated and most dilute samples (10-1 and 10-6) appeared outside this linear
range as judged by the level set by the noise band (as in Figure 3.5). However, the
range of concentrations used to calculate the value of the unknown sample was
within the linear range. In addition, whether the data set was plotted with or
without the first data point (with the cycle number at which the fluorescence
increases estimated by eye instead of by the value obtained at the noise band level
like the rest of the data points), the standard curves obtained were not different.
The first data point has been kept because it provided an improved view of the data
set in Figure 3.5. A similar situation occurred with the first data point (10-1 dilution)
of the referencing data set in the case of PCR probing with the 34B probe (Figures
3.7 and 3.8).
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10-1
10-2
0.1

10-3
10-4

Fluorescence
F2/F1

10-5
10-6
GENOMIC
Noise band

0.0

-ve control
water
1 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Cycle Number

Figure 3.5: Continuous monitoring of fluorescence emission during RealTime PCR probing of serially diluted PKA23B plasmid DNA and genomic
DNA from Fairlea bore with the 23B probe.
2 µl each of six-fold serially diluted PKA23B plasmid DNA at concentrations from
52.33–0.005233 ng/µl were used as standard DNA templates along with 2 µl of a
1/10 dilution of mixed genomic DNA from Fairlea bore. The amplification primers
used were Fd1 and R5. The FITC-labelled probe used was the 23B probe, which was
specific for clone PKA23B. The universal probe labelled with Cy5 used was the
Cy5_1046 probe. The annealing temperature was set at 50°C.

3
2

log10 conc of DNA
(ng/µl)

1
0
-1
-2
-3
0
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10
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25

30

35

40

CYCLE NUMBER
Figure 3.6: The straight-line standard curve of log10 initial concentration of
the PKA23B plasmid DNA template versus the cycle number at which the
fluorescence exceeded the threshold level.
The standard curve was obtained by running a set of PCR reactions containing
serially diluted PKA23B plasmid DNA at 52.33, 5.233, 0.5233, 0.05233, 0.005233
and 0.0005233 ng/µl as template DNA.
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Figure 3.7: Continuous monitoring of fluorescence emissions during RealTime PCR probing of serially diluted PKA34B plasmid DNA and genomic
DNA from Fairlea bore made with the 34B probe.
2 µl each of six-fold serially diluted PKA34B plasmid DNA at the concentrations of
117.8–0.001178 ng/µl were used as standard DNA templates along with 5 µl of a
1/10 dilution of mixed genomic DNA from Fairlea bore. The amplification primers
used were Fd1 and R5. The FITC labelled probe used was the 34B probe, which was
specific for clone PKA34B. The universal probe labelled with Cy5 used was
Cy5_1046 probe. The annealing temperature was set at 50°C.
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Figure 3.8: The straight-line standard curve of log10 initial concentration of
the PKA34B plasmid DNA template versus the cycle number at which the
fluorescence exceeded the threshold level.
The standard curve was obtained by running a set of PCR reactions containing
serially diluted PKA34B plasmid DNA at 117.8, 11.78, 1.178, 0.1178, 0.011783 and
0.001178 ng/µl as template DNA.
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In addition, melting temperature of the PCR products can also be determined and
used to distinguish bacterial species. The association between fluorescence-labelled
probes and PCR products of different templates in the mixed genomic DNA has a
unique melting temperature, the temperature at which the decrease of fluorescence
emission with respect to temperature occurs at the fastest rate. Figure 3.9 showed
the melting profiles of two specific PCR products of the 16S genes belonging to the
Leptothrix-like species and Desulfotomaculum-like species in the mixed genomic
DNA extracted from Fairlea bore as well as the control recombinant plasmids after
the PCR amplification. As the temperature increased, the DNA (PCR products)
denatured and the fluorescence emission decreased as the result. Figure 3.10
showed the negative derivative of the fluorescence emission with respect to
temperature plotted against temperature. PCR products of genomic DNA from
bacterial species represented by clone PKA23B and PKA34B showed their unique
melting temperatures at 68°C and 72°C respectively. Figures 3.9-3.10 are on the
following page.
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Melting temperature of the specific PCR products formed can be determined and
used for the purpose of identification of microbial species.

plasmid PKA34B / 34B probe
Genomic DNA / 23B probe

Fluorescence
F2/F1

Genomic DNA / 34B probe
Water / 34B probe

Temperature °C

Figure 3.9: Continuous monitoring of the decrease in fluorescence
emissions during DNA denaturation of PCR products by heating after RealTime PCR probing of genomic DNA from Fairlea bore with the 34B probe
and the 23B probe.
2 µl and 5 µl of a 1/10 dilution of mixed genomic DNA from Fairlea were used as a
template DNA in real time PCR probing with the FITC-labelled probes 23B and 34B
respectively. Plasmid PKA34B DNA (2 µl of 11.78 ng/µl) was used as a positive
control while probing with the 34B probe. The amplification primers used were Fd1
and R5. The universal probe labelled with Cy5 used was the Cy5_1046 probe. The
annealing temperature was set at 50°C.
.03
plasmid PKA34B / 34B probe
.02
-dF/dT

Genomic DNA / 34B probe
.01

Genomic DNA / 23B probe
Water / 34B probe
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Figure 3.10: The negative derivative of the fluorescence (as in Figure 3.9)
with respect to temperature plotted against the temperature.
The temperature at which the change in fluorescence with respect to temperature
occurs at the fastest rate is defined as the melting temperature. The associations
between PCR products of different templates (in the mixed genomic DNA) and the
fluorescence-labelled probes have unique melting temperatures. PCR products of
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genomic DNA from bacterial species represented by clone PKA23B and PKA34B
showed melting temperatures at 68°C and 72°C respectively.

3.3 Disscussion
3.3.1 Genomic DNA extraction, 16S rRNA gene amplification
and clone library construction
The first 16S rRNA gene clone library was set up from PCR-amplified products of
the genomic DNA from Sterivex-GS filter PKC from Acacia Downs 1651 and hence
the library was called PKC. Out of the total 886 transformants, there were 153
white colonies. Only 8 of these white colonies contained recombinant vectors with
the 1.5 kb insert. Screening by rapid boiling showed that the rest of the white
colonies appeared to contain the vector with short inserts. Partial sequencing with
T7 and SP6 primers confirmed that inserts in these clones were of primer dimer or
short oligonucleotides of a few bases. The low percentage (17%) of positive
transformants

(white

colonies)

indicated

low

transformation

efficiency.

The

percentage (0.9%) of positive transformants containing full size inserts obtained
was also extremely low, indicating problems with ligation efficiency. Therefore the
process of clone library construction was repeated. The fact that the majority of the
white colonies contained vectors with short inserts ranging from 40 to 50 bases
suggested that short oligonucleotides may had been present in the PCR products
used in ligation and that the use of the QuiQuick PCR Purification Kit (Quigen) to
clean up the PCR products may not have efficiently removed the oligonucleotides.
Therefore PCR products of the same batch of genomic DNA from Acacia Downs bore
were gel-purified before being used to set up the second library, named PKCA. The
percentage of positive transformants obtained improved greatly to 81%. 98% of
these positive transformants contained vectors with full size inserts of about 1.5 kb.
However, the same three phylotypes were obtained from both the PKC and the
PKCA libraries.
Although the method of studying microbial community structure by characterisation
of the 16S rRNA gene offers many advantages over the conventional methods, like
other techniques, it does have its drawbacks. DNA extraction, PCR amplification
(Suzuki & Giovannoni, 1996); (Reysenbach et al., 1992) cloning artefacts such as
chimeric formation (Wang & Wang, 1996; Wang & Wang, 1997); (Hugenholtz &
Huber, 2002) genome size and gene copy number (Farrelly et al., 1995) have been
known to influence the outcome of an investigation. Therefore as a precaution it
was ensured that the cells were broken up well in the lysing step by using relatively
high concentrations of SDS and NaCl. SDS and NaCl have been reported to enhance
and improve cell lysing, resulting in an increase of the total DNA extracted (Miller et
al., 1999). No unlysed cell was observed when the samples were checked
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microscopically for intact cells after the cell-lysing step was completed. Several PCR
reactions were set up to determine optimal conditions for amplification by varying
temperature, salt concentration and the amount of initial templates used for each
sample prior to setting up the PCR amplification actually used in cloning. PCR
products were gel-purified to exclude short oligonucleotides from interfering in the
recombination step and to maximise the number of transformants with full-length
inserts. The PCR amplification, recombination and transformation steps carried out
in this project appeared to be consistent and reproducible in regards to the
recovering of phylotypes. The two separate libraries, PKC and PKCA, gave the same
results of the same four phylotypes recovered in spite of being constructed
independently from each other (but from the same batch of genomic DNA).

3.3.2 The
precaution

evolutionary

tree

as

a

phylogenetic

tool:

A

The quality of any phylogenic tree depends greatly upon the accuracy of the
sequence alignments used as input. Ideally, the sequence has to be aligned in such
a way that it has maximum conformity with the secondary structure. At present,
there has not appeared any software capable of producing an automated alignment
conforming ideally with the secondary structure. The sequence alignments in the
RDP database, which we all rely upon heavily, have been recognised here and in
the past to be not totally conformed to the secondary structure in many places
(Huestis, 1996).
Some wrong alignments present in the RDP database are considered here. Selected
examples illustrate a significant difference between a manual alignment and the
RDP automated alignment. The alignments of hairpin 10 (H10) in Bacillus niacin,
“Candidatus Magnetobacterium bavaricum” and Thermodesulfovibrio islandicus str.
R1ha3i as they appear in the RDP database are compromised because they do not
have maximum conformity to the secondary structures. There exist better
alignment options that better conform to the secondary structure as shown below
(Figure 3.11). The wrong alignment would ultimately lead to many bases being
omitted and wrong bases being compared in the phylogenetic tree construction.
As shown in the figure 3.11, the three base pairs constituting the base of H10 in
B.niacini were aligned as CUC according to the RDP database assuming the E. coli
|||
GAG
model. But H10 in B. niacini is extended and made up of 11 base pairs, rather
than 5 base pairs as seen in E. coli. An alternative alignment of
CUUUUCCUC UC
||||.||||
)
GAAAGGGAG UA

would certainly be more accurate.
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Having sequences correctly aligned is absolutely necessary in order to construct a
phylogenetic tree which truly reflects the phylogeny of the sequences. Wrong
alignments result in the wrong bases being recognised and taking part in the
phylogenetic analysis, hence would lead to false phylogenetic distances being
obtained. A species is very likely to be considered novel if the phylogenetic tree
obtained has shown that its relationship with what has previously existed in the
database is only distant. Evolutionary distances used in constructing a tree depend
in a cause and effect manner on the alignments. Therefore if a number of cases of
wrong alignments exist, as seen here for hairpin 10, the phylogenetic distance
obtained between two related groups would not be accurate. These inaccuracies
could ultimately lead to a misclassification. Two related bacteria could then be
interpreted as being distantly related and one or both of them would hence be
recognised as belonging to different taxa when they are supposed to belong
together.
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Figure 3.11: Secondary structures of the 16S rRNA of Bacillus niacini, Thermodesulfovibrio islandicus and “Candidatus
Magnetobacterium bavaricum”.
The structures obtained from the RDP are compared here to alternative aligned secondary structures created manually.

RDP alignment of
B.niacini

RDP alignment of
E. coli
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C
U
U
U
U
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|||
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U
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3’

Alternative
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||||.||||
) H10
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Figure 3.11: continued.
RDP
alignment
“Candidatus
Magnetobacterium
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When a phylogenetic tree is constructed only the bases present in all the sequences
are considered. A tree comprising a large number of sequences belonging to diverse
groups would give less accurate relationships between related sequences. Large
trees containing diverse sequences rely on changes only in very conserved regions
being selected for analysis. Changes in more variable, less conserved regions are
excluded because these regions are not present across all groups hence can not be
compared. This selection process will also lead to the true distance between closely
related individuals not being obtained because of the omission of these variable
regions yet present with significant differences among these related species. So a
high percentage similarity, such as 98%, seen in a big tree, may not necessary
truly reflect a true close relationship, but merely the relationship obtained from
considering certain numbers of nucleotides, as for example 1165 bases in the case
of Figure 3.4. The true relationship may or may not be as close as it appears to be
in this tree. However the relationship between groups in a large tree would still be
acceptable providing the alignment the tree has been based on was correct and the
reader keeps in mind that the tree has been constructed from parts of sequences
only. So the large tree is still good in showing the big picture as to which lineage
the bacterial species from the GAB belong to. When a tree is to be used to
demonstrate close phylogenetic relationships such as at a species and genus levels,
a tree containing less divers groups of related species, and perhaps with a high
number of reference sequences included, should be used instead. In that way more
of the bases in each sequence will be analysed. A lesser number of bases will be
omitted because of the gaps present in other groups.
In addition to the requirement to minimise the number of bases lost from the
alignment, ideally all sequences should be aligned manually. However, this manual
alignment can not be performed while the obligation remains to use some reference
sequences as constructed in the RDP. This is so because the format of the RDP
database is restricted to its 4182 letter-spaces system. Furthermore, often the gaps
(-) allowed for bases to be inserted are in the wrong place. Unless all sequences
including the reference sequences were to be re-aligned so that they all are
conformed to the secondary structures correctly, a tree will certainly contain some
inaccuracy. It would be very interesting to see how the ideal tree made from
manual alignments would differ from the one based on the alignment in the RDP
database. Unfortunately, such a manual realignment would constitute a full-scale
project in itself and therefore outside the scope of the present project.
In the absence of a reliable manually aligned sequence alignment, results based on
the automated alignments with some manual corrections made where possible are
used, but with the caveat that the resulting tree is unreliable to some unknown
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extent. The phylogeny shown may not truly and accurately reflect the true
phylogeny due to the omission of analysis of the hairpin extensions in the affected
sections equivalent to hairpins 6, 10. 11, p35-2, 41 and possibly others (E. coli
secondary structure nomenclature, (Neefs et al., 1991)). However, the resulting
tree does have value if it is read with caution and an understanding of its
limitations.
The impact of the RDP alignment errors (see above) might be minimised by first
constructing a large tree to locate groups in which a sequence of interest belongs.
Then the sequences could be divided into smaller but more closely related groups
appearing as branches in the first tree. Each related group of sequences would be
used to build a new tree resembling one branch in the original large tree. These
constituent branches could be as small as it is practical for them to be, considering
individual sequences of interest. This way all the sequences would still be aligned
with one another within a closely related group with a high number of bases being
compared. As a result reliable evolutionary distances could be obtained from the
small trees constituting branches of the large tree while the relationships within the
large tree remain acceptable as a guide.

3.3.3 Analysis of the 16S rRNA gene sequences using BLASTN,
Chimeric Check and ClustalW multiple sequence alignment
BLASTN software was used to quickly search the database for the clones’ most
similar sequences. In general, to show a significant close phylogenetic relationship
at a species or sub-species level, BLASTN results must obtain a match of 98% or
greater, achieved throughout the entire length of the genes. Although BLASTN only
compares sequences on the nucleotide level, not at the secondary structure level of
the genes, if the sequence similarity is significantly high, then the secondary
structure formed by the two sequences can be assumed similar. This assumption
does not work the other way around because similar secondary structure may be
achieved by two sequences comprising different nucleotides. A percentage
similarity value of 97% or more between sequences generally indicates that they
represent phylogenetic related species belonging in the same genus. A similarity
value of 96% or lower signifies a distant relationship between the sequences, more
or less depending on the similarity value. Generally delineation at the genus level
does not have any accepted rules but it is required to reflect phylogenetic
relationships. Similarity among members of a genus does vary, depending on
bacterial groups being considered, but similarity values lie mostly between 90%
and 96% (Gillis et al., 2001). All the percentage similarity values mentioned above
are arbitrary, but these are the generally accepted values.
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Many GAB clones were matched with bacterial clones from a similar sub-surface
environment. For example clone A1-3 (and A1-9) were 97% matched with an
environmental isolate Boom-7m-04 (Z73450) obtained from a deep sub-surface
clay at the depth of 224 meters in the Boom clay formation of Belgium (BoivinJahns et al., 1996). Clone RVLT49 showed 98% similarity to Sphingomonas
subterranea (AB025014), which was isolated from deep terrestrial sub-surface
sediment in the Atlantic coastal plain of the USA (Balkwill et al., 1997). These
findings support that the clones obtained from the libraries truly come from and
hence represent bacterial species dwelling in the sub-surface environment, as has
been anticipated.
A few phylotypes (clones A1-23, COO1, 4381-3 and RVLT21) had extremely low
similarities, matching between 87 and 91% to all the sequences in the database.
This indicates that bacteria belonging to a distinct and deep branching lineage do
exist in the sub-surface environment of the GAB. The majority of the clones showed
low similarities, between 92 and 96%, with either uncultured bacterial clones or
with described species. These low levels of similarity match support a statement in
the literature that the GAB contains some novel bacterial taxa, especially those
belonging in the Proteobacteria phylum.
Many clones were also matched with clones from a polluted or contaminated
environment. Examples are the clones RVLT13, RVLT17, RVLT43, RVLT49, PKCA2
and PKCA5. Clone RVLT13 was most related (92% similarity) to an uncultured
bacterium clone GOUTA19 (AY050588 RDP, unpublished) from groundwater
samples contaminated with chlorobenzene. RVLT17 showed 92% similarity to
Azoarcus sp. str. EbN1 (X83531), capable of degrading ethylbenzene and other
aromatic hydrocarbons (Rabus & Widdel, 1995). Clone RVLT43 was most related
(96% similarity) to clone tmbr15-22 (AF309815, RDP unpublished), an uncultured
synthetic waste-water bacterium. PKCA2 and PKCA5 were 95% matched with
arsenite-oxidising bacterium NT-5 (AY027498) from an arsenite-rich environment.
These in some ways may suggest that the GAB’s water has been contaminated with
these chemicals, or perhaps the bacterial population of the GAB may have been
exposed to these chemicals somehow. The intake areas of the GAB aquifer are
known to have an exposure to chemicals from agricultural use. Because many
clones from the GAB are phylogenetically related to certain degrees to bacteria
known to associate with a contaminated environment, the toxic chemical content
level in the GAB’s water should be checked especially if the aquifer is a source of a
water supply for human consumption.
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On the other hand, the fact that many clones encountered in the GAB are
phylogenetically related to bacterial clones and isolates from contaminated
environments may suggest that the GAB aquifer and its natural bacterial population
posses a great potential for the natural bioremediation of contaminated waste.
Organic matter, heavy metals and aromatic hydrocarbons are some examples of
common contaminants encountered in our modern world which are very likely being
biologically degraded in the GAB.
Dissimilatory Fe(III)- and Mn(IV)-reducing bacteria play an important role in
removing natural and contaminant organic matter from aquatic sediment and
groundwater. These bacteria couple the oxidation of organic matter to reduction of
Fe(III) and Mn(IV) (Lovley & Phillips, 1988; Nealson & Saffarini, 1994). Bacillus
subterraneus is an example of a bacterial species isolated from the GAB capable of
carrying out such a reaction (Kanso et al., 2002). The predominantly anaerobic
sub-surface conditions in the GAB are also an advantage for Fe(III) and Mn(IV)
reduction, which are carried out preferentially under anoxic conditions.
Dissimilatory metal-reducing bacteria also have a great potential for detoxification
of heavy metal contaminants (Nies, 2000) (Valls et al., 2000) (Lovley, 1993)
(Lovley & Lloyd, 2000). Enzymatic reductions of soluble and toxic forms of heavy
metals such as uranium U(VI), chromium Cr(VI), Se(VI) and technetium Tc(VII) to
an insoluble and less toxic precipitate have been well demonstrated in some
bacterial species including Geobacter metallireducens GS15 (Lovley et al., 1993)
(Liu et al., 2002) and Ralstonia metallidurans CH34 (Goris et al., 2001) (Roux et
al., 2001). Clone PKA7 from the Fairlea bore showed 98% similarity with this metal
resistant bacterium strain CH34.
Biodegradation of aromatic hydrocarbons and various organic toxic chemical
compounds by microorganisms has been increasingly researched with a great
anticipation of developing methods for cleaning up environmental contamination
from these toxic compounds (Franzmann et al., 2002; Kane et al., 2001; Mannisto
et al., 2001; Futamata et al., 2001). Thc capability of various groups of bacterial
species to degrade aromatic hydrocarbons have been recognised (Bakermans et al.,
2002a; Bakermans et al., 2002b; Hatzinger et al., 2001; Robertson et al., 2001).
Sphingomonas species include S. aromaticivorans, S. stygia and S. subterranea,
which are capable of degrading various aromatic compounds, including toluene,
naphthalene, xylenes, p-cresol, fluorene, biphenyl and dibenzothiophene, have
been isolated from deep sub-surface sediment of the Atlantic coastal plain (Balkwill
et al., 1997; Fredrickson et al., 1995; Fredrickson et al., 1999; Shi et al., 2001).
One species represented by clone RVLT49 and highly related to Shingomonas
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subterranea (98% similarity) was encountered as a member of the natural bacterial
population of the Rockvale bore of the GAB.
A chimera is a DNA formed from two or more partial sequences of homologous
genes.

Such a formation is thought to occur in highly conserved regions of the

genes (Wang & Wang, 1997). In a phylogenetic tree a chimeric sequence is often
placed in the vicinity of and between groups from which each partial sequences
originates, with more or less phylogenetic distance depending on the length of each
partial segment making up the sequence (See Figure 3.4 sequences in bold type).
As a result a chimeric sequence could easily be misinterpreted as a sequence
representing a novel species if the phylogenetic tree happened to be generated
without a manual inspection of the sequence. Such a misinterpretation could easily
occur, especially to an inexperienced eye. The Chimeric Check program in RDP-II is
useful when the parental sequences have been deposited in the database and
especially when the parental sequences belonged to phylogenetically distant taxa.
In some cases where the sequence under investigation shares sequence similarity
to a chimeric sequence previously deposited in the database (Hugenholtz & Huber,
2002), the Chimeric Check software would not be able to recognise it as a chimera.
Therefore the program should be used in combination with other methods such as
BLASTN and multiple sequence alignment software such as ClustalW in BioEdit
(Hall, 1999). Where a BLASTN search has returned a high match only in one end of
the sequence with one group of bacteria, then the other end has to be cut and the
sequence run through the BLASTN software again. If it then returns a very high
match with a different group, then the sequence is very likely to be a chimeric
product. The ClustalW software is particularly useful for manual inspection of
sequences for chimeras. Comparison of the sequences’ secondary structures and
their signature sequences against those of related described species is the most
reliable way of indicating whether a sequence is a chimera.
Chimeric formation is undesirable. However, chimeric encounters can serve as a
clue showing that there are likely to be some individual 16S rRNA genes which have
not been accounted for in a particular batch of sequencing. The partial sequences
observed as parts of the chimeric clones clearly must have been present in the PCR
products used in ligation. It is likely that if a greater number of clones could be
sequenced to completion, then the complete sequences of these individual species
would be recovered.
No chimeric product was found in the RVLT library, in spite of the fact that it has
the highest number of phylotypes in all communities studied. These may be partly
due to the fact that all the clones were highly unique and phylogenetically
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unrelated. The similarities between their 16S rRNA genes were very low. These low
similarities would mean that recombination of partial fragments of the 16S rRNA
genes from different bacteria would be less likely to happen than usual.

Examples of the analysis of chimeric sequences found in the
AD library.
Clone AD7 was most similar to an uncultured hydrogen-oxidizing bacterium
(AF072920). Although a similarity of 93% was rather low, matches are spread over
the entire length of the gene. A BLASTN search of two partial sequences, generated
from braking down AD7 clone at base number 1104, also showed 93% similarities
to sequence AF072920. No species belonging to the genera Thermus or Bacillus
were picked up as related species. In comparison, clone AD13 was also most similar
to this same uncultured hydrogen-oxidizing bacterium, but the similarity could only
be seen between bases 1-1104. BLASTN results for partial sequences (bases 1105
1533) of clone AD13 showed a similarity a of 98%, mostly with Thermus species
including Thermus scotoductus str. ITI 252T (Y18410), Thermus sp. NMX2 A.1
(L09661),

Thermus

igniterrae

str.

GE-2

(Y18408)

and

one

Geobacillus

stearothermophilus str. YBJ-1 (AF448817). From multiple sequence alignments,
bases 1-1104 in clone AD13 and AD7 have a 99.5% similarity but from bases 1105
1533 the similarity was only 76.4%. The stability of the BLASTN results was
retained when partial sequences of AD7 were tested. This stability indicated that
AD7 was very likely to represent an individual species. AD13 appeared to be a
chimeric clone.
Clones AD17 and AD19 have an overall similarity of 92%, but from base 703-1537
they showed 99.6% similarity and from base 1-702 the similarity was only 85%.
Clone

AD17

gives

very

high

BLASTN

result

of

98%

to

Hydrogenophilus

thermoluteolus str.TH-1. The similarity spanned the entire length of the gene.
When only base 1-702 was tested, the highest similarity of 98% with the
Hydrogenophilus thermoluteolus str. TH-1, was retained. Overall, clone AD19 also
showed BLASTN results of 96% to Hydrogenophilus thermoluteolus str.TH-1. But a
partial sequence of base 703-1537 gave 98% whereas for bases 1-702, a similarity
to Hydrogenophilus thermoluteolus str.TH-1 was not indicated by the search.
Instead the similarity value of 96% were with entirely different groups of bacteria
including a β-proteobacterium strain F1021 (AF236005), an uncultured bacterium
(AJ487020) and Aquaspirillum delicatum (AF078756). In addition, a multiple
sequence alignment showed that clone AD19 was 99% similar to Hydrogenophilus
thermoluteolus str.TH-1 from base number 702-1488 but their similarity was only
84% when bases number 1-702 were compared. This evidence suggested that
clone AD19 was unlikely to represent a 16S rRNA gene from an individual but
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rather a chimera formed during the construction of the clone library between a
partial sequence from a species related to Hydrogenophilus thermoluteolus and a
partial sequence from a β-proteobacterium species.
For clone AD21, bases 1-802 showed a similarity of 97% to Thermodesulfovibrio sp.
TGL-LS1

(AB021303)

but

bases

644-1489

were

98%

similar

to

Thermus

scotoductus str. ITI-252T (Y18410). But Thermodesulfovibrio sp. TGL-LS1 (a
member of Nitrospirae) and Thermus scotoductus str. ITI-252T (a member of the
Deinococcus-Thermus phylum) are phylogenetically unrelated (76% similarity).
When the secondary structure was examined it was found that AD21 had the same
extended H6 and H10 and a short version of H18 as signature sequences like those
of the Thermodesulfovibrio species. At the same time its hairpins H27, H28, P35-1
and P35-2 resembled those of Thermus species. The only explanation would be that
clone AD21 was a result of a chimeric formation.
Clone COO1 very likely represents a novel linage. This clone was unlikely to be a
chimeric product. Its sequence was very accurate. The clone has overall maximum
similarity of 80-84% to members of Thermaerobacter. BLASTN results of partial
sequences showed Thermaerobacter subterraneus as the closest relative, although
the percentage similarity was low. Thermaerobacter subterraneus was also isolated
from the GAB. Although similarities between COO1 and its two distant relatives
Thermaerobacter subterraneus and Thermacetogenium phaeum were low, the
stability could be seen throughout the entire genes.

3.3.4 Phylogenetic analysis
Genomic DNAs used in 16S rRNA gene cloning and construction of A1, 4381, RVLT
and PKCA (and PKC) clone libraries were extracted from bacterial populations
obtained from water samples collected directly from the bore heads. Therefore the
clones obtained are likely to represent species which are members of the bacterial
communities existing in the sub-surface environments. By comparison the PKA,
COO and AD clone libraries were constructed from DNA extracted from water
emitted from bores after a fifteen week exposure to the atmospheric environment,
obviously not under aseptic conditions. This is not to imply that the water collected
might be contaminated, but simply to state the actual environmental conditions in
which the samples were subjected to. On account of these non-sterile conditions,
the original source or habitat of bacteria colonising the newly established bacterial
communities is unclear. The species found would not necessarily be limited to those
which lived in the sub-surface environment.
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From phylogenetic analysis it was found that the bacterial populations in all seven
communities are not greatly diverse across the entire Eubacteria domain. Variety is
limited to the genera Hydrogenobacter in the phylum Aquificae, Thermus in the
Deinococcus-Thermus, Desulfotomaculum in Firmicutes, the α-proteobacteria, βproteobacteria, and γ-proteobacteria classes of the phylum Proteobacteria and the
phylum Nitrospirae. Clone libraries A1, 4381, PKCA and RVLT were dominated by
clones affiliated with members of the phylum Proteobacteria. The majority of the
clones in the COO and the AD libraries were related to species belonging to the
genus Thermus. The PKA clone library was dominated by clones related to members
of the genus Desulfotomaculum. Unlike members of other taxa existing in this
environment, members of the Proteobacteria phylum are very diverse, spanning 12
genera in the α-proteobacteria, β-proteobacteria and γ-proteobacteria classes of the
Proteobacteria. Members of the β-proteobacteria class appeared most frequently.
All the seven libraries contained at least one clone phylogenetically affiliated with a
member of this class. In other words, the β-proteobacteria class is the only
phylogenetic group with members distributed across all seven libraries. Clone 4381
1 from the Cooinda bore was the only one affiliated with the γ-proteobacteria class.
There was no clone closely related to members of the δ-proteobacteria and εproteobacteria classes of the Proteobacteria phylum detected.

Phylum Aquificae
The GAB water is ancient and has been heated over millions of years. These
conditions make it an attractive environment to be searched for ancient lines of
descent to fill gaps in the evolutionary tree. The phylum Aquificae is recognised as
one of the deepest branches and the earliest branch of the domain Eubacteria.
Members of this phylum are known to grow at the temperatures between 65°C and
85°C. They are usually found associated with aquatic environments with high
temperature such as hot springs (Huber et at., 1992). From studying all the seven
libraries, clone COO3 from water emitted from the Cooinda bore (with exposure to
metal coupons) is the only clone affiliated with the phylum Aquificae. Clone COO3 is
phylogenetically closely related to a hydrogen-oxidizing bacterium Hydrogenobacter
thermophilus str.T3 with a percentage similarity of 97%. The microaerobic
condition of water emitted from the bore at the high temperature of 72.5°C, likely
in combination with hydrogen gas, appeared to be a suitable growth condition for
this group of microaerophilic, hydrogen-oxidising thermophiles. Their absence in
the sub-surface environment of the GAB is likely due to the anaerobic conditions,
which are not suitable for them to grow.
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Phylum “Deinococci-Thermus”
Thermus species are found widely distributed in high-temperature environments
such as natural hot springs. They are also commonly found associated with artificial
heating devices such as a water heater. Thermus species grow well in an
oligotrophic environment providing the temperature is in a suitable range (4085°C). They require a minimal amount of organic matter to thrive on. Thermus
aquaticus is known to live on as low as 2 ppm total organic matter (Brock

&

Madigan, 1991). Clones COO25 and AD23 representing species closely related to
Thermus sp. str. NMX2 A.1 were found dominating the COO and AD libraries. These
two clone libraries represented the bacterial populations of water from the Cooinda
and Acacia Downs bores following the exposure to metal coupons at normal
atmospheric pressure. The temperatures of 72.5°C of the water from the Cooinda
bore and 62°C of the water from the Acacia Downs bore are both in the range
suitable for Thermus species to grow. The aerobic environmental conditions created
by bringing up the water to the surface would likely explain the abundance of
Thermus-related clones in the COO and AD libraries and their absence from the
4381 and A1 libraries, which represent members of the natural bacterial
communities in the anoxic conditions underground. It is unclear whether these
Thermus-related species proliferate in the sub-surface regions of the GAB. But the
absence of Thermus-related clones in the 4381, A1, RVLT and PKCA libraries at
least indicated that the species represented by clones COO25 and AD23 are unlikely
to constitute the majority of the actual bacterial population underground. If they
did exist in high numbers in the sub-surface environment, they would have had
been represented by some clones in the 4381, A1, RVLT or PKCA libraries. Thermus
spp. have been easily isolated from hot spring pools such as those in the
Yellowstone National Park (Brock

& Madigan, 1991), hot spring pools and open

run-off channels associated with the GAB (Byers et al., 1998; Spanevello, 2001),
ground water in mining environments (Kieft et al., 1999) as well as from hot
composts (Beffa et al., 1996). But to my knowledge, there has not been any report
of Thermus species isolated directly from a close environment of the deep sub
surface such as a soil core or an artesian aquifer. There have been many reports of
finding Thermus growing in hot water systems in spite of their absence in the cold
water feeding the heating systems. This finding suggested that they were not
growing in the normal cold water but in some way they must have been
transported from some other thermal source into the water heating systems. The
fact that PVC housings containing metal coupons had been set up in the nearby
environment of GAB run-off channels makes it likely that transportation of the
species could take place, allowing it to colonise the PVC housing. The absence of
Thermus in a deep sub-surface environment such as in an artesian aquifer appears
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logical considering that in such an environment anoxic environmental conditions
due to high water temperature and low oxygen content underground are likely.

Phylum Nitrospirae
The phylum Nitrospirae consists of metabolically diverse species which have been
grouped together mainly on the basis of their phylogeny. This group currently
includes

members

of

four

genera,

Nitrospira,

Leptospirillum,

“Candidatus

Magnetobacterium” and Thermodesulfovibrio. All members of the phylum are
obligate aerobic mesophiles growing at temperatures between 20°C and 40°C,
except for two Thermodesulfovibrio species which are thermophilic anaerobes.
Members of this phylum are isolated from various habitats including soil and
sediment, fresh and marine water, low-temperature heating systems and thermal
springs. Growth of most species is inhibited by a high concentration of organic
matter. Leptospirilla species are obligate aerobic iron-oxidising acidophiles. They
are found in acidic environments (pH 1.3 to 2) rich in ferrous iron.
Based on their 16S rRNA gene sequences, clones A1-11 from the Fairlea bore and
RVLT13 and RVLT33 from the Rockvale bore are phylogenetically grouped together
with “Candidatus Magnetobacterium bavaricum” with a high level of confidence,
although the percentage similarities of 85% were low (Figure 3.4). Clone A1-11 has
99% similarity to RVLT13. The two clones showed a similarity of 94% to their
closest relative, clone LCP-6 from saltmarsh. Clone RVLT33 showed 91% similarity
to the uncultured bacterial clone OPI-2 from Octopus Spring. From examining the
secondary structures of these sequences, it was found that clones A1-11, RVLT13
and LCP-6 possess a longer hairpin 6 (H6) and a shorter H18 as compared to those
of E. coli (Neefs et al., 1991). A section of H18 forming the last apex loop in E. coli
(E. coli position 456-476) was not present in any of the three clones. The 148
nucleotides beginning at base 64 (equivalent to E. coli position 73) and ending at
base 211 (equivalent to E. coli position 97), which form the longer part of H6 in
clones A1-11 and RVLT13, were unique. These clones contained no region similar to
H6 of E. coli and showed no significant similarity to any of the sequences on the
database. The use of the word “insertion” as seen in the literature to describe the
lengthening of H6 is avoided here to prevent misleading the reader into thinking
that the longer H6 was an insertion into the E. coli sequence and also because it is
not known what its ancestors actually possessed. The use of E. coli as a reference is
purely arbitrary. A long version of H6 has been observed in Desulfotomaculum
australicum (Patel et al., 1992), a member of the phylum Firmicutes, but there was
no similarity between the corresponding regions. The entire 16S rRNA gene of D.
australicum showed only 72% similarity to clones A1-11 and RVLT13. The
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phylogenetic tree constructed from 1165 non-ambiguous bases also confidently
placed the two clones in the phylum Nitrospirae, away from members of the phylum
Firmicutes. This low level of relatedness as indicated by their positions in the
phylogenetic tree (Figure 3.4). The differences in their H6 signature sequences
(Figure 3.12) point toward different evolutionary origins of the species represented
by clone A1-11 and D. australicum.

A1-11 hairpin 6
*73

5’GUCggACgGAGUUAGCAGGGAGCAUAgAGCGUAGAGCAUuuGGGC–aaagcag-AGAGCagaUAGC-UAAGagCAaagaggAGcAUA cu
|.| || .||||||||..||||||| |||..||||||| ||||
|||||
|||| |||. ||
|| |||
)
3’CGG--UGaUUCAAUCGUUUCUCGUAUaUCGUGUCUCGGA-uCUCGgaaaucgagUCUCGaaaAUCGuAUUU-aGU--aa—-UUcUAU au
*97

Desulfotomaculum australicum hairpin 6
5’A GCgGGUAACGGAGGUCGGUCaUCGGAGGUCaGAaGUCAGAUaagaa---GCAAgUG gccu
|| ||.||||||||||||.| |||||..|| || |.|||||
|||| ||
)
3’G CGaCCGUUGCCUUCAGCCGGcAGCCUUUAGcCUaCGGUCUAgaaagcagCGUUgAC ggag

Figure 3.12: Secondary structures of hairpin 6 in clone A1-11 and
Desulfotomaculum australicum.
Asterisks indicate the equivalent E. coli positions.
It is difficult to speculate about the metabolic functions of species represented by
clones A1-11, RVLT13 and RVLT33, which are phylogenetically placed among these
phylogenetically and metabolically diverse groups of the phylum Nitrospirae.
However, at least two environmental conditions in the Fairlea and Rockvale bores
appeared suitable for most members of this phylum to grow. The temperatures of
42°C and 45°C in the Fairlea and Rockvale bores, respectively, are within the range
required for growth by members of the phylum Nitrospirae. The fact that the GAB
water is low in organic matter also appeared to be a factor favouring their growth.

Phylum Firmicutes
There were three clones belonging to the Firmicutes phylum encountered in this
study. All three clones were confidently phylogenetically grouped (100% bootstrap
value) with the genus Desulfotomaculum, the only genus containing members
capable of dissimilatory reduction of sulfate or sulfite within the class Bacilli.
Members of the genus Desulfotomaculum are strict anaerobes but able to tolerate
some amount of O2. The reduction of sulfate is known to be associated with
Microbially Influenced Corrosion (MIC) due to the end product H2S generated (see
section 3.3.6). Clone RVLT9, representing a species which was a member of the
natural population of the Rockvale bore, shared 99% similarity with PKA34B, a
clone obtained after the environmental alteration at the Fairlea bore. The closest
relative of RVLT9 and PKA34B is Desulfotomaculum putei. The percentage similarity
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of 97% between the two clones and D. putei indicated that the clones represented
a species different from D. putei. Clone RVLT19 is more distantly related to D.
putei. Clone RVLT9 together with RVLT19 accounted for 18% of the total clones in
the RVLT library. Clone PKA34B dominated the pkA library, which represents the
bacterial population of the Fairlea bore after exposure to metal coupons.

Phylum Proteobacteria
The close phylogenetic relatedness between phototrophic Proteobacteria and their
non-phototrophic relatives has been hypothesised. Non phototrophic groups lost
their photosynthetic ability as they developed alternative abilities to utilise other
compounds available in the environment. Their new abilities enabled them to
colonise other niches (Brock & Madigan, 1991; Gupta et al., 1999). This hypothesis
appears to explain very well the finding of non-phototrophic and metabolically
diverse species belonging to the Proteobacteria phylum representing the majority of
bacteria living in the sub-surface region of the GAB. For example, light is absent in
the sub-surface environment. Species have to adapt to use alternative metabolic
pathways other than relying on photosynthesis if they are to prevail in such an
environment. Carotene is an accessory pigment commonly found tightly associated
with photosynthetic pigments inside phototrophic bacterial cells. Its role is unclear
but it is thought that it may play a protective role to the photosynthetic pigments or
may even be involved in channelling the scarce light to them (Armstrong, 1997).
Perhaps carotenoid, which is also widely spread among non-phototropic species
living in the GAB, is a remnant of evolutionary processes. Microaerobic and
anaerobic conditions very likely exist in the GAB aquifers due to the elevated
temperature and pressure underground. In addition the water is rich in inorganic
compounds and minerals due to geochemical reactions as it moves through porous
rock and cracks. The metabolic pathways which microorganisms are likely to
develop and adopt to survive in such conditions of little or no O2 would be the
pathways which utilise the inorganic compounds and minerals abundantly available
in the surroundings. Some examples of metabolic pathways favourable in such an
environment are anaerobic respiration and lithotrophic growth. These pathways are
very common among Proteobacteria species. These are the species to which the
majority of the clones representing species found in the GAB aquifers are
phylogenetically related.
The majority of bacterial species living in the sub-surface of the GAB are
phylogenetically grouped within the Proteobacteria phylum. Out of the total of 35
representative phylotypes, there were respectively 4, 20 and 1 phylotypes
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belonging in the α-proteobacteria, β-proteobacteria and γ-proteobacteria classes of
the Proteobacteria.
Eleven out of the 20 clones assigned to the β-proteobacteria class of the
Proteobacteria phylum are approximately equally related to members of several
genera in the family Commamonadae. Ten clones fall into five different clusters
within this family. Each cluster branched off at about the same level with
percentage similarities between 94 and 96% among each cluster. Only clone 4381
27 was clearly closely related to a described species, Delftia acidovorans, with a
percentage similarity of 99%. Clones PKCA2, PKCA5, PKCA35 and 4381-15 formed
one tight cluster sharing a minimum similarity of 98% to one another. The
phylogenetic position of this cluster was not clear. The low confidential level (value
not shown) of placing it next to the genus Brachymonas (Figure 3.4) in combination
with equal phylogenetic distances between the cluster and members of several
other genera including Commamonas, Hydrogenophaga and Acidovorax indicated
that this cluster likely represented a novel genus within the family. Similarly, clones
A1-19 and RVLT15 each formed distinct branches likely representing two novel
groups within the same family. Clones RVLT43, PKCA1 and PKCA4 were confidently
placed in the same cluster with Tepidimonas ignava (Moreira et al., 2000). T.
ignava is an aerobic, slightly thermophilic chemolithoheterotrophic bacterium
incapable of assimilating sugars. It was isolated from run-off channels from a hot
spring in central Portugal. Considering the similarity of habitat and the percentage
similarity of 99% between clones PKCA1, PKCA4 and T. ignava, these two clones
highly likely represented a strain of T. ignava. In contrast, clone RVLT43 from the
sub-surface of the GAB, sharing only 97% similarity to T. ignava, likely represented
a different but related species of the same genus. Clone PKA23B was equally placed
between species belonging to the genera Leptothrix and Alcaligenes.
Another five clones formed three distinct clusters within the Rhodocyclus family.
Clone RVLT11 by itself was distantly related to Sterolibacterium denitrificans. The
relationship was supported with a bootstrap value of 92%. Clones RVLT17 and
RVLT21 shared 98% similarity, forming a distinct cluster, while clones AD7 and A1
3 shared 99% similarity, forming another cluster within this family. Low
percentages of similarity and low levels of confidence between the clusters and
members of the family indicated the distinct and novel lineage of the clusters.
Clones

PKA7

and

A1-15

were

phylogenetically

placed

within

the

families

Ralstoniaceae. Their closest relative is Ralstonia eutropha. Clone PKA19 showed
97%

similarity

to

Herbaspirillum

seropedicae,

a

member

of

the

family
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Oxalobacteraceae. AD17 was phylogenetically closely related to Hydrogenophilus
thermoluteolus with a percentage similarity of 99%.
Among the four clones assigned to the α-proteobacteria class of the Proteobacteria
phylum, clone A1-23 and 4381-3 were shown with a high level of confidence to be
related to the family Rhodospirillaceae. However, both clones A1-23 and 4381-3
showed low similarities, 91% and 85% respectively, to their closest relative,
Azospirillum lipoferum. These low similarities indicated that the two clones were
likely to represent unidentified species resembling distinct lineages within the αproteobacteria class. Clone 4381-4 showed 97% similarity with Methylobacterium
radiotolerans, which belongs in the family Methylobacteriaceae. Clones RVLT49 is
closely related (98% similarity) to Sphingomonas suterranea, a member of the
family Sphingomonadaceae. The only clone affiliated with the γ-proteobacteria class
of the Proteobacteria was clone 4381-1. This clone

showed more than 99%

similarity to Stenotrophomonas maltophilia.

3.3.5 Compositional analysis
corrosion of metal coupons

of

the

clone

libraries

and

The changes in bacterial community structure associated with bringing the artesian
water up to the surface and exposing it to metal coupons can be observed by
comparing the natural bacterial communities of the Fairlea and Cooinda bores,
represented by the A1 and 4381 libraries respectively, to the bacterial clones from
the altered environments, represented by the PKA and COO libraries respectively.
In general, the environmental changes introduced led to changes of the bacterial
community structures. The species which proliferated in the communities before
and after the changes were different. The diversity of the species in the community
was found to decrease following the environmental changes. Clones dominating the
clone libraries constructed from newly established bacterial communities also
differed from the clones dominating libraries constructed from the bacterial
communities which had existed naturally in the bores. The newly established
communities produced many clones phylogenetically related to species which are
known to possess the ability to metabolise metals in some way. This trend of these
changes was observed both in the case of the Fairlea bore, where significant weight
losses were observed, and in the case of the Cooinda bore, where only minimal
weight loss was recorded. However, the members of the newly developed bacterial
communities at the two bores were different. This difference makes it extremely
interesting to see how population changes differ in the case of non-corroded metals
vis the case of corroded metals. Cooinda (and the Acacia Downs 1650 bore),
illustrating the case of non-corroded metals, is compared to Fairlea and Rockvale
bore, both illustrating the case of corroded metals.
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Experimentation on the Cooinda bore
Before the metal coupons were introduced
In the experiment on Cooinda bore, clone library 4381 showed that the natural
bacterial

community

of

Cooinda

bore

phylogenetically grouped with genera in the

γ-proteobacteria

was

composed

of

six

phylotypes

α-proteobacteria, β-proteobacteria and

classes. An unaffiliated clone, 4381-15, belonging to the

β-

proteobacteria class, accounted for 52% of the total clones. This dominating clone
has been phylogenetically placed in the vicinity of the genera Brachymonas,
Hydrogenophaga, Comamonas and Acidovorax in the family Comamonadacea.

After the metal coupons were introduced
Fifteen weeks after the environmental changes were introduced, the number of
phylotypes found had decreased from six phylotypes in the 4381 library, which
represented the bacterial community naturally existing in Cooinda bore, to four
phylotypes in the COO library representing the newly established community. The
dominating clone COO25 of the newly established community was a member of the
Deinococci-Thermus phylum. It was closely related to Thermus sp. strain NMX A.1
with 99% similarity. Clone COO25 alone accounted for 48% of the clone population.
Clone COO5, which was closely related to a Leptothrix sp., accounted for 24%.
Clone COO3 showed 97% similarity to Hydrogenobacter thermophilus T3 and
accounted for 16% of the total clones. One phylotype, represented by clone COO1,
resided in the phylum Firmicutes but was highly unrelated to its two nearest
relatives,

the

genera

Thermaerobacter

and

Thermacetogenium.

The

newly

established community at the Cooinda bore, as in the case of the Fairlea bore, was
composed of metal-utilising species closely related to Thermus and Leptothrix spp.
Members of the genera Thermus and Leptothrix have been known to metabolise
iron in various ways. However, the presence of the dominating clones COO25 and
COO5 together with the minimal weight loss of metal coupons measured in the
experiments on water from the Cooinda bore indicated that species represented by
these clones were very unlikely to be extensively involved in the corrosion of the
metals coupons under the conditions tested.
Thermus species are aerobic thermophiles normally found growing well in low
organic aquatic environments. Although there has been a report of isolating a
Thermus species capable of dissimilatory reduction of Fe(III), the amount of Fe(III)
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reduced was reported to be very low (Kieft et al., 1999). Also, the process is
anaerobic. Under the aerobic conditions created by bringing up the GAB water to
the surface, conventional fast aerobic growth would be preferable. Under anaerobic
conditions such as in the sub-surface environment of the GAB, reduction of Fe(III)
may be favourable. However, if iron reduction could support growth, it would be a
very slow growth because dissimilatory reduction of Fe(III) yields only a small
amount of energy and a large amount of iron has to be reduced. The possibility of
Thermus existing in low numbers and growing slowly in an anoxic environment
could not be ruled out. In fact it appeared to be a logical explanation for the
absence of a Thermus-related clone in the natural environment of the sub-surface
of the GAB, which is predominantly anaerobic.
Leptothrix species are usually found associated with iron-rich water. At neutral pH,
they are capable of oxidizing Fe(II) to Fe(III) under aerobic conditions. Iron held
soluble as a chelate with organic materials is taken into their cells. After oxidizing
the organic materials, Leptothrix species excrete iron in the form of Fe(II) which is
spontaneously oxidised and deposited as iron oxide on their sheaths, a common
observation with members of the genus. Under the conditions set up, the source of
Fe(II) used by Fe(II)-oxidizing microbes is more likely to be the artesian water
rather than the metal coupons. The iron in the water is brought up from the
anaerobic conditions of the sub-surface region of the GAB, usually in the form of
Fe(II). This source of iron would make the conditions extremely suitable for
Leptothrix to flourish. Although Fe(II) is readily oxidised to Fe(III) upon exposure
to atmospheric O2, water was constantly emitted from the bore, making Fe(II)
continuously available.

Experimentation on the Fairlea bore
Before the metal coupons were introduced
In the experiment on the Fairlea bore, the A1 library showed that the bacterial
community which existed naturally in the Fairlea bore was diverse. It was
composed of six phylotypes including two unaffiliated clones; A1-11, which
belonged to the phylum Nitrospirae and clone A1-23, which was grouped with
members of the

α-proteobacteria

class. Four other phylotypes, A1-3, A1-7, A1-15

and A1-19, were members of the

β-proteobacteria

unaffiliated but phylogenetically grouped with the

class. Clone A1-3, which was

β-proteobacteria,

dominated the

clone library, as it alone accounted for 46% of the total clones. BLASTN results
showed a maximum similarity of 97% between the dominating clone A1-3 and a
partial sequence (847 bases) of an environmental isolate Boom-7m-04 (Z73450)
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from a deep-subsurface clay environment at the depth of 224 meters in the Boom
clay formation, Belgium (Boivin-Jahns et al., 1996). A partial sequence (445 bases)
of clone A1-7 showed 99% similarity to Dechlorosoma suillum, a dissimilatory
chlorate- and perclorate-reducing bacterium. Clone A1-15 had a 97% similarity to
Ralstonia pickettii. Clone A1-19 was an unaffiliated member of the

β-proteobacteria

class.

After the metal coupons were introduced
After the water was brought up to the surface and passed through metal coupons
for fifteen weeks, 16S rRNA gene analysis showed that the bacterial communities
were newly established and different from the communities which had naturally
existed previously in the bores. Firstly, the number of phylotypes decreased from
six (A1 library) to four (PKA library) after the changes were introduced. Species
affiliated to the Nitrospirae phylum and the
detected, while members of the

α-proteobacteria

β-proteobacteria

class were no longer

class remained, although the

species of this class detected before and after the changes were different.
Secondly, clone PKA34B, which had related to the genus Desulfotomaculum,
phylum Firmicutes, became the dominating phylotype in the newly established
community. Clone PKA34B represented 50% of the clone population. There was no
species affiliated with the Phylum Firmicutes detected in the community natural to
Fairlea bore. The rest of the populations were all members of the

β-proteobacteria

class. The clone PKA19, which accounted for 21% of the clone population, was an
unaffiliated clone distantly related to Herbaspirillum sp. with 96% similarity. Clone
PKA23B (14% of the population) was also unaffiliated but related to the genera
Leptothrix and Alcaligenes with 96% similarity. Clone PKA7, which represented 7%
of the total population, showed 99% similarity to Ralstonia sp. strain PHS1. The
most striking observation is that three out of the four phylotypes composing the
new community were related to groups of species belonging to the genera
Desulfotomaculum, Leptothrix and Ralstonia, which are known to metabolise metal.
From examining the metal coupons after a fifteen week exposure to artesian water
at the Fairlea bore, high weight losses were recorded for all four metal types tested
(Table 3.3). However, the metal type ASTM-A53B showed a maximum resistance to
corrosion in both cases as it lost a minimal percentage weight compared to the
other three metal types tested. The metal type AS-1074 was the most vulnerable
type as it lost more of its weight (4.72%) than other types. The weight loss of
metal coupons incubated at the Fairlea bore site indicated that all four types of
metal were susceptible to corrosion upon exposure to the water from the bore.

94

A comparison of bacterial clones found in the two clone libraries of the Fairlea bore,
A1

(natural

population)

and

PKA

(newly

established

population

after

the

environmental alteration) showed that there was a change in the bacterial
population. The shifting of the bacterial species proliferating before and after the
environmental changes was extremely interesting. The three phylotypes PKA7,
PKA23B and PKA34B found in PKA library were respectively related to the Ralstonia,
Leptothrix and Desulfotomaculum species, which are known to metabolise metal
ions. However, the presence of Leptothrix-related species did not appear to have a
corrosive effect toward metal coupons as in the case of the experimentation at the
Cooinda bore.
Species represented by clone PKA7 (7% of the total clones), which had 98%
similarity to Ralstonia metallidurans CH34 (previously Ralstonia eutropha CH34),
was also unlikely to be extensively involved in corrosion of the metal coupons,
partly due to their likely presence at a low-percentage level. However, the ability of
Ralstonia metallidurans CH34 to resist and grow in the presence of heavy metals at
a high concentration has been recognised (Goris et al., 2001). Ralstonia
metallidurans CH34 actively exports metal ions out of its cytoplasm using an
inducible ion efflux system. But the process appears to be energy consuming. This
ability helps to reduce toxicity of heavy metals to the cells, making growth in the
presence of a high concentration of toxic metal ions possible (Nies, 2000; Roux et
al., 2001; Valls et al., 2000). It is possible that such a mechanism may be
employed by a Ralstonia-like species living in GAB water rich in iron such as the
water emitted from the Fairlea bore. Ralstonia species are aerobes commonly found
in soils. Under the anaerobic conditions in the subsurface region of the GAB they
are unlikely to survive for very long. Ralstonia eutropha KT1 was no longer
detected after 60 days following their injection into a sub-surface artesian bore hole
(Tani et al., 2002). Therefore the loss in weight of metal coupons following their
exposure to the Fairlea bore’s water seemed to coincide with the appearance of the
dominating clone PKA34B.
This dominating clone PKA34B was related to a sulfate-reducing bacterium
Desulfotomaculum putei. Sulfate-reducers are one of the major groups of bacteria
known to be involved in microbially influenced corrosion (MIC) (Ingraham &
Ingraham, 2000). Members of the genus Desulfotomaculum contribute to the
corrosion of metals in at least two ways: (a) indirectly, due to the generation of
H2S, the end product of sulfate reduction; and (b) directly, by dissimilatory
reduction of Fe(III). Desulfotomaculum species grow on H2, pyruvate, lactate,
ethanol and some fatty acids as their carbon and energy source and reduce sulfate
to H2S. The production of H2S from sulfate reduction is detrimental to the
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surrounding environment. H2S is very reactive toward iron including iron-containing
components of the cells, making it very toxic to cells. Sulfate-reducing bacteria are
susceptible to the toxicity of their end product as well, but H2S is actively combined
with iron in the environment, forming insoluble and therefore less toxic FeS.
Because the H2S produced is highly reactive chemically toward iron, growth of
sulfate-reducers indirectly causes materials containing iron such as mild steel pipes
to corrode (Brock

& Madigan, 1991). Desulfotomaculum species are capable of

growing solely on the reduction of insoluble Fe(III) to more soluble Fe(II) (Liu &
Peck, 1981). Dissimilatory reduction of iron has been known as the major way by
which iron is transported in sub-surface environments underground (Liu et al.,
2002). Although Desulfotomaculum species are anaerobic the fact that they are not
very easily sensitive to O2 enables them to grow well in the water brought up to the
surface. In addition, growth of other oxygen consumers such as Leptothrix-like and
Ralstonia-like species further insures that dissolved oxygen is kept at low levels
which they (Desulfotomaculum-like species) can tolerate.

The natural bacterial community of the Rockvale bore
The natural bacterial population of the Rockvale bore was highly diverse both in
terms of the number of phylotypes (ten phylotypes) and their distribution. There
appeared to be no individual phylotype greatly dominating the community, as there
was no single phylotype occurring in greater than 28% of the total population. All
the clones except RVLT49 were novel and only distantly related to the sequences in
the database, with similarities between 91% and 96%. Five of the total ten
phylotypes, accounting for 72% of the total population, were affiliated and
unaffiliated members of the

β-proteobacteria

class. Three phylotypes, accounting

for 16%, were unaffiliated bacterial clones. Clone RVLT9 and RVLT19 accounted for
9% each.

These were related to the genus Desulfotomaculum, although the

relationships were only distant (95-96% similarity). Clone RVLT49, accounting for
5% of the population, showed 98% similarity to Shingomonas subterranea SMCC
B0478.
Metal coupons incubated at this bore did loose a significant percentage of their
weight. But unfortunately, samples of the bacterial population of the water after the
environmental alteration were not available for comparison. Therefore

genomic

DNA from the water following the exposure to metal coupons at the Rockvale bore
was not available for 16S rRNA gene cloning. However, it is possible and logical to
speculate that the corrosion of metal coupons exposed to the Rockvale bore’s water
was very likely linked to sulfate-reducing and related bacteria such as those
represented by clone RVLT9 which came from the natural environment and which
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had therefore already been present in the sub-surface environment of the Rockvale
bore. The fact that clone RVLT9, from the natural sub-surface environment of
Rockvale bore, was highly related phylogenetically (99% similarity) to clone
PKA34B, from the altered environment at the Fairlea bore, supports this
speculation. The presence of a species represented by clone PKA34B in the altered
environment at the Fairlea bore makes it logical to predict the existence of a closely
related species, such as the one represented by clone RVLT9, in the altered
environment of the Rockvale bore.

The natural bacterial community of the Acacia Downs 1651
bore
In its natural environment the Acacia Downs 1651 bore appeared to have three
phylotypes, all of which were affiliated, and an unaffiliated member of the

β-

proteobacteria class. Clones PKCA2 showed a 99% similarity to clone PKCA5.
These two clones accounted for 61% of the total population. Clones PKCA2 and
PKCA5 were unaffiliated clones. BLASTN results showed that clones PKCA2 and
PKCA5 had only 95% similarities to the genera Hydrogenophaga and Tepidimonas.
Tree topology also indicated that the genera Hydrogenophaga and Tepidimonas
were only distantly related. Clones PKCA1 and PKCA4, which were very closely
related to Tepidimonas ignava with a 99% similarity, accounted for another 22% of
the clone population. Clone PKCA35, which was phylogenetically related to clones
PKCA2 and PKCA5, accounted for 17%.

The newly established population of the Acacia Downs 1650
bore
The AD library showed that Acacia Downs 1650 bore water, after being brought up
to the surface and exposed to metal coupons for fifteen weeks, appeared to be codominated by a Thermus-related clone AD23 (46%) and an unaffiliated clone AD7
(38%). Clone AD23 showed a 99% similarity to Thermus sp. strain NMX2 A.1.
Clone AD7 was characterised as an unaffiliated member of the

β-proteobacteria

class showing only 93% similarity to an uncultured hydrogen-oxidizing bacterium
(AF072920). Clone AD17, which accounted for 4% of the population, showed a
98% similarity to a hydrogen-oxidizing bacterium Hydrogenophilus thermoluteolus
strain TH-1.
Results obtained from experimentation on the Acacia Downs 1650 bore water
resemble results from the Cooinda bore in two agreeable aspects. Firstly, at both
sites all four types of metal lost only a small percentage of their weight over the
fifteen week period. Minimal weight losses of less than 0.1% and 0.3% from each
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of the four metal types incubated were measured at the Cooinda and Acacia Downs
1650 bores respectively. Secondly, the newly established communities at the two
bore sites were both dominated by Thermus-related clones (AD23 for the Acacia
Downs and COO25 for the Cooinda bore), which shared 99% similarities with
Thermus sp. strain NMX A.1. These data indeed indicated that species represented
by Thermus-related clones such as AD23 and COO25 were very unlikely to be
involved in causing the corrosion of metals in the bore casings.

3.3.6 Identification and comparative quantification by PCR
using the LightCyclerTM
Specific amplification of the 16S rRNA gene belonging to the Leptothrix-like species
represented by the clone PKA23B was evident after the PCR cycle number 30 when
the specific PCR products increased above the threshold level. The increase of the
specific PCR product took place rather slowly, suggesting a very low concentration
of the initial genomic DNA template. In some cases amplification products detected
in such late cycles of PCR are non-specific products formed from non-specific
amplification. However, this non-specificity is unlikely to be the case here. For the
negative-control reaction (Figure 3.5) set up using a different recombinant plasmid
DNA other than the positive control plasmid PKA23B as a template, the
fluorescence emission remained below the noise band at the end of the PCR. This
result was the same in the case of the blanked reaction set up with water instead of
DNA template. These two results indicated that no specific amplification had
occurred in these two control reactions. Electrophoresis of the contents from the
two reactions, however, showed a very weak band of non-specific products as well
as primer dimers in the negative-control reaction, while no amplified product but
only primer dimers were seen in the blank reaction set up with water.
The presence of Desulfotomaculum-like species (represented by clone PKA34B) was
detected in the genomic DNA from the Fairlea bore in PCR cycle 25, which was
earlier than the detection of Leptothrix-like species (cycle 30). This early detection
of Desulfotomaculum-like species means that their 16S rRNA genes were present in
the sample in a higher copy number than the genes from Leptothrix-like species,
assuming that genomic DNA extraction and PCR amplification of the 16S rRNA
genes were homogenous for both species. This observation is in good agreement
with the portion each clone (phylotype) accounted for as part of the whole PKA
clone library. The clone PKA34B accounted for 50% of the total clone population
while the clone PKA23B accounted for less (14%). However this result cannot be
interpreted and used to conclude that there were more Desulfotomaculum-like
species than Leptothrix-like species in the Fairlea bore. This restriction is made
because it is not known how many 16S rRNA gene copies are present in the
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genomes of each of the two species. The fact that the 16S rRNA genes from one
species were present in a sample in a greater in copy number than the genes from
another species could be due to three possibilities: 1) a high copy number of the
gene in the genome; 2) a high number of the cells present in the environment; or
3) any combination of the two factors which would produce the highest gene copy
number. The frequency of a clone (phylotype) occurring in the clone library is also
subjected to these factors in the same way, assuming that cloning has been
homogeneous.
DNA molecules denature at certain temperatures when subjected to heating. Their
melting temperatures are unique depending on their DNA base composition and
molecular structure. The melting temperature of a DNA molecule could be
measured experimentally. The results would be reproducible under the same
conditions. Like other DNA molecules, PCR amplified products also denature at
certain temperatures. These unique melting temperatures provide a means to
distinguish PCR products amplified from different DNA templates in the mixed
genomic DNA sample, hence identifying and confirming the existence of the
bacterial species from which a genomic DNA came. The PCR products of Leptothrix
like species and Desulfotomaculum-like species have unique melting temperatures
of 68°C and 72°C respectively. The PCR products of recombinant plasmid pkA34B, a
positive control for the amplification and probing of the Desulfotomaculum-like
species, have exactly the same melting temperature of 72°C as predicted. These
unique melting temperatures showed that PCR products of recombinant plasmid
DNA can be used effectively as a positive control to identify specific species of
interest in genomic DNA extracted directly from environmental samples or medical
specimens. This phenomenon eliminates the need for genomic DNA from a pure
bacterial culture to be used as a positive control in PCR probing.
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CHAPTER

4:

ENRICHMENT

AND

ISOLATION

OF

BACTERIA FROM FAIRLEA BORE OF THE GAB, WITH
CHARACTERISATION OF THE NOVEL STRAINS FAII3T
AND FAII4T ISOLATED
4.0 Introduction
The importance and necessity of obtaining pure isolates has always been
recognised by microbiologists. Having pure cultures of microorganisms makes
identification, diagnosis and bacterial taxonomy possible. However, culturing and
isolating novel species of microbes has not been easy. It is evident that the number
of culturable bacteria has been very small compared to the total cells existing in a
given environment as measured by a total cell count.
A common problem contributing to difficulty in isolating microorganisms is that
their nutritional needs and the growth conditions required for them to grow are not
known. Logically, an analysis of chemical composition of the natural habitat could
be used as a guide for composing or choosing media which would likely be suitable
for their growth. The 16S rRNA gene sequences are also expected to be useful as a
guide for choosing media to be used in the enrichment and isolation of bacteria.
Results of the 16S rRNA gene’s analysis helps to identify the phylogenetic relatives
of the bacterium represented by a clone. Then a medium known to be used
successfully in cultivating its relatives can be chosen as an enrichment and isolation
medium, with the hope that the same medium would be likely to be suitable for the
bacterium represented by the clone as well. However there is no guarantee that
such would always be the case, especially when a clone happens to be only
distantly related to any well-characterised species.
In spite of these uncertainties, the 16S rRNA genes belonging to the bacterial
population associated with artesian water emitted from the Fairlea bore of the GAB
were cloned, sequenced and analysed (see chapter 3). The information gained from
the 16s rRNA gene analysis was used to guide bacterial enrichment and isolation of
bacteria in this chapter as well as in chapter 5. The present chapter reports on
enrichment and isolation of bacteria from the Fairlea bore (registration number
3768). The Fairlea bore is situated in Nelia (near Longreach), Queensland,
Australia. It was drilled in 1923 to a depth of 295 m to tap free-flowing
underground water from the GAB. The water (42oC) freely emitted from this bore at
the rate of 9 l/min is fresh water. It contains 0.01 mg/l iron, 0.13 mg/l manganese
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and a low 65 mg/l NaCl with a Total Dissolved Solid (T.D.S) of 266 mg/l. The water
from this bore has been an important source of water supply for raising sheep and
cattle. Two novel strains, FaiI3T and FaiI4T, isolated from the bore, are
characterised and described in this chapter. Isolate FaiI3T (DSM 14363) has been
proposed as a new species member of the genus Phenylobacterium with the name
Phenylobacterium lituiforme. Isolate FaiI4T (DSM 14364) has been assigned status
as a new genus and named Microvirga subterraneum gen. nov. sp. nov. in the αproteobacteria class, phylum Proteobacteria (Kanso

& Patel, 2003). Its nearest

phylogenetic relatives are Chelatococcus asaccharovorans, Bosea thiooxidans and
Methylobacterium spp., which are also members of the class α-proteobacteria.

PART I: ENRICHMENT AND ISOLATION OF BACTERIA
FROM THE FAIRLEA BORE
4.1 Materials and Methods
4.1.1 Samples, enrichment and isolation
Water samples were collected from Fairlea bore (bore number 3768) as described
in section 2.3. Experiments attempting to enrich and isolate different groups of
bacteria were performed by inoculating a variety of media with water samples
followed by incubation at different temperatures from 25-70°C for three days.
These media include Rouf’s medium, medium D, MR medium and SRB medium.
Distinctive colony types developed in each medium were picked and transferred to
fresh media, the process being repeated twice or more until a plate containing only
one colony type was obtained. Then a single, well-isolated colony was transferred
to a fresh liquid medium for routine growth and further characterization. Each
isolate was stored at –70°C for future needs (section 2.12.6).

4.1.2 Preliminary studies of the isolates
The purity of each culture was checked again by streaking the cultures on solid
media. Their colonies were described. Their cell morphology was examined by
phase contrast microscopy and photos were taken. The temperature growth ranges
were checked for all the isolates by streaking colonies onto Rouf’s agar plates and
incubating at 25-60°C for four days. The phylogenies of the cultures were studied
by sequencing and analysing their 16S rRNA genes (section 2.9-2.10)
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4.2 Results and discussion: Enrichment and isolation
of bacteria from the Fairlea bore
4.2.1 Enrichment and isolation
Bacterial strains were isolated by spreading the water samples directly onto Rouf’s
agar plates then incubating at 25-70°C for three days. Six strains were isolated
from plates incubated at 40°C: FaiI3T, FaiI4T, FaiI5, FaiI6, FaiI7 and FaiI8. The
plates incubated at 40°C were found to contain the highest number of colonies, and
included specimens of all colony types seen. No colony developed at a temperature
higher than 45°C. There was only one colony type (FaiI2) developed in medium D
agar plates incubated at 37-55°C. FaiI2 was also able to grow in Rouf’s medium.
Therefore it was maintained in Rouf’s medium for convenience. No positive
enrichment was obtained with the anaerobic media used (MR and SRB media).
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4.2.2 Preliminary studies of the bacterial strains isolated from the Fairlea bore
Table 4.1: Morphology and phylogeny of the bacterial strains isolated from the Fairlea bore.
All strains were grown on Rouf’s agar plates for two days.
Strain

Colony description

Cell description

name
FaiI2

White

and

transparent,

1-2

Rod, 0.8-1.2 x 1-25 and occasionally

mm, circular, convex, entire

50-60µm,

edge.

chains and clumps into white sheets

motile,

single,

Temperature

Phylogenetic relatives and the

range

16S rRNA gene similarities

for

growth (°C)

(%)

25-55

Firmicutes, Bacilli class
Bacillus niacini

pairs,

99%

in liquid medium, spores seen
T

FaiI3

T

FaiI4

Yellow to orange, 0.5-1.5 mm,

Slightly curved rod, 0.5 x 1-3 µm

circular, convex, entire edge,

occasionally 4-7 µm long, motile,

α-proteobacteria class

smooth

in

polar flagella, single some in pairs,

Phenylobacterium immobile

texture, fairly easily emulsified,

grows in clumps and forms rings in

95%

odour present

liquid medium

Pink,

surface,

0.5-2

sticky

mm,

circular,

Rods with round ends, 1 x 1.5-4,

convex, entire edge, smooth &

motile,

shiny surface, thin in texture,

mainly as single, some in pairs.

polar

flagella,

25-45

25-45

Proteobacteria,

α-proteobacteria class

occurring

Chelatococcus asacharovorans

fairly easily emulsified
FaiI5

Proteobacteria

94%

Cream or yellow, 0.5-1.5 mm,

Thin rods, 0.8-0.9 x 3-10, single,

circular, convex, entire edge

pairs and branching, no spores seen

25-45

Not sequenced
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Table 4.1: Continued
FaiI6

White

in

translucent

the
edge,

middle,
1

mm,

circular, curled, umbonate.

Thick

rods,

1-1.2

x

1.5-10,

25-45

Firmicutes, Bacilli class

occasionally up to 80 µm, single,

Brevibacillus borstelensis

pairs, short chains of 4, motile, no

97%

spores seen
FaiI8,

Yellow or cream, punctiform,

Rods, 0.8-1 x 1.5-3, motile, single

FaiI7

pulvinate,

and pairs

entire,

smooth

shiny surface, fairly sticky.

&

25-40

Proteobacteria,

α-proteobacteria class
Caulobacter leidyi
96%
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D elftia acidovorans M C1 (AF149849)
4381-27
A cidovorax avenae ATC C 19307T (AB021421)
A1-19
RVLT15
Brachym onas denitrificans AS-P1 JCM 9216T (D 14320)
Hydrogenophaga flava D SM 619T (A B021420)
PKCA35
98
PKCA2
100
PKCA5
100
4381-15
Leptothrix sp. M BIC3364 (AB015048)
100 100
PKA23B
A lcaligenes latus IAM 12599 (D 88007)
RVLT43
99
Beta proteobacterium D hA-73 (AF125877)
PKCA1
100
Tepidim onas ignava SPS-1037T (AF177943)
PKCA4
AD 7
100
A1-3
98
Sterolibacterium denitrificans Chol-1S (AJ306683)
RVLT11
Ralstonia eutropha JS705 (AF027407)
β-Proteobacteria
100
99
PKA7
95
A1-15
97
H erbaspirillum seropedicae Z67 D SM 6445T (AJ238361)
100
PKA19
100
PK A18
AD 17
100
100
Hydrogenophilus therm oluteolus TH -1 (AB009828)
U nidentified beta proteobacterium O PB37 (AF026985)
RVLT21
100
RVLT17
γ-Proteobacteria
Stenotrophom onas m altophilia LM G10877 (AJ131784)
100
100
4381-1
Proteobacteria
A zospirillum lipoferum N CIM B 11861T (Z29619)
100
A1-23
98
U ncultured sludge bacterium A3 (AF234730)
4381-3
RVLT49
100
100
Sphingom onas subterranea IFO 16086 (AB025014)
100
α-Proteobacteria
FaiI8
100
Caulobacter leidyi ATCC 15260T (AJ227812)
FaiI3
96
100
Phenylobacterium im m obile E D SM 1986T (Y18216)
Caulobacter vibrioides CB51 (AJ009957)
M ethylobacterium radiotolerans JCM 2831T (D 32227)
100
4381-4
100
FaiI4
95
Bosea m exicana AM X51 (AF273081)
Chelatococcus asaccharovorans TE2 (AJ294349)
Therm aerobacter subterraneus (AF343566)
99
CO O 1
95
FaiI2
100
100
Bacillus niacini IFO 15566 (AB021194)
Firmicutes 100
FaiI6
100
Brevibacillus borstelensis LM G 15536 (AF378230)
RVLT19
100
D esulfotom aculum putei SM CC W 464 (AF053934)
RVLT9
100
PKA34B
100
M agnetobacterium bavaricum (X71838)
Nitrospirae
Clone O PI-2 from O ctopus Spring (L22045)
100
RVLT13
100
Saltm arsh clone LCP-6 (AF286037)
100
“DeinococcussRVLT33
100
0.05
Thermus”
A1-11
CO O 25
100
Therm us sp. N M X2 A.1 (L09661)
100

Figure 4.1: Dendogram showing the phylogenetic placement of isolates
from Fairlea bore along with the clones from all seven clone libraries and
their closest relatives.
GenBank accession numbers are in brackets. The masked data set includes 1165
non-ambiguous nucleotides. Hydrogenobacter subterranea HGP1 was used as an
out-group species. Phyla and classes are indicated near the corresponding nodes in
bold and italics. Numbers at the nodes indicate the bootstrap values from 90.
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Strains isolated in this study are shown in bold. The bar indicates 5 nucleotide
substitutions per 100 bases.
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4.2.3 Discussion
Initially the 16S rRNA gene sequences of the clones were expected to be useful as a
guide in choosing media to be used in the enrichment and isolation of bacteria. The
media known to be used successfully in cultivating the clones’ phylogenetic
relatives, as established from the 16S rRNA gene’s analysis, were used as
enrichment and isolation media, with hope that the same media would likely to be
suitable for the bacterial species represented by the clones as well. However such
did not turn out to be the case. The 16S rRNA genes belonging to the bacterial
population associated with the artesian water from Fairlea bore were cloned,
sequenced and analysed in chapter 3. Clone library PKA of Fairlea bore contained
bacterial species related to Desulfotomaculum putei (95% similarity). Therefore the
SRB medium was used in attempt to isolate the Desulfotomaculum-related species
from the Fairlea bore. However, no positive enrichment was obtained. Attempts to
isolate bacterial species represented by the clone PKA23B, which was 96% related
to Leptothrix species, making use of Rouf’s medium, (suitable for growing
Leptothrix sp.), also failed. It is possible that although the bacteria represented by
the clones may be phylogenetically related, they may have their own requirements
for growth such as certain growth factors or vitamins or other environmental
factors which they need. After all, they are only distantly related, as the 16S rRNA
gene sequences indicated. However, experimentation with the use of various
different media under various different growth conditions is also desirable,
especially in the attempt to isolate a novel microorganism. This is especially true in
the attempt to isolate bacteria from the Fairlea bore, in which most bacteria
appeared to be novel. Phylogeny of bacteria living in the Fairlea bore of the GAB, as
established from the 16S rRNA gene analysis of the clones (A1 library), did not turn
out to be as helpful as it was initially expected in assisting with the enrichment and
isolation of the bacteria from the bore. All the clones except for one (clone A1-15)
appeared to represent rather novel bacterial species. As shown in Figure 4.1, all A1
clones showed similarities of 94% or less to their related species described to date.
The use of Rouf’s medium to enrich water samples from the GAB eventually
resulted in the isolation of the novel strains FaiI3T and FaiI4T from the Fairlea bore.
The majority of bacterial strains isolated from the Fairlea bore were novel strains.
Only one isolate was found to be closely related phylogenetically to a previously
described species. Isolate FaiI2 showed 99% similarity with Bacillus niacini. Colony
appearance and cell descriptions for strain FaiI2 were also very similar to those of
B. niacini. These indicated that they are highly likely to belong to the same species
although such a conclusion could not be made without further information such as
results from DNA:DNA hybridisation and other physiological studies. It is not
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surprising to find bacillus-related species in the GAB, because bacilli are known to
be distributed widely throughout the earth. Their ability to form highly resistant
spores renders them able to survive well in a wide range of environments.
Therefore finding bacilli in GAB water which had been stored for four years was
almost certainly to be expected.
Results from BLASTN which aligned the 16S rRNA genes (Table 4.1), FaiI3T and
FaiI4T showed only 95% and 94% similarity respectively to validated species
existing in the databases. This result indicates the novelty of the strains. Strain
FaiI8 and FaiI6, with similarities of 96% and 97% to Caulobacter leidyi and
Brevibacillus borstelensis respectively, are also very likely to be novel species.
It is noted that the strains isolated from Fairlea bore water were not reflected in the
population identified by cloning the 16S rRNA genes. This lack of agreement might
be connected with storage of the sample over the span of four years. The fact that
the water sample, which was used in enrichment and isolation, had been stored for
such a period of time before the enrichment and isolation were attempted made it
almost improper to expect the bacterial population to remain the same. During the
four-year period the conditions in the closed system of sample bottles would
become totally different from the conditions of the samples at the time of collection.
The true original populations would be unlikely to remain in existence at the original
proportions, or even at all for some species. It would be more likely that only the
species capable of forming spores or some forms of resistant bodies would remain.
Bacillus species are good examples of such species. The species incapable of
forming such bodies would be likely to die off. Another group of species which
might be able to survive includes species that have a minimal requirement for
nutrients and which are probably capable of synthesising most of what they need
from some mineral present in limited quantity in the sample water over the time
period of storage. A group of bacteria responsible for the formation of “varnish” on
desert rocks, patina on museum artefacts and antiques, etc. is an example of such
bacteria capable of surviving on minimal nutrients over a long period of time (Dorn
& Oberlander, 1981).
Although none of the isolates found have 16S rRNA genes resembling those of the
clones, these isolates do reflect the environment from which they were isolated
from to some extent. First, all of them were aerobic, growing at low range of
temperatures between 25 and 45°C. The temperature of the source water was
recorded at 42°C. Oxygen availability at these temperatures would likely be
sufficient to preferentially promote the growth of aerobes rather than anaerobes.
This preference was likely, especially since the number of microbes present was not
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very high. Otherwise, competition for oxygen would lead to oxygen depletion,
thereby creating anaerobic conditions. Secondly, isolates FaiI3T, FaiI4T, FaiI7 and
FaiI8 showed phylogenetic relatedness with groups of bacteria known to be
associated with an oligotropic environment. The isolates FaiI7 and FaiI8 were
related to members of the genus Caulobater, which is commonly found in fresh
water low in organic matter. Chelatococcus assacharovorans is the closest relative
of isolate FaiI4T. Like Chelatococcus assacharovorans, FaiI4T is unable to use sugars
as substrate for cell growth. The finding of these strains in water from the Fairlea
bore of the GAB did reflect on the low availability of organic matter in the water.
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PART

II:

CHARACTERISATIONS

OF

THE

NOVEL

STRAINS FAII3T AND FAII4T ISOLATED FROM THE
FAIRLEA BORE OF THE GAB
4.3 Materials and Methods
4.3.1 Samples, media and isolation
Strains FaiI3T and FaiI4T were isolated by spreading 50 µl of a sample of the Fairlea
source water onto Rouf’s agar plates, followed by incubation at 40°C for 3 days.
Single well-separated yellow and pink colonies corresponding to strains FaiI3T and
FaiI4T respectively were picked and streaked onto fresh Rouf’s agar, then plated
and incubated at 40°C. The process was repeated at least twice or until plates
containing only one colony type were obtained. Then a single colony was
transferred to and routinely grown in liquid Rouf’s medium.

4.3.2 Growth study and substrate utilisation
Optimal temperature, pH and sodium chloride ranges for growth were determined
according to section 2.12.2 using maximal Rouf’s medium. Growth characteristics of
strains FaiI3T and FaiI4T were studied by inoculating two 50 ml of Rouf’s medium
pH 7.1 with 0.5 ml each of the stationary phase cultures and incubated in a 41°C
water bath for 32 hrs. Growth was measured by recording the increase in
absorbency at 600 nm every two hours for 32 hours. Various substrates were
tested according to section 2.12.3 whether they were used by the isolates.

4.3.3 Bacterial physiological studies
Determinations of catalase and oxidase activity, hydrolysis of starch and casein,
oxidative or fermentative catabolism and spore formation by the spore staining
method were carried out according to methods described by Smibert & Krieg
(1994). Cultures of various conditions were also examined extensively for spores by
using phase contrast microscopy. In addition, the ability of the strains to tolerate
heating was also determined as described in section 2.12.4 using maximal Rouf’s
medium. Sensitivity to antibiotics was determined as described in section 2.12.5.
Substrate utilisation tests were performed as described in section 2.12.3 using
minimal Rouf’s medium. An additional substrate tested on strain FaiI4T was
methane. Methane was tested by injecting the gas into tubes of autoclaved medium
capped with a butyl septum, using a syringe with a single-use filter unit (Sartorius)
attached at the end to sterilise the gas at the same time. The ratio of methane to
air in the tube was roughly 1:4.
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The API 20E (bioMerieux) and BBL Crystal E/NF identification kits (Becton
Dickinson) were used to determine the production of nitrite and N2 from nitrate,
enzymatic hydrolysis and utilisation of various substrates as well as acid production
from sugars. The protocols recommended by the manufacturers were used.
Production of bacteriochlorophyll and pigments by the bacterial isolates was
determined by measuring the absorption maxima of acetone extracts of the cells as
described in section 2.12.1.

4.3.4 Mol% G+C content and 16S rRNA gene analysis
Genomic DNA was extracted from a pure culture as described in section 2.4.3. Then
Tm of genomic DNA was determined as described in section 2.11. The methods
used for 16S rRNA gene amplification and sequencing have been described in
section 2.7 and 2.9. The sequences generated were analysed and phylogenetic
trees were constructed using a standard suit of computer programs as described in
section 2.10.

4.4 Results and discussions: Characterisation of novel
isolate FaiI4T
4.4.1 Morphology
Colonies of strain FaiI4T formed on maximal Rouf’s agar plates or nutrient agar
plates after 2 days at 41°C had these characteristics: light pink, 0.5-2.0 mm,
circular, convex, entire edge, smooth and shiny surface, thin in texture and fairly
easily emulsified. The cells were rods with round ends, 1 by 1.5-4.0 µm in size,
occurred mainly singly and as pairs and were motile with polar flagella (Figure
4.2b). Cultures a few days old showed pleomorphic cells in L, T, V and Y shapes as
well as undefined shapes (Figure 4.2a). Large intracellular granules were also
observed as the cultures aged. The cells stained Gram negative.

Electron

micrographs of thin sections also revealed a Gram-negative type cell wall (Figure
4.3). Spores were not observed in any stage of growth either in liquid or solid
medium using phase contrast microscopy and the spore staining method. The fact
that cultures were sensitive to heating at 70°C for 10 minutes supported the notion
that FaiI4T were not spore-formers.
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Figure 4.2: Phase-contrast and scanning electron micrographs of FaiI4T.
(a) Phase-contrast micrograph of FaiI4T grown in Rouf’s medium, wet mount. (b)
Scanning electron micrograph of FaiI4T grown in Rouf’s medium, showing flagella of
negatively stained cells. Bar = 0.5 µm.

Figure 4.3: Transmission electron micrograph of isolate FaiI4T.
The strain has a Gram-negative cell wall structure. Bar = 0.5 µm.

4.4.2 Growth characteristics, temperature,
concentration for optimal growth

pH

and

NaCl

FaiI4T grew at 25 - 45°C with optimal growth at 41°C. No growth occurred at 50°C
or higher (Figure 4.4). The pH range for growth was between pH 6-9 and optimal
growth was obtained at neutral (Figure 4.5). FaiI4T grew best without NaCl. In the
presence of 1% (w/v) NaCl growth was reduced by 60% and no growth was
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observed in the presence of 2% (w/v) NaCl or greater (Figure 4.6). Doubling time
of FaiI4T under optimal growth conditions was 4.5 hours (Figure 4.7).
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Figure 4.4: Growth of isolate FaiI4T at various temperatures.
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Figure 4.5: Growth of isolate FaiI4T at various pH values.
Strain FaiI4T growing in maximal Rouf’s medium at 41°C for 24 hours.
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Figure 4.6: Growth of isolate FaiI4T at various NaCl concentrations.
Strain FaiI4T growing in maximal Rouf’s medium pH 7.1 at 41°C overnight.
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Figure 4.7: Growth curve of isolate FaiI4T.
Strain FaiI4T growing at optimal conditions in maximal Rouf’s medium at pH 7.1 at
41°C.
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4.4.3 Substrate utilisation and physiological characteristics
Strain FaiI4T grew very well on yeast extract, which was also obligately required at
0.06% (w/v) for growth on casein hydrolysate, peptone, acetate and xylose. FaiI4T
did not grow on glucose, sucrose, fructose, maltose, cellobiose, glycerol, ethanol,
methanol, pyruvate, succinate, methane, benzoate, butyrate, oxalate, citrate,
lactate,

fumarate,

glycine,

esculin,

formamide,

N,N-dimethylformamide

or

nitrilotriacetate (NTA) in minimal Rouf’s medium containing 0.06% (w/v) yeast
extract. NTA at a concentration of 0.25% (w/v) or greater inhibited their growth.
Gelatine but not starch or casein was hydrolysed. Nutrient agar also supported
growth. Very weak acid production was observed from glucose and arabinose but
was not detected from mannose, sucrose, melibiose. rhamnose, sorbitol, manitol,
adonitol, galactose, amygdalin or inositol. Oxidase, urease, tryptophane deaminase,
ornithine decarboxylase, arginine dihydrolase, H2S, lysine decarboxylase, βgalactosidase, arabinosidase, glucuronidase, glucosaminidase, xylosidase, indole
from tryptophane, and acetoin were not produced. Nitroanilidase, glucosidase and
strong catalase tested positive. Nitrate was reduced to nitrite.

4.4.4 Antibiotic susceptibility
FaiI4T

were

very

sensitive

to

penicillin,

ampicillin,

neomycin,

tetracycline,

streptomycin and chloramphenicol. Growth was completely inhibited by the
presence of the antibiotics at 10 µg/ml. However, FaiI4T was highly resistant to
vancomycin and spectinomycin. At concentrations of 10, 50 and 100 µg/ml
vancomycin,

74%,

48%

and

13.5%

growth

were

recorded

respectively.

Spectinomycin at 100 µg/ml inhibited growth completely but 61% and 37% growth
remained in the presence of 10 and 50 µg/ml spectinomycin respectively.

4.4.5 Mol% G+C content
The mol% G+C content of the strain FaiI4T was determined to be 63.5 ±0.5 mol%.

4.4.6 16S rRNA sequence analysis
BLAST analysis indicated that strain FaiI4T was most closely related to the
environmental clone WCHB1-55 (Dojka, 1998) and taxonomic undescribed strain
SJA-9 (von Wintzingerode et al., 1999) in class α-proteobacteria, phylum
Proteobacteria, with percentage similarities of 94% and 93% respectively.
Methylobacterium sp. (Patt et al., 1976; Urakami et al., 1993; Urakami &
Komagata, 1984) and Bosea thiooxidans (Das et al., 1996) were the most closely
related species taxonomically validated taxa with the average similarity value of
93% (Figure 4.8). Bootstrap analysis gave a high degree (100%) of confidence to
this

relationship.

Strain

FaiI4T

was

slightly

less

related

to

Chelatococcus
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asaccharovorans (Auling et al., 1993; Egli et al., 1988). The 16S rRNA gene
sequence of strain FaiI4T was assigned the accession number AY078053.

100

Methylobacterium sp.
Microvirga subterraneum DSM 14364T (AY078053)
Bosea thiooxidans DSM 9653T (AJ250796)

95

Chelatococcus asacharovorans DSM 6462T (AJ294349)
Beijerinckia indica subsp. indica ATCC 9039T (M59060)
Aquabacter spiritensis ATCC 3981T

95

Methylorhabdus multivorans
ATCC 5180T (AF004845)
Methylocystis parvus
ATCC 35066T (M29026)
Methylosinus trichosporium
ATCC 35070T (M29024)

Figure 4.8: Dendrogram showing the position of Microvirga subterraneum
strain FaiI4T.
The dendrogram was constructed from 1108 unambiguous nucleotides. GenBank
accession numbers are in brackets. The members of the family Methylobacteriaceae
(indicated by the triangle) included Methylobacterium rhodinum NCIMB 9421T
(L20849) and Methylobacterium radiotolerans JCM 2831T (D32227). Numbers on
the dendrogram represent the bootstrap value of the branching (100 replicates).
The bar indicates 2 nucleotide substitutions per 100 bases.
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4.4.7 Discussion
Strain FaiI4T was isolated directly from source water of the Fairlea bore. The fact
that the source water was from a bore of 295 meters depth and the strain grew
optimally at 41°C suggest that the primary habitat of the strain is the deep
biosphere rather than the surface environment. Strain FaiI4T was inhibited by
penicillin, indicating that it was a bacterial species belonging in the domain
Eubacteria rather than a pink pigmented yeast. This was confirmed by the analysis
of the 16S rRNA gene, which indicated further that the closest relatives of the
isolate were Methylobacterium spp., Chelatococcus asaccharovorans and Bosea
thiooxidans, members of the families Methylobacteriaceae, Beijeinckiaceaeae and
Bradyrhizobiaceae

respectively

of

the

α-proteobacteria

class,

phylum

Proteobacteria. Strain FaiI4T was almost equidistantly placed amongst them with a
similarity value of approximately 94%. This relationship remained stable even with
the selection of different members of the α-proteobacteria in the analysis. The high
bootstrap value obtained for these data sets also suggests that strain FaiI4T is a
deep branching member of α-proteobacteria and should be accorded a genus
status.
Strain FaiI4T is a strict aerobe, non-spore forming, stains Gram-negative, is
catalase positive and does not produce indole or hydrolyse starch. These
phenotypic

properties

are

in

common

with

Methylobacterium

spp,

C.

asaccharovorans and B. thiooxidans. However, numerous other properties of strain
FaiI4T are different from its close phylogenetic relatives (Table 4.2). Strain FaiI4T
can be easily distinguished from all its relatives by its high optimal growth
temperature of 41°C and its very narrow substrate range for growth. The mol%
G+C content of the DNA of strain FaiI4T (63%) is very different from those of
members of the genus Methylobacterium (66 to 72%) and the genus B. thiooxidans
(68%), but similar to that of C. assacharovorans. A number of key metabolic
differences also exist (Table 4.2). The FaiI4T strain is unable to utilise the chelating
agent NTA as a carbon source, a key property differentiating FaiI4T from C.
assacharovorans. In fact 0.5% (w/v) NTA, the amount present in the medium used
for growing Chelatococcus asaccharovorans (Auling et al., 1993), inhibited FaiI4T’s
growth by 50%. Methylobacterium species are defined on the basis of their ability
to use C1 compounds such as methane and methanol as a source of carbon for
growth. But strain FaiI4T is able to utilise none of the C1 compounds tested.
Phylogenetic and phenotypic evidence presented above clearly shows that strain
FaiI4T cannot be assigned to any known taxon. Therefore it has been proposed that
FaiI4T be described as a new species of a new genus, Microvirga subterraneum gen.
nov. sp. nov.
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Table 4.2: Characteristics differentiating the Microvirga subterraneous
strain FaiI4T from Methylobacterium spp., Chelatococcus asaccharovorans
and Bosea thiooxidans.
All are strict aerobes, stain Gram negative and catalase positive but do not form
spores, produce indole, hydrolyse starch or utilise sucrose or methane.
Characteristics
Ecology

Strain
FaiI4T *
Water

Methylobacterium spp.†

C. asaccharovorans

‡

B. thiooxidans

§

Soil, cereal grain,
sediment
Pink,
Rods
0.8-1x1.5-4.0

Waste water and soil

Agricultural soil

White,
Diplococci
1.5-2.0 x 1.2-1.5

Cream, Rods

Motile

Non-motile

0.85 x 1.4 –
1.6
Motile

Single polar

Absent

Single polar

36

30 – 32

7

30,
37 for M. radiotolerans
6–8

7-8

7.5 – 8

Oxidase activity

-

+

+

+

Urease activity

-

+

+

-

+

-

+

-

Pigmentation,
Colony
Cell shape & size (µm)
Motility
Flagella
Growth temperature
optimum (°C)
Growth pH optimum

Pink,
Rods
1.0 x 1.54.0
Motile
Single
polar
41

Hydrolysis of:
Gelatine
Growth substrate
Glucose

-

-

||

-

+

||

w

+

Xylose

+

-

Fructose

-

+

-

+

Succinate

-

+

+

+

+

+

||

Citrate

-

-

Ethanol

-

+

+

ND

Methanol

-

+

-

-

Glycerol

-

+

+

-

Methane

-

-

-

ND

Formate

-

DMF
Acid from arabinose

w

Acid from glucose

w

G+C%

63.5 ± 0.5

-

||

ND

-

-

||

-

ND

-

¶

-

ND

-

¶

-

ND

63

68

66 – 71

* This study. † Data taken from (Patt et al., 1976; Urakami et al., 1993; Urakami & Komagata, 1984).
‡ Data taken from (Auling et al., 1993; Egli et al., 1988).
§ Data taken from (Das et al., 1996).
|| M. radiotolerans grows on glucose, xylose and citrate and M. aminovorans on formate and DMF.
¶ Acid produced weakly by M. extorquens on arabinose and by M. organophilum on arabinose and
glucose.
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Description of Microvirga gen. nov.
Microvirga (Mi.cro, Vir’ga. Gr. adj. mikros, small; L. n. virga, rod; M. L. fem. n.
Microvirga, a small rod). Small rod shaped cells which stain gram-negative. Strictly
aerobic. The optimum temperature for growth is 41°C with a growth temperature
range between 25 and 45°C but not at 50°C. 16S rDNA sequence analysis indicates
that it is a member of class α-proteobacteria, phylum Proteobacteria with the
nearest phylogenetic relatives placed almost equidistantly between Chelatococcus
asaccharovorans and Bosea thiooxidans, members of the families Beijerinckiaceaea
and Bradyrhizobiaceae respectively.

Description of Microvirga subterranenm sp. nov.
Microvirga

subterraneum

(sub.ter.rá.ne.um

L.

adj.

neut.

subterraneum,

underground, subterranean; below the earth / soil, surface). The strain was isolated
from the geothermal waters of a bore (bore register number 3768) tapping the
Great Artesian Basin (GAB) of Australia. 48 hr colonies (diameter of 0.5-2.0 mm)
are light pink, convex, smooth and circular with entire margins. Cells are rodshaped (1 x 1.5-4 µm), stain gram-negative and possess a typical gram-negative
cell wall type ultrastructure, are motile by a single polar flagellum and do not form
spores. Cells from old cultures are pleomorphic and contain large intracellular
granules. The optimum growth temperature is 41°C (temperature growth range
between 25 and 45°C but not at 50°C) and a pH of 7.0 (pH growth range between
pH 6 to 9). The strain grows on yeast extract, which is obligately required for
growth. The strain grows on casein hydrolysate, tryptone, xylose and acetate; but
does not grow on other carbohydrates, organic acids, alcohols, methane, glycine,
esculin, nitrilotriacetate (NTA) N,N-dimethylformamide or formamide. Gelatin, but
not starch or casein, is hydrolysed. Very weak acid production is detected from
glucose and arabinose. Catalase is produced but not oxidase, urease, indole or
acetoin. Nitrite is produced from nitrate. The strain is sensitive to penicillin,
ampicillin, tetracyclin, streptomycin and neomycin, but resistant to vancomycin and
spectinomycin.
The G+C content is 63.5±0.5 mol% G+C. The culture has been deposited in the
American Type Culture Collection as strain ATCC BAA-295T and in the Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH as strain DSM 14364T.
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4.5 Results and discussions: Characterisation of novel
isolate FaiI3T
4.5.1 Morphology
Strain FaiI3T developed colonies on maximal Rouf’s agar plates after 48 hours
incubation at 41°C. The colonies had these characteristics: yellow to pale yellow,
0.5-1.5 mm in diameter, circular, convex, entire edge, smooth surface, sticky in
texture but emulsified fairly easily. The odour was strongly present. The yellow
colony often turned to lighter yellow and vice versa after several successive
streakings on Rouf’s agar plates. The cells were short rods to slightly curved rods,
0.5 by 1-3 µm in size (cells 4-7 µm long were occasionally seen), motile with a
single flagellum, occurring mainly as singles and sometimes in pairs. Short chains
of three were rare (Figures 4.9a and b). In liquid medium the cells tended to form
clumps and the formation of rosettes were commonly observed under the
microscope. The cells stained Gram negative. Transmission electron micrographs of
thin sections also revealed a Gram-negative cell wall (Figure 4.9c). Spores were not
observed in any stage of growth either in liquid or solid media. When cell cultures
of various stages were subjected to heat treatment, they were killed by heating as
low as 70°C for 10 minutes. The fact that the cells were very sensitive to heat
treatment supported the hypothesis that strain FaiI3T is not a spore-former.
a

b

c

Figure 4.9: Photo micrograph of FaiI3T.
(a) Phase-contrast micrograph of FaiI3T grown in Rouf’s medium, wet mount. (b)
Scanning electron micrograph of FaiI3T grown in Rouf’s medium, showing flagella
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negatively stained. (c) Transmission electron micrograph of isolate FaiI3T, showing
Gram-negative cell wall structure.

4.5.2 Growth characteristics, temperature,
concentration for optimal growth

pH

and

NaCl

FaiI3T grew at up to 45°C but grew optimally at 40-41°C (Figure 4.10). Growth was
observed at 45°C but not at 50°C or higher. The pH range for growth was between
pH 6-9 and optimal growth was obtained between pH 6 and 6.5 (Figure 4.11).
FaiI3T grew best without NaCl and tolerated up to only 1% (w/v) NaCl (Figure
4.12). There was no growth at 2% (w/v) or greater. FaiI3T growing at 41°C in
Rouf’s medium pH 7.1 had a generation time of four hours (Figure 4.13).
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Figure 4.10: Growth of isolate FaiI3T at various temperatures.
Strain FaiI3T growing overnight in maximal Rouf’s medium at pH 7.1.

0 .6
0 .5
0 .4
0 .3
0 .2
0 .1
0
0

2

4

6

8

10

pH
G r o w th ( a )
A v e r a g e d G ro w th

G ro w th (b )

Figure 4.11: Growth of isolate FaiI3T at various pH values.
Strain FaiI3T growing in maximal Rouf’s medium at 41°C for 24 hr.
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Figure 4.12: Growth of isolate FaiI3T at various NaCl concentrations.
Strain FaiI3T growing in maximal Rouf’s medium at 41°C for 24 hr.

Absorbance 600nm

1.4
1.2
1
0.8
0.6
0.4
0.2
0
0

5

10

15

20

25

30

35

Time (hours)
Growth (a)

Growth(b)

Averaged Growth

Figure 4.13: Growth curve of isolate FaiI3T.
Strain FaiI3T growing at optimal conditions in maximal Rouf’s medium at pH 7.1 at
41°C.

4.5.3 Substrate utilization and physiological characteristics
FaiI3T was able to utilise quite a wide range of substrates which included yeast
extract, peptone, acetate, pyruvate, nitrate, xylose, sucrose, glucose, glycerol,
succinate, butyrate, lactate, fumarate and cellobiose. Yeast extract was found to be
the best substrate to support growth. Utilization of phenylalanine was also
determined positive from increased growth as well as the production of tyrosine, a
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known metabolic product of phenylalanine (Figure 4.14). Substrates not utilised by
FaiI3T included maltose, fructose, glycine, citrate, ethanol, benzoate, oxalate,
esculin and nitrilotriacetate (NTA). An NTA concentration of 0.25% (w/v) or greater
inhibited their growth. Gelatine but not starch was hydrolysed. Nutrient agar did
support growth well. Acid was not detected from growth on mannose, sucrose,
melibiose, rhamnose, sorbitol, manitol, adonitol, galactose, amygdalin and inositol
but was very weakly detected from glucose and arabinose. Oxidase, urease,
tryptophane deaminase, ornithine decarboxylase, arginine dihydrolase, H2S, lysine
decarboxylase, β-galactosidase, arabinosidase, glucuronidase, glucosaminidase,
xylosidase, indole from tryptophane, and acetoin were not produced, but
nitroanilidase, glucosidase and strong catalase tested positive.
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Figure 4.14: Growth of isolate FaiI3T and the production of tyrosine in the
presence of phenylalanine.
Strain FaiI3T was grown at 41°C for 76 hours in the presence of 0.5 g/l
phenylalanine in Rouf’s medium (pH 7.1) containing 0.006% and 0.06% yeast
extract (YE). The concentration of tyrosine increased in concomitant with cell
growth. Negative controls included cultures grown in the same medium but without
phenylalanine and tubes containing Rouf’s medium with and without inoculum,
showed minimal amounts of detectable tyrosine.
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Figure 4.15: Standard curve of known tyrosine concentration for tyrosine
assay.
A standard curve was set up for tyrosine reference (concentrations between 6-200
µg/ml).

4.5.4 Antibiotic susceptibility
FaiI3T

was

very

sensitive

to

neomycin,

tetracycline,

streptomycin

and

chloramphenicol, as no growth was observed in media containing these antibiotics
at concentrations as low as10 µg/ml. However, resistance to penicillin, ampicillin,
vancomycin and spectinomycin were observed. Growth of 3% and 35% were
recorded in the presence of 100 and 50 µg/ml penicillin respectively. Ampicillin,
vancomycin and spectinomycin at 50 µg/ml caused total inhibition to growth
whereas 40%, 16% and 9% growth were observed at the presence of 10 µg/ml of
the respective antibiotics.

4.5.5 Mol% G+C content
The mol% G+C content of strain FaiI3T was determined to be 66.5±0.5 mol%.

4.5.6 16S rRNA sequence analysis
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The 16S rRNA gene sequence of FaiI3T showed the greatest 97% similarity to an
uncultured bacterium clone WD225 from a soil sample (Nogales et al., 2001) and
96% similarity to an undescribed isolate, FWC21. Sequence similarities obtained
with all species known and described to date were lower. Similarity values of 95%
was found with Phenylobacterium immobile (Embl Y18216) and 94% with
Caulobacter henricii, Caulobacter fusiformis, Caulobacter vibrioides and Caulobacter
crescentus (Abraham et al., 1999).

Escherichia coli K12 sub.str.MG1655, AE000129
100
100
84

Brevundimonas vesicularis IAM 12105T, AB021414
Brevundimonas vesicularis LMG 2350T, AJ227780
Brevundimonas diminuta LMG 2089T, AJ227778
Caulobacter henricii ATCC 15253T, AJ227758.

100
100

Caulobacter vibrioides ATCC 11764, AJ227755
Caulobacter vibrioides CB51 Neotype VKM-B1496T, AJ009957

100

100

94

Caulobacter sp. str. FWC21, AJ227767
Phenylobacterium immobile DSM 1986T, Y18216.
Phenylobacterium str. FaiI3T DSM 14363T

0.05

Maricaulis maris ATCC 15268T, AJ227802

Figure 4.16: Dendrogram showing the position of the Phenylobacterium
strain FaiI3T.
The strain FaiI3T (DSM 14363T, ATCC BAA-245T) is interpreted as a new member of
the genus Phenylobacterium in the α-proteobacteria class, phylum Proteobacteria.
Data were obtained from 1384 unambiguous nucleotides. GenBank accession
numbers for the sequences are shown in brackets. Numbers on the dendrogram
represent the bootstrap value of the branching (100 replicates). The bar indicates 5
nucleotide substitutions per 100 bases.
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4.5.7 Discussion
According to the 16S rRNA gene analysis, strain FaiI3T was most related to
Phenylobacterium immobile strain E (Lingens et al., 1985) and to members of
genus Caulobacter (Abraham et al., 1999) with percentage similarities of 96% and
94% respectively (Figure 4.16). The ability of FaiI3T to grow well at 37°C and its
optimal growth temperature of 41°C significantly distinguished it from members of
genera Caulobacter, Brevundimonas and Maricaulis, which grew optimally at 2025°C and tolerated up to only 35°C. The sensitivity of FaiI3T to salt also illustrated
its difference from the marine members of Maricaulis and those Caulobacter and
Brevundimonas species, which required salt for optimal growth and for which
reduced growth was observed in the absence of salt (Abraham et al., 1999).
Despite a relatively low level of similarity, hence showing only a moderate
relationship, strain FaiI3T shared certain characteristics with P. immobile. Like P.
immobile strain E. FaiI3T possessed the ability to metabolise the aromatic amino
acid phenylalanine and used it for cell growth. This conclusion was arrived at from
the fact that growth of FaiI3T increased concomitantly with an increase of tyrosine
detected in the culture media supplemented with phenylalanine, whose absence
resulted in only a negligible trace of tyrosine being found. The addition of
phenylalanine to minimal Rouf’s medium containing 0.06% yeast extract also
resulted in a greater level of growth than in its absence. The capability to assimilate
amino acids would enhance the cells’ ability to thrive on dead and decomposed
cells, releasing organic materials into the surroundings. This adaptation may be
vital for their survival in an environment rich in minerals but low in organic
materials such as in an aquifer of the GAB. Both P. immobile strain E and FaiI3T
were very sensitive to salt and grew best without it. At the presence of 0.5% (w/v)
NaCl growth of FaiI3T was reduced by 75%. Similarly, a considerable inhibition was
observed in P. immobile’s culture. For both cultures, growth was totally inhibited by
1% (w/v) NaCl. This low salt tolerance reflects on the habitat where FaiI3T was
originally found. Ultrathin sections of the two species also showed a Gram-negative
type cell wall arrangements similar to one another. P. immobile and FaiI3T also
have similar antibiotic resistance profiles. Both were susceptible to neomycin,
tetracycline, streptomycin, chloramphenicol and ampicillin. The mol% G+C of strain
FaiI3T, determined to be 66.5 ± 0.5, was close to the values of all members of the
genus Phenylobacterium, which were between 65 and 68.5.
In addition to low similarity in their 16S rRNA gene sequences, other characteristic
differences also strongly indicated that FaiI3T is not another strain of P. immobile.
FaiI3T is a facultative anaerobe, actively motile with a single flagellum. Its colonies
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were yellow whereas P. immobile is an obligate aerobe, non-motile and non
pigmented. The choridazon-degrading bacterium P. immobile grew optimally from
28-30°C with no growth at 37°C, the temperature at which the cultures died within
several days.

FaiI3T on the other hand, grew very well at 37°C. Optimal growth

was observed even at a slightly higher temperature of 41°C. The growth
characteristics and substrates used were very different for P. immobile and FaiI3T,
apart from their abilities to utilise phenylalanine for growth. P. immobile grew well
only on limited and specialised carbon and energy sources such as herbicides
chloridazon, antipyrin and pyranmidon and phenylalanine. In contrast FaiI3T grew
very well in a wide range of substrates (Table 4.3) including sugars, glycine and
gelatine as well as fatty acids such as acetate, succinate and butyrate. Most sugars
including glucose, sucrose and xylose was not utilised by P. immobile but these
substrates supported FaiI3T’s growth very well. Furthermore, P. immobile was
described to be slow growing whereas the opposite was true for FaiI3T. Single
yellow FaiI3T colonies of 1-2 mm in diameter were seen on Rouf’s agar plates after
36-48 hours of incubation at 41°C, but P. immobile required 2-3 weeks for such
growth to develop (Lingens et al., 1985). Clearly, strain FaiI3T was different from P.
immobile strains. Therefore it has been proposed that strain FaiI3T be assigned a
new species in the genus Phenylobacterium under the name Phenylobacterium
lituiforme.
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Table 4.3: Salient features of Phenylobacterium lituiforme strain FaiI3T
(DSM 14363T) and Phenylobacterium immobile strain ET (DSM 1986T), the
type species of the genus.
Characteristics

P. lituiforme strain FaiI3T

Ecology

Water

from

*

subsurface

P. immobile strain ET †
Soil

aquifer
Pigmentation, Cell

Yellow to pale yellow, Rods,

Colourless, Rods to coccal

shape & size (µm)

0.5x1-3

rods, 0.7-1.0 x 1-2

Motility

Motile

Non motile

Flagella

Single, Polar

Non

O2 requirement

Facultative anaerobes

Obligate aerobes

Growth

25-45°C,

temperature

range

optimal

41°C.Growth

at

present

40
at

Optimal at 28-30°C.
No growth at 37°C

45°C
Growth pH range

6-9, optimal at 6-6.5

6.5-8, Optimal at 6.8-7

Growth NaCl range

Optimal at 0%, no growth at

Optimal at 0%, no growth

1%

at 1%

Oxidase activity

-

+ (weakly)

Gelatine hydrolysis

+

-

Glucose

+

-

Sucrose

+

-

Xylose

+

-

Glycerol

+

-

Acetate

+

-

Succinate

+

+ (slow)

Citrate

+

-

G+C%

66.5 ±0.5

65.5

Growth substrate:

*This study. † (Lingens et al., 1985).
P. lituiforme and P. immobile stain Gram-negative, do not form spores or prosthecae and do not grow
on maltose, fructose or hydrolyse starch. Both species are catalase positive and urease negative and do
not produce indole.

Amended description of Phenylobacterium Lingens et al., 1985 emend.
Cells are Gram negative, non-spore-forming straight to slightly curved rods, either
coccobacilli or cocci measuring 0.7-1.0 x 1-2 µm. Cells may occur singly, in pairs or
short chains. Strains may form rosettes. Filamentous cells tend to form in old
cultures. Cells are strictly aerobic or facultative anaerobic and may be non-motile or
motile. Cells do not form sheaths or prosthecae and are not acid fast. Members of
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the genus grow on L-phenylalanine. Based on the 16S rRNA sequence analysis,
members of this genus form a monophyletic group within the order Caulobacterales
of the class α-proteobacteria of the phylum Proteobacteria. The type species is
Phenylobacterium immobile strain E (=DSM 1986T) (Lingens et al., 1985). The DNA
base ratio is 65±1 mol% G+C. Isolated from soil and water.

Description of Phenylobacterium lituiforme sp. nov.
Phenylobacterium lituiforme (li.tu.i.forme, L. masc. N. lituus, curved rod of the
Roman augurs, L. suffix –forme, having the form of, N. L. adj. Lituiforme, formed
like a curved rod)
Strain FaiI3T is a facultative anaerobe isolated from water collected from a free
flowing bore well tapping the underground water of the Great Artesian Basin of
Australia. Yellow to pale yellow colonies (0.5-2 mm) develop on Rouf’s agar plate
after 48 h. at 41°C. Colonies are circular, convex, entire edge, smooth surface,
sticky in texture, fairy easily emulsified and odor was present. The cells are nonspore-forming rods or slightly curved rods (0.5 by 1-3 µm), motile with a single
polar flagellum. They occur mainly singly, some in pairs and short chains. Cells tend
to from clumps in liquid medium and rosette formation is common. The cells stain
Gram negative and electron micrographs of thin section reveal a multi-layered
complex Gram-negative cell wall. Sheaths and prosthecae are not produced. Strain
FaiI3T grows optimally at 40-41°C and growth was observed at 45°C but not at
50°C. The pH range for growth is between pH6-9 and optimal growth occurs
between pH 6-6.5. Strain FaiI3T is very sensitive to NaCl and growth is inhibited by
0.5 %(w/v) NaCl. FaiI3T grows best with yeast extract as the sole carbon and
energy source. Peptone, acetate, pyruvate, xylose, glucose, glycerol, succinate,
butyrate, lactate, fumarate, L-phenylalanine, cellobiose and gelatin support growth
but not maltose, fructose, citrate, glycine, ethanol, benzoate and oxalate. Tyrosine
is produced from L-phenylalanine. Strain FaiI3T is catalase positive, oxidase
negative and does not hydrolyse starch. Growth is inhibited by neomycin,
tetracycline,

streptomycin,

chloramphenicol,

ampicillin,

vancomycin

and

T

spectinomycin. The mol% G+C content is 66.5±0.5. Strain FaiI3 has been assigned
as a new species of the genus Phenylobacterium and named Phelylobacterium
lituiforme sp. nov. in the order Caulobacterales, class

∝-proteobacteria,

phylum

Proteobacteria. The type strain is strain FaiI3T =ATCC BAA-294T, DSM 14363T (T=
type strain).
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CHAPTER

5:

ENRICHMENT

AND

ISOLATION

OF

BACTERIA FROM THE COOINDA BORE OF THE GAB
AND CHARACTERIZATION OF THE

NOVEL STRAIN

COOI3BT ISOLATED.
5.0 Introduction
The necessity of having a pure culture is significant in the study of microorganisms.
Although modern techniques recently developed enable us to learn much about
microbes without having to culture them first, obtaining a pure culture is still
desirable and essential. For example, the 16S rRNA gene sequence of an uncultured
bacterium alone would not tell anything about the characteristics and properties of
the bacterium to which the gene belongs. However, if there exists a pure isolate
which has been well characterised, then it is possible to expect to some extent that
the bacterium represented by the clone would have some properties similar to its
phylogenetically close relatives.
Microbes are known to inhabit shallow and deep sub-surface aquifers, soil, rocks
and sediments. Physiologically and metabolically diverse groups of microorganisms
including mesophiles, thermophiles, aerobes and anaerobes have been isolated
from such varied habitats. However, it is not known whether they are part of
actively growing flora, are transients having been transported by percolating
waters, or which have been deposited and have survived in the sediments from
past geological periods. Dissimilatory iron Fe(III)-reducing bacteria (DIRB) have
important roles in the cycling of organic matter and metals, particularly iron and
manganese, in many anaerobic environments (Lovley, 1991) (Lovley, 1995)
(Nealson

& Saffarini, 1994). A number of DIRB species including Deferribacter

thermophilus (Greene et al., 1997), Thermoanaerobacter spp. (Liu et al., 1997) and
Bacillus infernus (Boone et al., 1995) have been isolated from deep sub-surface
environments, suggesting that such anaerobic microbes could influence the
geochemistry of their surroundings (Chapelle, 1993; Fredrickson & Gorby, 1996).
This chapter reports on enrichment and isolation of bacteria from the Cooinda bore
(registration number 4381). A novel bacterium strain COOI3BT capable of iron and
manganese reduction is characterised and described. The Cooinda bore is situated
in Winton (near Longreach), Queensland, Australia. It was drilled in 1937 to a
depth of 1002.5 m to tap free-flowing underground water from the GAB. The water
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freely emitted from this bore at 72.5oC is fresh water. It contains 0.02 mg/l iron,
0.02 mg/l manganese, 125 mg/l NaCl with a T.D.S. of 380 mg/l. The water from
the bore has been an important source for the water supply to raise sheep and
cattle. The strain COOI3BT from the Cooinda bore has been assigned a new species
of the genus Bacillus, with the name Bacillus subterraneus (Kanso et al., 2002). Its
nearest phylogenetic relatives are Bacillus firmus and Bacillus infernus.
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PART

I:

ISOLATION

OF

BACTERIA

FROM

THE

COOINDA BORE
5.1 Materials and Methods
5.1.1 Samples, enrichment and isolation
Water samples were collected from the Cooinda bore head as described in section
2.3. Rouf’s agar plates and medium D agar plates were spread with water samples
followed by incubation at 25-70°C for 3 days in an attempt to isolate aerobic
bacteria from the Cooinda bore water. Distinctive colony types developed. These
were picked and transferred to fresh media and the process was repeated twice or
until a plate containing of only one colony type had been obtained. Then a single,
well-isolated colony was transferred to fresh liquid medium for routine growth and
further characterisation. Anaerobic enrichment was carried out in liquid MR medium
and SRB medium. Pure cultures were obtained by serially diluting the enrichment
culture in medium solidified with 2% agar. The process was repeated twice. Each
isolate was stored at –70°C for future use (section 2.12.6).

5.1.2 Preliminary study of the isolates
The purity of each culture was checked again by streaking the cultures on agar
plates. The ability of strains isolated anaerobically to grow aerobically was tested in
liquid Rouf’s medium. Strains capable of aerobic growth were then grown and
maintained in Rouf’s medium for convenience. Strains obtained from medium D
agar plates were tested for growth in Rouf’s medium. Colonies growing on Rouf’s
agar plates were described. The morphology of cells grown in both liquid and solid
media was examined by phase contrast microscopy and photographs were taken.
The temperature growth ranges were checked for all the isolates by streaking
colonies onto Rouf’s agar plates and incubating at the temperatures from 25 to
70°C for 4 days. Phylogenies were studied by sequencing and analysing the 16S
rRNA gene sequences (sections 2.7, 2.9 and 2.10).

5.2 Results and discussion: Enrichment and isolation
from the Cooinda bore
5.2.1 Enrichment and isolation
Eight bacterial strains were isolated from the Cooinda bore. Two strains, COOI3BT
and COOI9, were successfully isolated under anaerobic conditions using MR
medium. However, these two strains were also capable of growing aerobically on
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Rouf’s medium. Strains COOI1 and COOI2 were isolated aerobically using medium
D. These were also capable of growing in Rouf’s medium. Strains COOI4A, COOI5
and COOI8 were isolated aerobically on Rouf’s agar plates incubated at 40°C,
whereas strain COOI3C was isolated at 37°C, using the same medium. Strain
COOI4A was the only colony type that developed at 55°C, which was the highest
incubation

temperature

producing

bacterial

colony

formation.

No

positive

enrichment was obtained in anaerobic SRB medium.
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5.2.2 Preliminary studies of the bacterial strains isolated from the Cooinda bore
Table 5.1: Morphology and phylogeny of the bacterial strains isolated from the Cooinda bore.
All strains were grown on Rouf’s agar plates for two days.
Strain
name

Colony description

Cell description

COOI1

Pink, 0.5-1.5 mm, irrigular, convex,
undulate.

COOI2

Milky & dull white, 0.5-2
circular, convex, entire edged.

Thin rods and filaments, 0.8x5-150 µm
(mainly 5-30 µm), single, pairs, motile, no
spores seen.
Rods 1x1.7-6µm (mainly 2-3 µm), single,
pairs, very motile.

COOI3BT

White,
translucent 0.5-1.2 mm
irregular, convex, undulate, smooth
& shiny surface, butter-like texture,
rhizoid growth after 48 h.
Cream to yellow, 0.5-1.0 mm,
circular, convex, entire.

COOI3C

mm,

Straight to slightly curved rods 0.5-0.7 x 225 µm (mainly 2 - 8 µm), single, pairs and
chains, no spore seen.

Temperature
range for
growth °C
25-45

25-45

25-45

Rods 0.5-1.0 x 1-4 µm, single, motile, no
spores seen.

COOI4A

Cream, translucent, 0.5-1
circular, convex, entire.

mm,

Thick rods, 1-2.5 x 4-60, (mainly 4-30 µm),
single, pairs, short chains of 3-4, motile,
spores seen.

25-55

COOI5

White, 0.5-1.2 mm irregular, convex,
undulate, smooth & shiny surface,
odor present.

Thin rods, 1x 3-18, single, pairs, short chain
of up to 8, motile, no spore seen

25-45

COOI8

Pink, 0.5-1.5 mm, irregular, convex,
undulate.

25-45

COOI9

Brownish cream, 0.5-1 mm, circular,
convex, entire.

Thin rods and filament, 0.8x5-150 µm
(mainly 5-30), single, pairs, motile, no
spore seen.
Rods, 0.5-1x 1.5-3, single, pairs, motile, no
spore seen.

25-45

Phylogenetic relatives and the 16S rRNA
gene similarities (%)
Deinococcus-Thermus,
Deinococci class
Meiothermus cerbereus 99%
Proteobacteria,
α-proteobacteria class
Paracraurococcus ruber
91%
Firmicutes,
Bacilli class
Bacillus subterraneus 100%
Bacillus sp. YKJ-11 99%
Proteobacteria,
β-proteobacteria class
Ralstonia eutropha 99%
Firmicutes,
Bacilli class
Bacillus methanolicus 96%
Firmicutes,
Bacilli class
Bacillus sp. YKJ-11 99%
(partial sequence)
Deinococcus-Thermus,
Deinococci class
Meiothermus cerbereus 99%
Proteobacteria,
γ-proteobactera class
uncultured clone SM2E06 94%
Xanthomonas sp. ML-122 94%
Lysobacter antibioticus 94%
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Figure 5.1: Dendogram showing the phylogenetic placement of bacterial
isolates and representative clones of the 4381 library from the Cooinda
bore together with the clones from the other seven clone libraries and
their closest relatives.
The masked data set includes 1165 non-ambiguous nucleotides. Hydrogenobacter
subterranea HGP1 was used as an out-group species. Phyla and classes are
indicated near the corresponding nodes in bold and italics. The number at the nodes
indicates the bootstrap values from 90. Strains isolated in this study are shown in
bold. The bar indicates 5 nucleotide substitutions per 100 bases.
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5.2.3 Discussion
The majority of the bacterial species isolated from the Cooinda bore belong to the
genera Bacillus and Meiothemus as determined by analysing their 16S rRNA genes.
The similarities between the 16S rRNA genes of these isolates and their related
species are very high (Table 5.1). Members of these genera are capable of forming
resistant bodies. Bacillus species are commonly known to form spores that survive
hash conditions for a long period of times. Thermus and Meiothermus species are
known to form rotund bodies consisting of tiny cells tightly packed in a sphere
surrounded by some kinds of outer cell walls. The formation of such body is
observed at the stationary phase of cell growth when cells start to die off. The
function of the rotund body is unclear (Brock & Freeze, 1969; Brock & Madigan,
1991).
However base on the analysis of the 16S rRNA genes cloned from the mixed
genomic DNA extracted from the Cooinda bore, the natural bacterial population of
the bore was determined to be different from those bacterial species isolated
directly from the bore water. The natural bacterial population of Cooinda bore is
represented in the 16S rRNA gene clone library labelled 4381 (chapter 3, sections
3.2.3, 3.3.4-3.3.5). Clone 4381-15, representing a novel species distantly related
to the genus Hydrogenophaga, dominated the clone library with 52% of the total
clones (Table 3.2). Other five clones represented bacterial species with high
percentage similarity of the 16S rRNA genes of 98-99% to members of the genera
Stenotrophomonas,

Methylobacterium,

Acinetobacter,

Comamonas

and

an

uncultured species phylogenetically affiliated to the α-proteobacteria class.
The microbial community of the Cooinda bore established base on the 16S rRNA
gene analysis did not agree with or reflect on the population enriched and isolated
directly from the water sample from the bore. This finding is similar to the case of
the Fairlea bore (chapter 4). Other literatures have also reported similar findings
that microbial populations obtained by using molecular methods were different from
the one obtained by direct isolation (Dunbar et al., 1999; Kampfer et al., 1996;
Suzuki et al., 1997; Ward et al., 1998; Ward et al., 1997). Some factors likely to
contribute to these population differences obtained from the two methods include
selectivity of the enrichment media used, novelty of bacterial species in which their
growth conditions and nutritional requirements are not known and a long storage
period of water sample used in enrichment and isolation. Bacillus species are
commonly easily isolated from water and soil samples. Thermus and Meiothermus
are reported to widely distribute in varied sources with elevated temperature and
are also easily isolated from the GAB. Bacillus and Meiothermus species isolated
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from the Cooinda bore appear to be fast-growing species. The medium and growth
condition used must have been very suitable for them to grow. Nutritional needs of
these species are simple and must have been met within the medium provided. So
they grow very easily and quickly outgrowth other species under such condition
favouring them. Novelty of bacterial species such as those represented by clones
4381-3 and 4381-15 (Table 3.2 chapter 3) is also a high possible reason for their
unsuccessful enrichment. It is highly likely that the conditions required for their
growth were not met in the media provided. The isolation of Bacillus and
Meiothermus species may have reflected upon the long period of sample storage.
Because of their abilities to form spores and other form of resistant body, they were
able to survive the storage periods.
The isolates obtained from the Cooinda bore water are unlikely to be the majority of
the true population actively growing and dominating the environment. Firstly, the
isolates were not represented in the clone library. If they did existed in a significant
number, their genomic DNAs would have had been extracted in high amount and
clones representing them would have had been detected in the clone library of the
size studied. Secondly, most isolates grow at the temperatures of 45°C and 55°C
maximum, but the water emitted from the Cooinda bore is 72°C. At this
temperature none of the isolates were capable of growing. Although the
temperature of 72°C is within the temperature range for growth of thermophilic
Bacillus and Meiothermus species, the strains associated with the sub-surface of
GAB grow at much lower temperature range. Members of these genera are also
commonly known to associate with the GAB. It is very likely that these species
thrived in low number in cooler spots of the niche and possibly being washed into
the source water with higher temperature and remained in their dormant forms.
When the environment became favourable and nutrients are available such as in
the enrichment media and conditions, they became viable and outgrowth other
more fastidious and slow growing species.
During enrichment and isolation of bacteria from the GAB, some well-known
difficulties involving the process have been experienced. It is commonly known that
microbes do not normally exist in isolation. Instead they live as part of a
consortium forming some kind of relationships with other species, often in such a
way that benefits each individual. Relationships formed between the species in a
consortium can be very tight both metabolically and physically. Their cultures often
appear to be uniformly pure making it very difficult to recognised. This
characteristic contributes a great deal to the difficulties faced by researchers in
obtaining a pure culture. One historical case recorded in 1960 was a research on
Methanobacillus omelianskii in Ralph Wolfe’s laboratory (Ingraham

& Ingraham,
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2000). M. omelianskii was originally believed to have the ability to convert ethanol
and carbon dioxide into methane gas. After months Wolfe tried to study how the
process of conversion takes place, M. omelianskii was instead found to be a mixed
culture consist of two different species living together with a syntrophic interaction.
One strain converts ethanol to hydrogen gas and the other converts the hydrogen
gas and carbon dioxide into methane. Problems involving the separation of bacterial
strains were faced during the attempts to isolate bacteria from the Cooinda bore.
Three simple conclusions were made from the experiences. First, a well-isolated
colony can not always be assumed a pure culture. Second, it is possible for strains
with different physical appearances (i.e., colony colour and cell morphology) to be
the same species. Third, it is also possible for strains with similar physical
appearances to be different species. As physical appearances of procaryotes are not
very diverse, it is hard to distinguish them relying on an observation of such
characteristics during a preliminary study. Therefore care must be taken when the
observation of characteristic is made. Repetitions of plating and routine microscopic
examination of cultures are necessary to ensure their purity.
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PART II: CHARACTERISATION OF STRAIN COOI3BT
ISOLATED FROM THE COOINDA BORE OF THE GAB
5.3 Materials and Methods
5.3.1 Samples, enrichment and isolation
Water samples were collected from the Cooinda bore as described in section 2.3.
Strain COOI3BT was successfully enriched by injecting 1 ml of the water sample into
10 ml MR medium (section 2.2.4) containing 0.016 g of iron oxide and incubated at
40°C for one week. An enrichment culture which developed was found to reduce
Fe(III), was sub-cultured and was tested for its ability to grow in MR medium
containing nitrate (20 mM) as an alternative electron acceptor to Fe(III). Pure
cultures were obtained by serially diluting the sub-cultured enrichment in MR
medium containing nitrate (20 mM) and solidified with 2% agar. Well-isolated
single colonies that developed after a 6 day-incubation at 40°C were selected and
sub-cultured in nitrate-containing MR medium. The procedure was repeated twice
to ensure purity. The ability to reduce Fe(III) was also tested for the pure culture.

5.3.2 Alternative electron accepters
Alternative electron acceptors were tested in modified MR medium in which yeast
extract was present at 0.05% instead of 0.2%. Potential electron acceptors tested
included fumarate, nitrate, nitrite, thiosulfate, glycine and sulfite which were added
from sterile stocks to a final concentration of 20 mM. Fe(III) and Mn(IV) were
added to a final concentration of 15 mM prior to an autoclave of the medium.
Growth was recorded as positive if the absorbance at 600 nm was greater than the
growth in control cultures in media that lacked electron acceptors. Reduction of
Fe(III) was noted if the culture appeared turbid and the fine brownish powder of
porous Fe3+ turned black. The transformation of black MnO2 into a white precipitate
indicated the reduction of Mn(IV).

5.3.3 Growth characteristics, temperature, pH and NaCl ranges
for growth
The growth curve of strain COOI3BT was obtained anaerobically in Hungate tubes
by inoculating 0.1 ml of a stationary phase culture in 10 ml maximal MR enriched
with 20 mM nitrate. Growth was measured by recording the increase in absorbance
at 600 nm every 2 hours for 20 hours. The Hungate tubes were directly inserted
into a NovaSpec spectrophotometer (LKB, Sweden) equipped with an adaptor to
accommodate the tubes.
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The temperature (25°C to 60°C), pH (5-10) and sodium chloride (0 to 10%) range
for growth was tested in maximal MR medium containing 20 mM nitrate. The pH
was adjusted as necessary by injecting appropriate amounts of 10% (w/v) NaHCO3,
10% (w/v) Na2CO3 or 0.1 M HCl. NaCl was weighed directly in Hungate tubes prior
to dispensing 5 ml of the medium to give the final concentration of NaCl desired.
The ability of the strain COOI3BT to grow aerobically was tested in aerobically
prepared maximal MR medium without sodium nitrate.

5.3.4 Reduction of Fe(III) and Mn(IV) oxides
Amorphous

Fe(III)

oxyhydroxide

and

amorphous

manganese

dioxide

synthesised according to the method of Lovley and Philips (Lovley

were

& Phillips,

1988). Fe(III) and MnO2 reduction was determined as described by Greene et al.,
1997. Fe(III) reduction was determined by mixing 0.2 ml of culture with 3 ml of
ferrozine reagent (0.1 w/v of ferrozine in HEPES buffer pH 7.1). After 1 min the
absorbance at 562 nm was read. Absorbance increased with the formation of Fe(II)
as the Fe(III) decreased. A standard curve for Fe(II) concentration was set up
using FeSO4⋅7H2O at concentrations between 0.05 mM to 1 mM. This standard
curve was used to calculate the reduction of Fe(III).

5.3.5 Bacterial physiological studies
Inability of the strain to tolerate heating was determined as described in section
2.12.4 using maximal Rouf’s medium. Sensitivity to antibiotics was determined as
described in section 2.12.5. Substrate utilization studies (section 2.12.3) were
performed in minimal MR medium with or without sodium nitrate (20 mM)
supplement as an electron acceptor. Growth was regarded as positive when the
absorbance at 600 nm was greater than the growth in control tubes that lacked any
substrates.

5.3.6 Determination of mol% G+C and 16S rRNA gene analysis
Genomic DNA was extracted from pure culture as described in section 2.4.3. The
mol% G+C of the genomic DNA was determined by the Tm method as described in
section 2.11. Genomic DNA for PCR amplification of the 16S rRNA gene was
extracted as described in section 2.4.2. The amplification and sequencing of the
16S rRNA gene has been described in sections 2.7 and 2.9. The sequences
generated were analysed and phylogenetic trees were constructed using a suit of
programs as described in section 2.10.
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5.4 Results: Characterisation of strain COOI3BT
5.4.1 Enrichment and isolation
A positive enrichment culture, in which the fine brownish amorphous Fe(III) powder
had turned black, developed at 40°C after six days incubation. Motile and slightly
curved rod-shaped cells were observed in the enrichment culture. A pure culture
was obtained from this positive enrichment culture, using the end-point agar shake
dilution method. The isolate was designated as strain COOI3BT.

5.4.2 Morphology
Strain COOI3BT cells were observed as straight to slightly curved rods (2-25 µm x
0.5-0.7 µm) with the majority of the population being 2 - 8 µm long (Figure 5.2a).
The cells occurred mostly as singles, but paired cells and chains of cells were also
observed. Strain COOI3BT was motile with peritrichous flagella. The cells stained
gram negative in all phases of growth. But electron micrographs of thin sections
showed cell walls reminiscent of Gram positive bacteria (Figure 5.2b). Spores were
not observed at any stage of growth under tested conditions. The cells were also
sensitive to heat treatment. Cultures of various ages exposed to 80°C for 20
minutes were dead,

supporting the conclusion that these cells were not spore

formers.

a

b

Figure 5.2: Photomicrographs showing the nature of strain COOI3BT cells.
(a) A phase contrast photomicrograph showing the rod-shaped cells. The bar
indicates 5 µm. (b) An electron micrograph of a thin section of strain COOI3BT
showing a thick Gram-positive type cell wall. The bar indicates 0.1 µm.
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5.4.3 Growth characteristics, temperature, pH and NaCl ranges
for growth
Strain COOI3BT grew optimally at temperatures between 37-40°C (temperature
growth range 25 to 45°C), and pH between 7 and 9 (pH growth range of 6.5 to 9)
and 5% (w/v) NaCl (growth range between 0 and 9% but not as high as 10%
(w/v)) (Figure 5.3).
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Figure 5.3: Effects of NaCl on growth of strain COOI3BT.
Strain COOI3BT growing at 40°C in maximal MR medium at pH 7 supplemented with
20 mM sodium nitrate as an electron acceptor.

5.4.4 Electron acceptors and the reduction of Fe(III) and
Mn(IV) oxides
Strain COOI3BT showed the ability to use Fe(III), Mn(IV), fumarate and nitrite as
electron acceptors but not thiosulfate, glycine or sulfite. Reduction of Mn(IV) by
strain COOI3BT was evident by the transformation of black porous MnO2 powder
into white precipitate. The transformation could be seen within 2-3 days after
incubation at 37°C. All the black MnO2 was completely transformed within a week.
Fe(III) reduction was also possible to observe by eye as its reddish brown powder
turned to the Fe(II) form, which is black. The formation of the product, Fe(II), was
also monitored as a way to measure the reduction of Fe(III). Under an anaerobic
condition iron was reduced with a concomitant increase in cell growth (Figure 5.4).
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Figure 5.4: Growth of strain COOI3BT with Fe(II) reduction.
Strain COOI3BT was grown in 10 ml MR medium containing 0.05% (w/v) yeast
extract instead of 0.2% yeast extract, 20 mM glucose and 15 mM Fe(III) as an
electron acceptor. The tubes were inoculated with 0.1 ml of an overnight culture of
strain COOI3BT and grown for 20 hours at 40oC. Growth was measured at OD600
(⎯o⎯) and a concomitant increase in Fe(II) (⎯•⎯) from reduction of Fe(III) was
observed.

5.4.5 Substrate utilization and physiological characteristics
Strain COOI3BT was a facultative anaerobe. It grew anaerobically on yeast extract,
glucose, sucrose, fructose maltose, xylose, starch glycerol, ethanol and lactate but
not on acetate, cellobiose, butyrate or succinate with or without nitrate as an
electron acceptor. Growth was much better in the presence of nitrate than in its
absence. Fe(III), Mn(IV), fumarate and nitrite also served as electron acceptors but
not thiosulfate, glycine or sulfite. Tryptophan deaminase, H2S, arginine dihydrolase,
lysine

decaboxilase,

β-galactosidase,

arabinosidase,

glucuronidase,

glucosaminidase, nitroanilidase, xylosidase and ornithine decarboxylase were not
produced but glucosidase was detected. Starch and gelatin but not casein was
hydrolysed. Esculin and catalase but not oxidase and urease were produced. Acid
was not detected from arabinose, manose, sucrose, melibiose, rhamnose, sorbitol,
adonitol, galactose or inositol.

5.4.6 Antibiotic susceptibility
The strain was inhibited completely by 10 µg/ml penicillin, vancomycin, ampicillin,
chloramphenicol,

tetracycline

or

neomycin

and

50

µg/ml

spectinomycin

or

streptomycin.
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5.4.7 Mol% G+C content and 16S rRNA sequence analysis
The G+C content of strain COOI3BT was determined to be 43±1 mol%. 1493
nucleotides of the 16S rRNA gene for strain COOI3BT between positions 15 to 1542
of the E. coli numbering (Winker & Woese, 1991) were determined. The GenBank
accession number for the 16S rDNA sequence of strain COOI3BT is AY007244.
Phylogenetic analysis revealed that strain COOI3BT was a member of the family
Bacillaceae, with the closest relatives being the uncharacterised isolate SB45
(similarity value of 97%) (Hengstmann et al., 1999; Chin et al., 1999), isolate YJK
11 (similarity value of 99%) and a hydrocarbon seep clone (similarity value of
98%) (Figure 5.5). The closest taxonomically validated relatives were B. infernus
and B. firmus (average similarity value of 96%).

Hydrocarbon seep bacterium (clone BPC094)
Bacillus species (strain SB45)
Bacillus subterraneus (strain COOIB3T)
Bacillus (strain YKJ-11)
Bacillus firmus (NCIMB 9366T)
Bacillus infernus (SMCC/W 478T)
Bacillus methanolicus (NCIMB 13114T)

T

Bacillus lentus (JCM 2511 )

Bacillus thermoalkalophilus
(DSM 6866)

Bacillus benzoevorans (strain YEO5)
Bacillus circulans (IAM 12462T)
Bacillus species (strain IDA629)
Bacillus niacini
Bacillus pseudomegaterium (ATCC 49866)
Bacillus macroides (NCDO 1661)
Bacillus simplex (DSM 1321T)
Bacillus flexus
Bacillus megaterium (IAM 13418T)
Bacillus cohnii (strain ML-A10)

0.02

Figure 5.5: Dendrogram showing the position of the strain COOI3BT within
the radiation of its close relatives of the genus Bacillus.
The dendrogram was constructed from 1234 non-ambiguous nucleotides. Strain
designations are in brackets. The bar indicates 2 nucleotide substitutions per 100
bases.
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5.5 Discussion
The isolation of strain COOI3BT from source water emitted from the Cooinda bore
extends known habitats of the DIRB to include the deep sub-surface aquifers of the
Great Artesian Basin of Australia. Though strain COOI3BT is a mesophilic rodshaped non-spore forming bacterium and was isolated from a habitat whose
temperature was 72oC it is not surprising as the GAB environment is regarded as
very heterogeneous where underground stream-like flowing waters exist. It is likely
that there are cold spots within the environment where such microbes thrive and
are being transported to the surface. The presence of iron and manganese in sub
surface environments indicates that there may be a widespread distribution of ironand

manganese-reducing

bacteria

in

both

shallow

and

deep

sub-surface

environments. Iron reduction is increasingly being recognised as a common trait
among a wide diversity of prokaryotes. Phylogenetically diverse mesophilic and
thermophilic Eubacteria and even hyperthermophilic Archaea are able to reduce
iron (Vargas et al., 1998; Slobodkin et al., 1999). Strain COOI3BT is capable of
growth on a range of carbon compounds with or without electron acceptors. This is
not uncommon with numerous iron- and manganese-reducing bacteria capable of
using both fermentative and respiratory mechanisms for growth.
Phylogenetically strain COOI3BT is a member of the family Bacillaceae with the
validated taxons B. firmus and B. infernus being the closest relatives. Both strain
COOI3BT and B. firmus are motile by peritrichous flagella and have a similar mol%
G+C content of the DNA (43 and 41 respectively). But B. firmus is a strictly aerobic
spore-former and does not reduce iron or manganese (Boone et al., 1995). Both
strains COOI3BT and B. infernus reduce iron and manganese and neither form
spores. However COOI3BT is a facultative anaerobe which grows optimally between
37oC to 40oC. Its cells are motile by peritrichous flagella and are heat sensitive.
These characteristics thereby differentiate it from B. infernus which is strictly
anaerobic with optimal growth temperature of 60oC. B. infernus cells are non motile
and are heat resistant. Based on the phylogeny and phenotypic traits summarised
in the Table 5.2, strain COOI3BT had been assigned a new species of the genus
Bacillus, Bacillus subterraneus sp. nov.
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Table 5.2: Characteristics differentiating strain COOI3BT from its nearest
relatives.
Cells of all three taxa are rods and show a Gram-positive cell wall type. +, positive
result; -, negative result; ND, not determined; NI, no information. Data were taken
from this study (strain COOI3BT), Boone et al., 1995 (B. infernus) and Claus &
Berkeley, 1986 (B. firmus). *NaCl concentration above 7% not tested.
Characteristic

Strain COOI3BT

B. infernus

B. firmus

Cell size (µm)

0.5-0.8 x 2-25

0.7-0.8 x 4-8

0.6-0.9 x 1.2-4

Gram reaction

Negative

Variable

Positive

Spore formation

Not observed

Not observed

Present

Motility

Motile

Non-motile

Variable

Flagella

Peritrichous

None

ND

O2 requirement

Facultative anaerobe

Strict anaerobe

Strict anaerobe

Temperature growth

Room temperature

45-60

ND

range (°C)

to 45

pH growth range

7-9

7-8

ND

NaCl growth range (%)

0-9

0-12.27

0-7*

Catalase activity

+

ND

+

Oxidase activity

-

ND

ND

Urease activity

-

ND

-

Indole production

-

ND

-

Starch

+

-

+

Gelatin

+

-

+

Casein

-

-

+

Aesculin

+

ND

ND

Fe(III)

+

+

NI

Mn(IV)

+

+

NI

Nitrate

+

+(nitrite)

+(nitrite)

G+C content (mol%)

43±1

ND

41.4

Hydrolysis of:

Reduction of
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Description of Bacillus subterraneus sp. nov.
Bacillus

subterraneus

(sub.ter.rá.ne.us

L.

adj.

subterraneus,

underground,

subterranean) is a non-sporeforming facultatively anaerobic slightly curved rodshaped bacterium (0.5-0.8 by 2-25 µm) which stains Gram-negative but has a
Gram-positive type cell wall. Strain COOI3BT is motile by peritrichous flagella. The
strain utilises amorphous iron (III), manganese (IV), nitrate, nitrite and fumarate
as electron acceptors in the presence of yeast extract, glucose, sucrose, fructose
maltose, xylose, starch glycerol, ethanol or lactate. Electron acceptors are not
obligately required for growth and growth is better in the presence of nitrate. Yeast
extract at 0.02% (w/v) is required for growth and is used as a sole carbon and
energy source at concentrations higher than 0.1%. It grows optimally at 37-40°C
and pH 7.0 to 9.0 with 5% (w/v) NaCl. The DNA base composition is 43 ± 1 mol%
G+C and is a member of the family Bacillaceae with B. infernus and B. firmus the
closest phylogenetic neighbours. The habitat is the deep subterranean thermal
waters of the Great Artesian Basin of Australia. The type strain of Bacillus
subterráneus is COOI3BT (=ATCC BAA 136T = DSM 13966T). The GenBank
accession number for the 16S rDNA sequence of Bacillus subterraneus COOI3BT is
AY007244.
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FINAL CONCLUSIONS AND FUTURE DIRECTIONS
The GAB is an important and unique source of water essential to the livelihood of
the people in inland Australia. The quality of the GAB water is of national interest.
In addition to the mineral content of the water, its chemical and biological contents
are also very important aspects of the water’s quality.
The study of the bacterial communities inhabiting the water in five bores of the GAB
has revealed that the bacterial species constituting these communities are
phylogenetically related to members of five phyla, Aquificae, Deinococcus-Thermus,
Nitrospirae, Firmicutes and the Proteobacteria of the domain Eubacteria. The
majority of these bacteria are related to members of the β-proteobacteria and the

α-proteobacteria classes of the Proteobacteria. Among members of these bacterial
communities

there

exist

many

species

that

show

very

low

phylogenetic

relationships with all the described species, indicating the novelty and uniqueness
of such members. Other species previously detected in similar habitats such as
thermally heated environments and deep sub-surface soil cores were also detected
in these communities. Some of the species detected are phylogenetically related to
species known to utilise toxic chemicals and pollutants such as chlorobenzene,
ethylbenzene, aromatic hydrocarbons, arsenite and heavy metals. This finding
raises the possibility of contamination of the GAB water by such chemicals.
Therefore there is a need for regular water quality examinations, especially where
the water is used for human and domestic animal consumption. The detection of
bacteria which are related to species capable of utilising toxic chemicals and
pollutants suggests the possibility that the GAB environment and its microbial
populations may have the ability to break down these types of toxic compounds.
This observation therefore indicates a large potential for certain aquifers of the GAB
to be used in the natural bioremediation of contaminated wastewater.
Under the atmospheric conditions tested, water samples brought up from the
Fairlea and the Rockvale bores have corrosive effects on all four types of metal
commonly used in bore casings. In comparison, water samples from the Cooinda
and Acacia Downs 1650 bores showed minimal corrosive effects on all four types of
metals tested under similar conditions. Examination and analysis of bacterial
communities residing in these bores strongly suggests the involvement of a
Desulfotomacum-like species represented in this study by clone PKA34B with the
observed corrosion of metal coupons incubated in Fairlea bore water. The presence
of bacterial strains represented by clone COO5, related to an iron-utilising
Leptothrix species, appears to have minimal effects on the metal coupons incubated
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in the Cooinda bore water. These observations indicate a minimal involvement of
this species, if any, with the corrosion of metals.
The identification, detection and comparative quantification by 16S rRNA genetargeted PCR probing was successfully developed for the Desulfotomaculum-like
species and the Leptothrix-like species represented by clones PKA34B and PKA23B
respectively. This fast, sensitive and reproducible method of probing has been
demonstrated to permit the detection, identification and at the least a comparative
quantification of these two strains in the environmental samples examined. PCR
probing specifically with the PKA34B probe can potentially be used to screen for
bores with expected high risks of corrosion due to this Desulfotomaculum-like
species. The information gained from these experiments would be useful as a guide
for any project regarding the construction and maintenance of bores tapping the
GAB water.
The majority of the fifteen strains isolated from the Fairlea bore and the Cooinda
bore during this study are very likely to be novel. Initial studies on these strains
have indicated low similarities between their 16S rRNA gene sequences and the
collected sequences of the RDP database. Three of these isolates have been
described in detail in this project. The high number of novel bacteria isolated from
the GAB water indicates the extensively unknown of the bacterial communities
existing in the GAB aquifers. Therefore a great deal more research needs to be
undertaken in all related fields of microbiology in order to shine some light upon the
understanding of the microbial ecology of the GAB aquifers.
Immediate future works that could be carried out further from this project include
the confirmation of the existence and domination of the species represented by the
dominating clones such as the PKA34 clone in the actual environments, the study of
their distribution in the GAB bores and their isolation followed by the detailed
studies of the species once it has been isolated. Detailed studies could be done on
the rest of the isolates already obtained, especially those that showed a high
possibility of novelty (as indicated by the 16S rRNA gene analysis) so as to build up
more information in terms of bacterial population of the GAB.
In addition to PCR probing, the FISH technique could be used to further verify the
existence of the species in the actual environment and their domination in the
communities. FISH is a good technique for such an application because it has a high
specificity, which would allow an accurate identification and enumeration of the
species as a result. Using the probes designed and the protocol optimised here, the
two techniques could be used to survey the existence and distribution of the
149

species in the GAB bores. The enrichment and the isolation of the species
represented by the PKA34 clone should be further attempted. Detailed studies of
this isolate would help toward gaining some insights into the activity of this strain in
the environment. For example, whether or not the strain has the capability to utilise
metals would be a very useful item of information. Similar studies could be done
with other clones and species of interest, especially the dominating clone in each
community. The more complete the knowledge on the ecology of the GAB, the
better chance we will be able to apply this knowledge to best manage the precious
resources of the GAB to their maximum capacity for generations to come.
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APPENDIX 1:16S RRNA GENE SEQUENCES OF CLONES
AND BACTERIAL ISOLATES FROM THE GAB.
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AGAGTTTGATCCTGGCTCAGAGTGAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACGGCAGCACAG
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCGCCCCGCAAG
AGAGTTTGATCCTGGCTCAgAGCGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAACGCATCCTTCG
AATTCGATTAAGGAGGTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTATGGTTGTAAAGCACTTTA
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGTAACAGGT
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGGACGGAGTTAGCA
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCATGA
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGAATGCTTTACACATGCAGGTCGAACGGCAGCACGG
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAACGAGTACCTTC
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGAATGCTTTACACATGCAAGTCGAGCGGCAGCGCGG
TTAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGAATGCTTTACACATGCAAGTCGAGCGGCAGCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGAATGCTTTACACATGCAAGTCGAGCGGCAGCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCATCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCACGG
AGAGTTTGATCCTGGCTCAGAGCGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGCGGACCAGAAA
AGAGTTTGATCCTGGCTCAGGGTGAACGCTGGCGGCGTGCCTAAGACATGCAAGTCGAGCGGGGCAGGTT
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGAATGCTTTACACATGCAAGTCGAGCGGCAGCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGAATGCTTTACACATGCAAGTCGGGCGGCAGCGCGG
AGAGTTTGATCCTGGCTCAgAACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGGGTTATTT
ATTGAGTTTGATCCTGGCTCAGATTGAACGCTGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCACG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGcGGCGTGCTTAACACATGCAAGTCGAACGGGGGTCGCA
AGAGTTTGATCCTGGCTCAGATTGaaCGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGGACGGAGTTAGCA
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTGATCCTGGCTCAGAACGAACGCTGGCGGCATGCCTAACACATGCAAGTCGTACGAAGGCTTCGG
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAGATTAGA
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAGATTAGA
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCGCGG
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGCAGCACGG
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGGAGATTAGA
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGAGATTAGAA
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGTGCGGgAGCAGAG
AGAGTTTGATCCTGGCTCAGCGCGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGTGCGGGGGTGCCT
AAGGAGGTGATCCAGCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCGCTTTTGTCAGGgAA
AGAGTTTGATCCTGGCTCAGGGTGAACGCTGGCGGCGTGCCTAAGACATGCAAGTCGAGCGGGGCAGGTT
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGTAACAGGC
----AAATATCCTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAACGCCCCGGTAA
---------TCCTGGCTCAGGACgAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAACCACTTC
-------------------------------------------ATACATGCAAGTCGAGCGGCCCTTCGG
--------ATCCTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAACGGGCCCTTCG
GCGGCATGCCTAACACATGCAAGTCGAACGAGATCTTCGGATCTAGTGGCGCACGGGTGCGTAACGCGTG
TATCCTGGCTCAGGGTGAACGCTGGCGGTATGCCTAAGACATGCAAGTCGCACGGACTGTTTCGGCAGTT
AAAAAGTGATCCTGGCTCAGAGCGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGTGCGCCCCGCAAG
AGNGGTTATCCAGCCGCCCTTCCGATACGGcTACCTTGTTGCcACGACTTCAcCCCAATCATCTGTCCCA
GCCTAATACATGCAAGTCGAGCGGACTTGATTAGAGCTTGCTCTGATCAAGTTAGCGGCGGACGGGTGAG
ATCCAGCCGCACCTTCCGGTACAGTTACCTTGTTACGACTTAGCCCCAGTCATGAGCCTTACCCTAGGCG
TTAGACTAGCTACTTCTGGAGCAACCCACTCCCATGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACG
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TAAGAGCTTGCTCTTATGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCGGAATCTACTTTTTCGTGG
GGGAGCGGCGCACGGGAGAGTAACACGTGGGAACCTACCTTTTAGTTTGGAACAACACCGGGAAACTGGT
GGATGAGTGGCAGACGGGTGAGTAACACGTGGGAACGTGCCCTCCGGTCTGGGATAACCCTGGGAAACTA
AGCGAGGAGGAGGCTCTTTTGGTTAATACCCAGAATGAGTGGACGTTACTCGCAGAATAAGCACCGGCTA
CTTCGGGTGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTCGTGGGGGATAACTG
CTTCGGGTGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTCGTGGGGGATAACTG
CTTCGGACGCTGACGAGTGGCGAACGGGTGAGTAATACATCGGAACGTGCCCAGTCGTGGGGGATAACTA
GGGAGCATAGAGCGTAGAGCATTGGGCAAAGCAGAGAGCAGATAGCTAAGAGCAAAGAGGAGCATACTTA
TCTAGCTTGCTAGATTGATGGCGAGTGGCGAACGGGTGAGTAATACATCGGAGCGTGCCCTGTAGTGGGG
GGGCAACCCTGGTGgCGAGTGGCGAACGGGTGAGTAATACATCGGAACGTGCCCGGTCGTGGGGGATAAC
GGGTGCTAGTGGCGCACGGGTGAGTAACGCGTGGGAACCTGCCTTTCGGTACGGGATAACGTTTGGAAAC
CCTTCGGGCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAACATGCCCAGTCGTGGGGGATAAC
CCTTCGGGCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAACATGCCCAGTCGTGGGGGATAAC
CCTTCGGGCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAACATGCCCAGTCGTGGGGGATAAC
GAAAGCTTGCTTTCCTGGCGGCGAGTGGCGAACGGGTGAGTAACACATCGGAACGTACCGGCTAGTGGGG
GGGCAACCCTGGTGGGGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTCGTGGGGGATAAC
TGGAGGTAACTTTATTTCTGGTTAGCGGCGAACGGGTGAGTAACACGTGGGTAACCTGCCCTCAGGAGGA
TATACCTGTTCAGCGGCGGACGGGTGAGTAACGCGTGGGTGACCTACCCGGAAGAGGCGGACAACCTGGG
CCTTCGGGCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAACATGCCCAGTCGTGGGGGATAGC
GGGCAACCCTGGCGGCGAGCGGCGAACGGGTGAGTAATACACCGGAACGTACCCAGTCGTGAGGGATAGC
CTTGTAGCAATACAGGGGATAACTTAGTGGCGGACGGGTGAGTAACACGTAGTTAACCTACCCTAAAGAG
GGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTCGTGGGGGATAA
CTTTTGGGGTGCTGACGAGTGGCGAACGGGTgAGTAATGCATCGGAACGTACCTGGGAGTGGGGGATAAC
TGgAAGCTTGCGAAATGCGGCCTTAGTGGCGGACGGGTGAgTAACGCGTGgATAACCTGCCCATGAGACC
CTTTTGGGGGGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTACCTGGGAGTGGGGGATAAC
GGGAGCATAGAGCGTAGAGCATTGGGCAAAGCAGAGAGCAGATAGCTAAGAGCAAAGAGGAGCATACTTA
CTTCGGGTGCTGACGAGTGGCGAACGGGTGGGTAATGCATCGGAACGTGCCCGGTCGTGGGGGATAACGC
CCTTAGTGGCGCACGGGTGCGTAACGCGTGGGAATCTGCCCTTGGGTTCGGAATAACAGTTAGAAATGAC
AGGAAGCTTGCGAATTCTAAACTTAGTGGCGCACGGGTGAGTAACGCGTGGATAACCTGCCTGGTAGACC
AGGAAGCTTGCGAATTCTAAACTTAGTGGCGCACGGGTGAGTAACGCGTGGATAACCTGCCTGGTAGACC
GCTTCGGCCTGGCGGCGAGTGGCGAACGGGTGAGTAATACATCGGAACGTGCCCTGTTGTGGGGGATAAC
GCTTCGGCCTGGCGGCGAGTGGCGAACGGGTGAGTAACATATCGGAACGTGCCCTGGAGTGGGGGATAAC
GCTTCGGCCTGGCGGCGAGTGGCGAACGGGTGAGTAACATATCGGAACGTGCCCTGGAGTGGGGGATAAC
GCTTCGGCCTGGCGGCGAGTGGCGAACGGGTGAGTAACATATCGGAACGTGCCCTGGAGTGGGGGATAAC
GAGCAATCCTGGTGGCGAGTGGCGAACGGGTGAGTAACGCATCGGAACGTGCCCAGTCGTGGGGGATAGC
AGGAAGCTTGCGAATTCTAAACTTAGTGGCGCACGGGTGAGTAACGCGTGGATAACCTGCCTGGTAAACC
GGAAGCTTGCGAATTCTAAACTTAGTGGCGCACGGGTGAGTAACGCGTGGATAACCTGCCTGGTAGACCG
GTCAGAGTTTTCTGACCTCTGCTCCAGCGGCGGACGGGTGAGTAACGCGTGGATAACCTACCCGTAAGAC
TCGGGCACCCCAGCGGCAAACGGGTGAGTAACACGTGAGTAACCTGCCCTCAGGAAGGGGATAACCCGGG
GAAAAGCTCTGGGCTAATACCTCGGAGTGATGACGGTACCTGAAGAATAAGCACCGGCTAACTACGTGCC
TATACCTGTTCAGCGGCGGACGGGTGAGTAACGCGTGGGTGACCTAGCCGGAAGAGGCGGACAACCTGGG
CTTCGGGTGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCGGTCGTGGGGGATAACGC
CTTCGGGTGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTCGTGGGGGATAACTG
CTTCGGGTGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCGGTCGTGGGGGATAACGC
CTTCGGGTGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTCGTGGAGGATAACTG
CTTCGGGTGCTGACGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGAGGTGGGGGATAACGC
CGGGGAGTGGCAGACGGGTGAGTAACACGTGGGAACATACCCTTTGGTGCGGAACAACAGCTGGAAACGG
GGTGGTTAGCGGCGGACGGGTGAGTAACACGTGGGCAACCTGCCTGTAAGACTGGGATAACACCGGGAAA
GGCAGCGGCGGACGGGTGAGTAACGCGTGGGAACGTGCCCTTTGGTACGGgATAACTGAGGGAAACTTCA
GGGTCAGTGGCAGACGGGTGAGTAACACGTGGGAACGTGCCCTTCAGTTCGGAATAACCCAGGGAAACTT
GGAATCTGCCTTGGGGTTCGGAATAACTCCCCgAAAGGGGTGCTAATACCGGATGATGTCTTCGGACCAA
AGTGGCGGACGGGTGAGTAACACGTAGGTGACCTACCCCAAAGTCTGGGACAACTAGGAGAAATCTTAGC
GGGAGCGGCGGACGGGTGAGTAACGCGTGGGAATGTGTCCTCGGGTGGGGGATAACCCTGGGAAACTAGG
CCTTAGGCGGcTGGCTCCAAAAGGTTACCCCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGGG
TAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATAATCCG
CCTGCCTGCGGCTCCCGGCGACTTCAGGCAAAACCCACTCCCATGGCTTGACGGGCGGTGTGTACAAGGC
TATTCACCGCAGCAATGCTGATCTGCGATTACTAGCGATTCCGACTTCACGGAGTCGAGTTGCAGACTCC
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GGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTACGGGTGAAAGCAGGGGATCTTCGGACC
GCTAATACCGAATACGCCCGAGAGGGGAAAGATTTATCGCTAAAAGATGGGCCCGCGTTGGATTAGCTAG
GGGCTAATACCGGATACGTGCTTTGGCAGAAAGGTTTACTGCCGGAGGATCAGCCCGCGTCTGATTAGCT
ACTCTGTGCCAGCAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGATTTACTGGGCGTAAAGCGCG
CTCGAAAGAGCAGCTAATACCGCATACGATCTGTGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGATT
CTCGAAAGAGCAGCTAATACCGCATACGATCTGTGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGATT
CTCGAAAGAGTAGCTAATACCGCATACGATCTGAGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGATT
TATCTTAATGATTTATGCTAAAAGCTCTGAGCTAAAGGCTCTAGGCTCTGTGCTATATGCTCTTTGCTAA
GGTAACTAGTCGAAAGATTAGCTAATACCGCATACGACCTGAGGGTGAAAGTGGGGGACCGCAAGGCCTC
GTAGCGAAAGTTACGCTAATACCGCATACGGTCTGAGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGA
GAACGCTAATACCGTATATGTCTTTGGATGAAAGATTTATCGCCGgAAGAGGGGCCCGCGTCTGATTAGG
ACTTCGAAAGAAGTGCTAATACCGCATACGTCCTGAGGGGGAAAGCGGGGGATCGCAAGACCTCGCGCGA
ACTTCGAAAGAAGTGCTAATACCGCATACGTCCTGAGGGGGAAAGCGGGGGATCGCAAGACCTCGCGCGA
ACTTCGAAAGAAGTGCTAATACCGCATACGTCCTGAGGGGGAAAGCGGGGGATCGCAAGACCTCGCGCGA
GATAACCCGTCGAAAGACGGGCTAATACCGCATACGCTCTTAGGAGGAAAGCAGGGGACCTTTGGGCCTT
GTAGCGAAAGCTACGCAAATACCGCATACGATCTATGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGA
GGATAACTCGGGGAAACCTGAGCTAATACTCCATAAGACCACGAGCTGAAATGCTTGTGGTAAAAGAAGC
GAAACCCAGGCTAATCCGCCATGTGGTCCTGTCCAGTGGGGTAGGACTAAAGGGTGGATGGCCCGCTTCC
ACTTCGAAAGAAGTGCTAATACCGCATACGTCCTGAGGGGGAAAGCGGGGGATCGCAAGACCTCGCGCGA
CCGGCGAAAGCCGGATTAATACCGCATACGCCCTGAGGGGGAAAGCGGGGGACCGGAAACGGCCTCGCGC
GGGGACAACCCAgGGAAACTTGGGCTAATACCGCATAAGACCACGAACTGGGATGTTAGTGGTAAAAGTA
CGTAGCGAAAGCTACGCTAATACCGCATACGATCTATGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCG
CTATCGAAAGGTAGGCTAATACCGCATATTCTCTGAGgAGGAAAGTGGGGGACCTTTGGgCCTCACGCTT
GGGATAACgCCGGGAAACTGGTGCTAATACCGGATAAGTTCTTTGGgCCGCATGGCCTGAAGAAGATAGG
CTATCGAAAGGTAGGCTAATACCGCATATTCTCTGAGGAGGAAAGTGGGGGACCTTTGGGCCTCACGCTT
TATCTTAATGATTTATGCTAAAAGCTCTGAGCTAAAGGCTCTAGGCTCTGTGCTATATGCTCTTTGCTAA
AGCGAAAGCTGTGCTAATACCGCATACGATCTGAGGATGAAAGCAGGGGACCTTCGGGCCTCGCGCGATC
TGCTAATACCGGATGATGTCCCCTTTAGAGATATTGGGGACCAAAGATTTATCGCCCAGGGATGAGCCCG
GGGATAACGGCTGGAAACGGCTGCTAATACCGGATACGCTTAAGGGAACGCATGTTCTTTTAAGGAAAGC
GGGATAACAGCTGGAAACGGCTGCTAATACCGGATACGCTTAAGGGAACGCATGTTCTTTTAAGGAAAGC
TAGTCGAAAGATTAGCTAATACCGCATACGACCTGAGGGTGAAAGCGGGGGACCGCAAGGCCTCGCGCAA
TAGTCGAAAGACTAGCTAATACCGCATACGATCTATGGATGAAAGCGGGGGATCGCAAGACCTCGTGCTC
TAGTCGAAAGACTAGCTAATACCGCATACGATCTATGGATGAAAGCGGGGGATCGCAAGACCTCGTGCTC
TAGTCGAAAGACTAGCTAATACCGCATACGATCTATGGATGAAAGCGGGGGATCGCAAGACCTCGTGCTC
CCGGCGAAAGCCGGATTAATACCGCATACGACCTGCGGGTGAAAGCGGGGGACCTTTCGGGGCCTCGCGC
GGGATAACAGCTGGAAACGGCTGCTAATACCGGATACGCTTAAGGGAACGCATGTTCTTTTAAGGAAAGC
GGATAACAGCTGGAAACGGTTGCTAATACCGGATACGCTTAAGGGAACGCATGTTCTTTTAAGGAAAGCA
CGGGATAACACCGGGAAACTGGTGCTAATACCGGATACGCTCCCTGGGGGGCATCCTCTGGGGAGGAAAG
GAAACTCGGGCTAATACCCTATAATGTCAGTTACCACTAAGGTGGCTGACCAAAGGTGGCCTCTGCTTTG
AGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGT
GAAACCCAGGCTAATCCGCCATGTGGTCCTGTCCTGTGGGGTAGGACTAAAGGGTGAATAGCCCGCTTCC
AGCGAAAGCTGTGCTAATACCGCATACGATCTGAGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGGTC
CTCGAAAGAGCAGCTAATACCGCATACGATCTGTGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGATT
AGCGAAAGCTGTGCTAATACCGCATACGATCTGAGGATGAAAGCGGGGGACCTTCGGGCCTCGCGCGGTC
CTCGAAAGAGCAGCTAATACCGCATACGATCTGTGGATGAAAGCGGGGGACCTTCGGGCCTCACGCGATT
AGCGAAAGCTGTGCTAATACCGCATGTGATCTGAGGATGAAAGCGGGGGACCAAGCAGCAATGTTTGGCC
CTGCTAATACCGCATGCGCCCTACGGGGGAAAGATTTATCGCCGAAGGATTGGCCCGCGTCTGATTAGCT
CCGGTGCTAATACCGGATAATCCTTTTCCTCACATGAGGgAAAGCTGAAAGTCGGTTTCGGCTGACACTT
GCTAATACCGTATGTGCCCTACGGGGGAAAGATTTATCGCCATTGGAGCGGCCCGCGTTGGATTAGGTAG
GGGCTAATACCGGATACGCCCTTTTGGGGAAAGATTTATCGCTGAAGGATCGGCCCGCGTCTGATTAGCT
AGATTTATCGCCCTGAGATGAGCCCGCGTAGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGAC
TAATCCTGGATGTGAACCTCAGCTGTGGCTGATGTTTAAAGCTTCGGCGCTTTGGGATGGGCCTGCGGCG
GCTAATACCGCATGATGTCTGCGGACCAAAGCCGCAAGGCGCCCGAGGAGCAGCCCGCGTCCGATTAGCT
CGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCGGCTT
TTTCACCGCATGGTGAAACGTTGAAAGATGGCTTCGGCTATCACTTACAGATGGACCCGCGGCGCATTAG
CCGGGAACGTATTCACCGCGGCATGGCTGATCCGCGATTACTAGCGATTCCAGCTTCATGGGGTCGAGTT
GATCCGGACTGAGATGGGGTTTCTGGGATTGGCTCACCGTCGCCGGCTCGCAGCCCTCTGTCCCCACCAT
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TTGCGCGATTGAATGAGCCGATGTCGGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCC
TTGGTGAGGTAAAGGCTCACCAAGGCGACGATCCATAGCTGGTCTGAGAGGATGATCAGCCTCATTGGGA
AGTTGGTGGGGTAACGGCCTACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
CGTAGGCGGCCAATTAAGTCAAATGTGAAATCCCCGAGCTTAACTTGGGAATTGCATTCGATACTGGTTG
GGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGTAGCTGGTC
GGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGTAGCTGGTC
GGAGCGGCCGATGGCAGATTAGGTAGTTGGTGGGATAAAAGCTTACCAAGCCGACGATCTGTAGCTGGTC
CTTAGTGGCGGACGGGTGAGTAACACGTAGGTAACCTACCCTATGGAGGGGGGCAACTCAGGGAAACTTG
ATGCTATAGGAGCGGCCGATGTCTGATTAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCAGT
TCGGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGTAGCTGG
TAGTTGGTGAGGTAATGGCTCACCAAGCCTTCGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTG
TTGGAGTGGCCGATGTCAGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCTGG
TTGGAGTGGCCGATGTCAGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCTGG
TTGGAGTGGCCGATGTCAGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCTGG
GCGCTAGCCGAGCGGCCGATGTCCGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCGGT
TTGGGGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGTAGCTGG
AATTCACCTGAGGATGGGCCCGCGGCCTATCAGGTAGTTGGTAGGGTAATGGCCTACCAAGCCTATGACG
GGATGGGCCCGCGTCCCATCAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGACGGGTAGCCGGTC
TTGGAGTGGCCGATGTCAGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCTGG
GATTGGAGCGGCCGATGGCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAGCT
gCGATACGCTTTAGGATGGGACTGCgGCCTATCAGGTAGTTGGTAGGGTAAAGGCCTACCAAGCCTAAGA
ATAGGAGCGGCCGATGTCTGATTAGGTAGTTGGTGGGGTAAAGGCCTACAAAGCCGACGATCTGTAGCTG
CTGGAGCGGCCGATGTCCGATTAGCTGGTTGGTGGGGTAATGGCCCACCAAGGCGACGATCGGTAGCTGG
GAGACCGCTCATGGATGGATCCGCATCCCATTAGCTTGTTGGTGAGGTAACGGCTCACCAAGGCGACGAA
CTGGAGCGGCCGCTGTCCGATTAGCTGGTTGGTGGGGTAATGGCCCACCAAGGCGACGATCGGTAGCTGT
CTTAGTGGCGGACGGGTGAGTAACACGTAGGTAACCTACCCTATGGAGGGGGGCAACTCAGGGAAACTTG
GGAGCGGCCGATGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTC
CGTAGGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCCTTAGCTGGTCTGAGAGGATGA
AATCGTGCTATCAGATGGATCCGCGTCCCATTAGCTAGTTGGTGGTGTAAGGGACCACCAAGGCGACGAT
AATCGTGCTATCAGATGGATCCGCGTCCCATTAGCTAGTTGGTGGTGTAAGGGACCACCAAGGCGACGAT
CAGGAGCGGCCGATGTCTGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCAGTAGCTGG
CTGGAGCGGCCGATATCTGATTAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCAGTAGCTGG
CTGGAGCGGCCGATATCTGATTAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCAGTAGCTGG
CTGGAGCGGCCGATATCTGATTAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCAGTAGCTGG
GATTGGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGTAGCT
AATCGTGCTATCAGATGAATCCGCGTCCCATTAGCTAGTTGGTGGTGTAAGGGACCACCAAGGCGACGAT
ATCGTGCTATCAGATGGATCCGCGTCCCATTAGCTAGTTGGTGGTGTAAGGGACCACCAAGGCGACGATG
GGGGCCTCTGACGCAAGCTCCTGCTTACGGATGGGTCCGCGTCCCATTAGCTTGTTGGTGGGGTAACGGC
CATGCTACCGCCTGAGGAGGGGCTCGCGGCCCATCAGGTAGTTGGTGGGGTAACGGCCTACCAAGCCTAT
TGTGCAAGACAGATGTGAAATCCCCGGGCTTAACCTGGGAACTGCATTTGTGACTGCACGGCTGGAGTGC
GGATGGGCCCGCGTCCCATCAGCTAGTTGGTGGGGTAAAGGCCCACCAAGGCGACGACGGGTAGCCGGTC
GGAGCGGCCGATGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAGCTGGTC
GGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGTAGCTGGTC
GGAGCGGCCGATGTCGGATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCGTAGCTGGTC
GGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCTGTAGCTGGTC
TCGCGCCTCTGGAGCGGCCGATGTCAGATTAGGTAGTTGGTGGGGTAAAGGCCTACCAAGCCGACGATCT
AGTTGGTGAGGTAATGGCTCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
ACAgATGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAgGCGACGATGCGTAGCCGA
TTGGTGAGGTAAAGGCTCACCAAGCCTACGATCCATAGCTGGTCTGAGAGGATGATCAGCCACACTGGGA
AGTTGGTGGGGTAAAGGCTCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
GATCCTTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAG
CATCAGGTAGTTGGTGGGGTAACGGCCCACCAAGCCGACGACGCGTAGCTGGTCTGAGAGGACGACCAGC
AGTTGGTGGGGTAATGGCCTACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
CATGCAGGCGAGTTGCAGCCTGCAATCCGAACTGAGAATGGTTTTATGGGATTGGCTCGACCTCGCGGCT
CTAGTTGGTGGGGTAATGGCCCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACT
GCAGACCCCAATCCGAACTGAGCCTGCTTTTATGCGATTGGCTTCCCGTTGCCGGGTCGCAGCGCTTTGT
TGTAGTACGTGTGTAGCCCTGGCCGTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGGTTT
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GTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGC
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGGGCAACCCTGATC
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGAGGGGAATATTGGACAATGGGCGCAAGCCTGA
GCTAGAGTGTGGGAGAGGATGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATAC
TGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TGAGAGGACGACCAGCCGCACTGGGACTGAGACACGGCCCAgACTCCTACGGGAGGCAGCAGTGGGGAAT
GGCTAATACCCCATAAGACCACGGGTTGAGACACTTGTGGTAAAAGGTAGCGATATGCCATAGGATGGGC
AGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTG
TCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
TCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
TCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
AGCGGGTCTGGGAGGACGATCCGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
GGTAGCCGAGCTGAGAGGCTGGCCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
TGAGAGGATGGCCGGCCACAGGGGCACTGAGACACGGGCCCCACTCCTACGGGAGGCAGCAGTTAGGAAT
TCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
GGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCTGTGGG
CGGGTGGCCGGACTGAGAGGTCGAACGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGC
GTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGG
TCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
GGGTAGCCGGCCTGAGAGGGTGGCCGgCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCA
CTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
GGCTAATACCCCATAAGACCACGGGTTGAGACACTTGTGGTAAAAGGTAGTGATATGCCATAGGATGGGC
TGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAC
TCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATG
GGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCA
GGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCA
TCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
TCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
TCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
TCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
GGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGG
GGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCA
GGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CTACCAAGGCGACGATGGGTAGCCGGCCTGAGAGGGTGGTCGGCCACACTGGGACTGAGACACGGCCCAG
GACGGGTAGCCGGCCTGAGAGGGTGTCCGGCCACAGTGGGACTGAGACACGGCCCACACCCCTACGGGGG
GGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACACCGATGGCGAA
TGAGAGGATGGCCGGCCACAGGGGCACTGAGACACGGGCCCCACTCCTACGGGAGGCAGCAGTTAGGAAT
TGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
GTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGA
CCTGAGAGGGTGATCGGCCACACTGGgACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGgCAGCAGTAGGGAATCTTGCGCAATGGGCGAAAGCCTGACG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGA
GCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGAGTGATGAAGGCCT
CACAGGGGTACTGAGACACGGACCCCACTCCTACGGGAGGCAGCAGTTAGGAATCTTCCGCAATGGGCGA
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGCCGAAAGCCTGA
TCGCGACCCTTTGTTCCATCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACG
GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCT
GGCAGGCATTGTAGCACGTGTGTCGCCCAGGTCGTAAGGGCCATGCGGATCAGACGTCATCCCCGCCTTC
GTCACCGGCAGTCTCCTTAGAGTTCCCGCCATTACTCGCTGGCAACTAAGGACAAGGGTTGCGCTCGTTG
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AGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAGGAAGGCCTTCGGG
CAGCCATGCCGCGTGGATGTTAAGGCCCTCGGGTTGTAAAGTCCTTTTGGCGGGGACGATGATGACGGTA
TCCAGCCATGCCGCGTGAGTGATGACGGCCTTAGGGTTGTAAAGCTCTTTTCTCCGGGACGATAATGACG
CGATGGCGAAGGCAGCCATCTGGCCTAACACTGACGCTGAGGTGCGAAAGCATGGGGAGCAAACAGGATT
TTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCG
TTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCG
TTTgGACAATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGCAAGGATGAAgGCCTTCGGGTTGTAAACC
CTGCGGCCTATCAGGTAGTTGGTGAGGTAACGGCTCACCAAGCCAAAGACGGGTAGCCGGGCTGAGAGGT
TGGGGAATTTTGGACGATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGTGtGAAGAAGGCCTTCGGGTT
ATTTTGGACAATGGGCGCAAGCCTGATCCAGCCATTCCGCGTGCAGGACGAAGGCCTTCGGGTTGTAAAC
ATCCAGCAATGCCGCGTGAGTGATGAAGGCCTTCGGGTTGTAAAGCTCTTTTACCTGCGACGTTGATGAC
ATTTTGGACAATGGGGGCAACCCTGATCCAGCCATTCCGCGTgAGTgAAGAAGGCCTTCGGGTTGTAAAG
ATTTTGGACAATGGGGGCAACCCTGATCCAGCCATTCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAG
ATTTTGGACAATGGGGGCAACCCTGATCCAGCCATTCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAG
TGGGGAATCTTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGGGTGAAGAAgGCCTTCgGGTT
ATTTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCAGgATGAAGGCCTTCGGGTTGTAAAC
CAGTGGGGAATATTGGGCAATGGGCGAAAGCCTGACCCAGCGACgCCGCGTGGGGGAAGAAGGCCTTCGG
CTTCCGCAATGGACGGAAGTCTGACGGAGCGACGCCGCTTGGAGGAGGAAGCCCTTCGGGGTGTAAACTC
ATTTTGGACAATGGGGGCAACCCTGATCCAGCCATTCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAG
GAATTTTGGACAATGGGCGCAAGCCTGATCCAGCCATTCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAA
AGCAGTGGGGAATCTTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGGAGGCCGAAGGCCTTC
AATTTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCAGGATGAAGGCCTTCGGGTTGTAAA
ATTTTGGACAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAG
GCAGTGGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGACGAAGGCCTTTG
TTTTGGACAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGC
CTGCGGCCTATCAGGTAGTTGGTGAGGTAACGGCTCACCAAGCCAAAGACGGGTAGCCGGGCTGAGAGGT
TTTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCG
GGGGCAACCCTGATCCAGCAATGCCGCGTGAGTGATGAAGGCCTTCGGGTCGTAAAGCTCTTTTACCAGG
GCAGTGGGGAATCTTCCGCAATGGGCGAAAGCCTGAAGGAGCAACGCCGCGTGAGGGAAGAAGGCCTTCG
GCAGTGGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGGGAAGAAGGCCTTCG
ATTTTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAG
ATTTTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAG
ACTTTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAG
ACTTTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAG
GAATTTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAA
GCAGTGGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGGGAAGAAGGCCTTCG
CAGTGGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGGGAAGAAGGCCTTCGG
ACTCCTACGGGAGGCAGCAGTGGGGAATCTTcCGCAACGGGCGCAAGCCTGACGGAGCAACGCCGCGTGG
GCAGCAGTGGGGAATCGTGGGCAATGGGCGAAAGCCTGACCCCGCGACGCCGTGTGGAGGAAGAAGCCCT
GGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTG
CTTCCGCAATGGACGGAAGTCTGACGGAGCGACgCCGCTTGGAGGAGGAAGCCCTTCGGGGTGTAAACTC
TTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCGGGAAGAAGGCCTTCTGGTTGTAAACCG
TTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCG
TTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCG
TTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCCCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCG
AGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGCGGGAAGAAGGCCTTCGGG
TCCAGCCATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTCAGCGAGGAGGATAATGACG
ATCTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGCGTGAGCGATGAAGGCCTTCGGGTCGTAAAG
CAGCCATGCCGCGTGAATGATGAAGGTCTTAGGATTGTAAAATTCTTTCACCGGGGAAGATAATGACGGT
TCCAGCCATGCCGCGTGAGTGATGAAGGCCTTAGGGTTGTAAAGCTCTTTCGGCGGGGACGATAATGACG
TAGGGTTGTAAAGCTCTTTTACCCGGGATGATAATGACAGTACCGGGAGAATAAGCTCCGGCTAACTCCG
AAGCCTGACGGAGCGATACCGCTTGAAGGACGAAACCCTTCGGGGTGTAAACTTCTGAACTCGGGACGAT
TCCAGCCATGCCGCGTGGGTGAAGAAGGCCCTAGGGTTGTAAAGCCCTTTCGGCGGGGACGATGATGACG
TCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAA
GACGGAGCAACGCCGCGTGAGCGAAGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTTAGGGAAGAACAAGT
CTCCTACTTTCGTAGGCAGTCTCGCTAGAGTGCCCAGCCGAACTGATGGCAACTAGCAACAAGGGTTGCG
CGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTCTCACGGTTCCCGA
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TTGTAAAGCCCTTTTGTTGGGAAAGAAATCCAGCTGGTTAATACCCGGTTGGGATGACGGTACCCAAAGA
CCCGCAGAATAAGATCCGGCAAACTTCGTGCCAGCAGCCGCGGTGATACGAAGGGATCTAGCGTTGTTCG
GTACCGGAGGAATAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGC
AGATACCCTGGTAGTCCATGCCGTAAACGATGTCTACTAGCCGTTGGGGCCTTTGAGGCTTTAGTGGCGC
CTTTTGTACGGAACGAAAAGGCTCTGGCTTAATACCTGGGGCTGATGACGGTACCGTAAGAATAAGCACC
CTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTGATGACGGTACCGTAAGAATAAGCACCG
GCTTTTGTACGGAACGAAAAAgCTTCTTCTAATACgAGAGGCCCATGACGGTACCGTAAGAATAAGCACC
TGGACGGCCACACTGGAACTGGGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGCACA
GTAAAGCACTTTTGTCCGGAAAGAAATGGCTCTGGTTAATACCTGGGGTCGATGACGGTACCgGAAGAAT
TGCTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTCATGACGGTACCGTAAGAATAAGCAC
GGTAGCAGGAGAATAAGCCCCGGCTaACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTG
CTCTTTCGGCAGGAACGAAACGGTGGGCTCTAACATAGTCCGCTAATGACGGTACCTGAAGAAGAAGCAC
CTCTTTCGGCAGGAACGAAACGGTGGGCTCTAACATAGTCCGCTAATGACGGTACCTGAAGAAGAAGCAC
CTCTTTCGGCAGGAACGAAACGGTGGGCTCTAACATAGTCCGCTAATGACGGTACCTGAAGAAGAAGCAC
GTAAAGCCCTTTCGGCAGGGAAGAAATCGGCGGGGCGAATAACCCTGCTGGATGACGGTACCTGCAGAAG
TGCTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTGATGACGGTACCGTAAGAATAAGCAC
GTTGTAAACCCCTTTTGCAGGGGACGACACAGGACGGTACCCTGCGAATAAGCCACGGCTAACTcTGTGC
CTGAACTGGGGACGAAAGCCCTGTGTAGGGGGATGACGGTACCCAGGTAATAGCGCCGGCCAACTCCGTG
CTCTTTCGGCAGGAACGAAACGGTGGGCTCTAACATAGTCCGCTAATGACGGTACCTGAAGAAGAAGCAC
AGCTCTTTCGGCAGGAACGAAACGGTGGGGGCTAATACCCTCTGCTAATGACGGTACCTGAAGAAGAAGC
GGGTTGTAAACTCCTTTTGTAGGGGACAATAATGATGGTACCCTATGAATAAGCCACGGCTAACTCTGTG
CTGCTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTGATGGCGGTACCGTAAGAATAAGCA
CTCTTTCGGTCGGGAAGAAATCGTTCGGGTGAATAGCCTGGATGGATGACGGTACTGGCAGAAGAAGCAT
GGTCGTAAAACTCTGTCATCAAGGAAGAACAGATGACGGTACTTGgAGAGgAAGCCCCGGCTAACTACGT
TCTTTCGGTCGGGAAGAAATCGTTCGGGTGAATAGCCTGGATGGATGACGGTACTGGCAGAAGAAGCACC
TGGACGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGCACA
CTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTCATGACGGTACCGTAAGAATAAGCACCG
GATGATAATGACAGTACCTGGAGAATAAGCTCCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGG
GGTTGTAAACCTCTGTCATCAAGGAAGAACAGATGACGGTACTTGGAGAGgAAGCCCCGGCTAACTACGT
GGTTGTAAACCTCTGTCATCAAGGAAGAACAGATGACGGTACTTGGAGAGGAAGCCCCGGCTAACTACGT
CACTTTTGTCCGGAAAGAAATCGCGCTGGCTAATACCTGGCGTGGATGACGGTACCGGAAGAATAAGCAC
CACTTTTGTCCGGAAAGAAATCGCTCTGGTTAATACCTGGGGTGGATGACGGTACTGGAAGAATAAGCAC
CACTTTTGTCCGGAAAGAAATCGCTCTGGTTAATACCTGGGGTGGATGACGGTACTGGAAGAATAAGCAC
CACTTTTGTCCGGAAAGAAATCGCTCTGGTTAATACCTGGGGTGGATGACGGTACTGGAAGAATAAGCAC
ACCGCTTTTGTCGGGGAAGAAATACGCCGGGCTAACATCCTGGCGGGATGACGGTACCCGAAGAATAAGC
GGTTGTAAACCTCTGTCATCAAGGAAGAACAGATGACGGTACTTGGAGAGGAAGCCCCGGCTAACTACGT
GTTGTAAACCTCTGTCATCAAGGAAGAACAGATGACGGTACTTGGAGAGGAAGCCTCGGCTAACTACGTG
GGGACGAAGGCCTTCGGGTTGTAAACCCCTTTTCTGCGGGAAGAAAGCGTGAGGGGCGAACAGTCCTTTG
TCGGGGTGTAAACTCCTGTCAGGGGGgAAGATGCTCACAGAGGTGAATAATCTCTGTGGGTGACGGTACC
GTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGGATTCATTTCCTCAGTAACGAAGCTAACGCGT
CTGAACTGGGGACGAAAGCCCCGGATAGGGGGATGACGGTACCCAGGTAATAGCGCCGGCCAACTCCGTG
CTTTTGGCAGGAACGAAAAGCTCTGGGCTAATACCCTGGGGTGATGACGGTACCTGCAGAATAAGCACCG
CTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTGATGACGGTACCGTAAGAATAAGCACCG
CTTTTGGCAGGAACGAAAAGCTCTGGGCTAATACCCTGGGGTGATGACGGTACCTGCAGAATAAGCACCG
CTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTGATGACGGTACCGTAAGAATAAGCACCG
TTGTAAGCCGCTTTTGTACGGAACGAAAAGGCTCTGGCTAATACCTGGGGCTGATGACGGTACCGTAAGA
TTACTCGCAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACAAAGGGGGCTAGCGTTGT
CTCTGTTGTTAGGGAAGAACAAGTACCGGAGTAACTGCCGGTACCTTGACGGTACCTAACCAGAAAGCCA
ACCCGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGCTC
GTACCCGCAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGT
TGCCAGCAGCCGCGGTAATACGGAGGGAGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCACGTAGG
AATGACGGTACCGAGGTAATAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAG
GTACCCGCAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGC
GATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCAC
GCCGTTTGAATAAGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCC
CTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACGACCATGCAGCACCTGTCTCACGG
AGGCACCAATCCATCTCTGGAAAGTTCCGTGGATGTCAAGGCCAGGTAAGGTTCTGCGCGTTGCATCGAA
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ATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTACTCGGAATTACT
GAATTACTGGGCGTAAAGGGTGCGTAGGCGGCTTTGAAAGTCAGAAGTGAAAGCCCAGGGCTCAACCCTG
TCGGAATCACTGGGCGTAAAGGGCGCGTAGGCGGCGTTTTAAGTCGGGGGTGAAAGCCTGTGGCTCAACC
AGCTAACGCGATAAGTAGACCGCCTGGGGAGTACGGTCGCAAGACTAAAACTCAAGTGAATTGACGGGGG
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAA
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAG
gGGCTAACTACGTGCCAGCAGCCGCGGTAATACgTAGGGTGCGAGCGtTAATCGGAGTTACTGGGCGTAA
ATGGGGGAAACCCTGATGCAGCGACGCCGCGTGGAGGAAGAAGGCCTTCGGGTTGTAAACTCCTTTTCTT
AAGGACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTCCAAGCGTTAATCGGAATTACTGG
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAA
TTCGGAATTACTGGGCGTAAAGGGCGCGTAGGCGGCCCTGTCAGTCAAGCGTGAAAGCCCCGGGCTCAAC
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGAAATTACTGGGCGTAA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
AAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAGTCGGATTTACTGG
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAA
CAGCAGCCGCGGTAAGACAGAGGTGGCAAGCGTTGCTCGGATTCACTGGGCTAAAGGGCGCGTAGGTGGT
CCAGCAGCCGCGGTAATACGGAGGGCGCGAGCGTTACCCGGATTTACTGGGCGTAAAGGGCGTGTAGGCG
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
ACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGT
CCAGCAGCCGCGGTAAGACAGAGGTGGCGAGCGTTGTTCGGAATTACTGGGCTTAAAGGGCGCGTAGGCG
CCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTT
CGGCTAACTACATGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
GCCAGCAGCCGCGGTAAAACGTAGGGGGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGGGCGCGTAGGT
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAA
ATGGGGGAAACCCTGATGCAGCGACGCCGCGTGAAGGAAGAAGGCCTTCGGGTTGTAAACTCCTTTTCTT
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAG
GAGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCGCGTAGGCGGCTACTCAAGTCAGAGGTGAAAGC
GCCAGCAGCCGCGGTAAAACGTAGGGGGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGGGCGCGTAGGT
GCCAGCAGCCGCGGTAAAACGTAGGGGGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGGGCGCGTAGGT
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAA
ACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGT
GCCAGCAGCCGCGGTAAAACGTAGGGGGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGGGCGCGTAGGT
CCAGCAGCCGCGGTAAAACGTAGGGGGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGGGCGCGTAGGTG
CGTTGACGGTACCGCAGGAATAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAAGACGTAGGGGCGA
CCCAGAGGAAGGGACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTCCCGAGCGTTGCGCGAA
GAAGTTGACCGCCTGGGGAGTACGGCCCCAAGGTTGTAACTCAAAGGAATTGACGGGGACCCGCACAAGC
CCAgCAGCCGCGGTAATACGGAGGGCGCGAGCGTTACCCGGATTTACTGGGCGTAAAGGGCGTGTAGGCG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAG
GCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACTGGGCGTAAAG
ATAAGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAGCGTTAATCGGAATTACT
TCGGAATCACTGGGCGTAAAGCGCACGTAGGCGGACTTTTAAGTCAGGGGTGAAATCCCGGGGCTCAACC
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAA
GGAATTACTGGGCGTAAAGGGCGCGTAGGCGGATGTTTAAGTCGGGGGTGAAAGCCCGGGGCTCAACCTC
TCGGAATCACTGGGCGTAAAGGGCGCGTAGGCGGCTTTGTAAGTCGGGGGTGAAAGCCTGTGGCTCAACC
CGGCTTTGTAAGTCAGAGGTGAAAGCCTGGAGCTCAACTCCAGAACTGCCTTTGAGACTGCATCGCTTGA
CGTTACCCGGATTTACTGGGTGTAAAGGGCGTGTAGGCGGTCTCTCAAGTCCGATGCTAAAGACCGAAGC
TCGGAATTACTGGGCGTAAAGGGCGCGTAGGCGGCCATATCAGTCAGGTGTGAAACCCCTGGGCTCAACC
CACCTGTcACTcTGTCCCCCGAAGGGGAACGCCCTATCTCTAGGGTTGTCAGAGGATGTCAAGACCTGGT
GCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTCTTTTAA
CTCCCTTGCGGGCACCCCCGGCTTTCACCAGGGTTCCGTGGATGTCAAGACCTGGTAAGGTTCTGCGCGT
TTAAACCACATACTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTAC
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GGGCGTAAAGCGTGCGTAGGTGGTTGTTTAAGTCTGTTGTGAAAGCCCTGGGCTCAACCTGGGAACTGCA
GAGATGCTTTTGATACTTCATTGCTTGAGGATAGGAGAGGTCAGTGGAATTCCCAGTGTAGAGGTGAAAT
ACAGAATGGCCTTCGATACTGGGACGCTTGAGTCTGGTAGAGGTTGGTGGAACTGCGAGTGTAGAGGTGA
CCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATAG
GCGTGCGCAGGCGGTTGTGTAAGACAGGCGTGAAATCCCCGGGCTTAACCTGGGAATGGCGCTTGTGACT
CGTGCGCAGGCGGTTGTGTAAGACAGGCGTGAAATCCCCGGGCTTAACCTGGGAATGGCGCTTGTGACTG
AGCGTGCGCAGgCGGTTATGTAAgACAgATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTTGTGAC
GGGGACAATGGTGATGGTACCCAAGGAATAAGCCACGGCTAACTCTGTGCCAGCAGCCGCGGTAAGACAG
GCGTAAAGCGTGCGCAGGCGGTTGTGCAAGACCGATGTGAAATCCCCGAGCTTAACTTGGGAATTGCATT
AGCGTGCGCAGGCGGTTATGTAAGACAGAAGTGAAATCCCCGGGCTCAACCTGGGAACTGCCTTTGTGAC
CTGGGAATTGCGCCTGATACTGCAGGGCTTGAGGGTCGGAGAGGATGGTGGAATTCCCAGTGTAGAGGTG
AGCGTGCGCAGgCGGTTGTGTAAgACAGGTGTgAAATCCCCGGGCTTAACCTGGgAACTGTGCTTGTGAC
AGCGTGCGCAGGCGGTTGTGTAAGACAGGTGTGAAATCCCCGGGCTTACCCTGGAACTGCGCTTGTGACT
AGCGTGCGCAGGCGGTTGTGTAAGACAGGTGTGAAATCCCCGGGCTTAACCTGGGAACTGCGCTTGTGAC
GCGTAAAGCGTGCGCAGGCGGCCCGTTAAGACAGGTGTGAAATCCCTGGGCTCAACCTAGGAATTGCGCT
AGCGTGCGCAGGCGGTTTTGTAAGACAGGTGTGAAATCCCCGGGCTTAACCTGGGAACTGCACTTGTGAC
TTTGTAAGTCTAAGGTGGAATTCCACAGCTTAACTGTGGGACTGCCTTTGATACTGCAAGGCTTGAGTCA
GCCTGGGGCGTCCCATGTGAAAGGCCACGGCTCAaCCGTGGAGGAGCGTGGGATACGCTCAGGCTAGAGG
AGCGTGCGCAGGCGGTTGTGTAAGACAGGTGTGAAATCCCCGGGCTTAACCTGGGAACTGCGCTTGTGAC
AAAGCGTGCGCAGGCGGCTTTGTAAGACAGATGTGAAATCCCCGGGCTTAACCTGGGAACTGCGTTCGTG
GTGGTGCAAGTCTGGGGTGGAATTCTATGGCTTAACTATAGGACTGCCCTGGAAACTGCATTACTTGAGT
AAGCGTGCGCAGGCGGTTTTGTAAGACAGGTGTGAAATCCCCGGGCTTAACCTGGGAACTGCACTTGTGA
AGCGTGCGCAGGCGGCGCCATAAGACAGGTGTGAAATCCCCGGGCTTAACCTGGGAACTGCGCTTGTGAC
GGTCCATTAAGTTAGAGGTGAAAGATCGGGGCTCAACCCCGAGATTGCCTCTGATACTGGTGGACTTGAG
GCGTGCGCAGGCGGCGCCATAAGACAGGTGTGAAATCCCCGGGCTTAACCTGGGAACCGCGCTTGTGACT
GGGGACAATGGTGATGGTACCCAAGGAATAAGCCACGGCTAACTCTGTGCCAGCAGCCGCGGTAAGACAA
CGTGCGCAGGCGGTTGTGTAAGACAGGCGTGAAATCCCCGGGCTCAACCTGGGAATGGCGCTTGTGACTG
CCGGGGCTCAACCCCGGAACTGCCTTCGAAACTAGGTGGCTAGAATCTTGGAGAGGTCAGTGGAATTCCG
GGTCCATTAAGTTAGAGGTGAAAGATCGGGGCTCAACCCCGAGATTGCCTCTGATACTGGTGGACTTGAG
GGTCCATTAAGTTAGAGGTGAAAGATCGGGACTCAACCCCGAGATTGCCTCTGATACTGGTGGACTTGAG
AGCGTGCGCAGGCGGTTTTGTAAGACAGGCGTGAAATCCCCGGGCTCAACCTGGGAATGGCGCTTGTGAC
AGCGTGCGCAGGCGGTTGTGCAAGACAGATGTGAAATCCCCGGGCTTAACCTGGGAATGGCATTTGTGAC
AGCGTGCGCAGGCGGTTGTGCAAGACAGATGTGAAATCCCCGGGCTTAACCTGGGAATGGCATTTGTGAC
AGCGTGCGCAGGCGGTTGTGCAAGACAGATGTGAAATCCCCGGGCTTAACCTGGGAATGGCATTTGTGAC
AAAGCGTGCGCAGGCGGTTGTGCAAGACAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTTGTG
GGTCCATTAAGTTAGAGGTGAAAGATCGGGGCTCAACCCCGAGATTGCCTCTGATACTGGTGGACTTGAG
GTCCATTAAGTTAGAGGTGAAAGATCGGGGCTCAACCCCGAGATTGCCTCTGATACTGGTGGACTTGAGT
GCGTTGTCCGGAATCACTGTGTGTAAAGGGCGCGTAGCCGGCCTCGAAAGTCGCAGGTGAAAGGCCACGG
TTCACTGGGCGTAAAGCGTCCgCAGCCGGATGGGTAAGCGGTTCGTCAAAGCCCACCGCTCAACGGTGGA
GGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTgACATGCCAGGAACTTGC
GCCTGGGGCGTCCCATGTGAAAGGCCACGGTTCAACCGTGGAGGAGCGTGGGATACGCTCAGGCTAgAGG
CGTGCGCAGGCGGTTGTGCAAGACAGGCGTGAAATCCCCGGGCTTAACCTGGGAATGGCGCTTGTGACTG
CGTGCGCAGGCGGTTGTGTAAGACAGGCGTGAAATCCCCGGGCTTAACCTGGGAATGGCGCTTGTGACTG
CGTGCGCAGGCGGTTGTGCAAGACAGGCGTGAAATCCCCGGGCTTAACCTGGGAATGGCGCTTGTGACTG
CGTGCGCAGGCGGTTGTGTAAGACAGGCGTgAAATCCCCGGGCTTAACCTGGGAATGGCGCTTGTGACTG
GGGCGTAAAGCGTGCGCAGGCGGTTGTGTAAGACAGGCGTGAAATCCCCGGGCTTAACCTGGGAATGGCG
TCGGAACTGCCTTTGATACTGGAAGTCTGGAGTCCGAGAGAGGTGAGTGGAACTCCGAGTGTAGAGGTGA
AGCGCGCGCAGGCGGTCCTTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAAC
GGAATTGCCTTCGATACTGGACATCTTGAGTACGGGAGAGGTGAGTGGAACTCCGAGTGTAGAGGTGAAA
ACAGAATTGCCTTCGGATACTGCATGGCTTGAGACCGGAAGAGGTAAGTGGAACTGCGAGTGTAGAGGTG
ATCCAGGAGAGGTGAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAAGAACACCAGTGG
TCAACTTCGGGGGTGCGTTGGATACTGTGAGGCTAGACGGTCGGAGAGGGTAGCGGAATTTCCGGAGTAG
TAGGAACTGCACTTGAGACGGTATGGCTTGAGGTCGAGAGAGGATGGTGGAACTCCCAGTGTAGAGGTGA
AAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGtGCGGGCCCCCGTCAATTCCTTT
GTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGAAGACTTGAGTGCAGAAGAG
TGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTG
TCCCCAGGCGGCGAACTTAACGCGTTAGCTTCGACACTGAGCACCTGAGTGTGCCCAACATCCAGTTCGC
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GTGGAAACTGGACGACTAGAGTGTGGTAGAGGGTAGCGGAATTCCTGGTGTAGCAGTGAAATGCGTAGAG
TCGTAGAGATTGGGAAGAACACCAGTGGCGAAGGCGACTGACTGGACTATATCTGACGCTGAGGCACGAA
AATTCGTAGATATTCGCAAGAACACCGGTGGCGAAGGCGGCCAACTGGACCAGTACTGACGCTGAGGCGC
TAGAAACTTTCCAGAGATGGATTGGTGCCTTCGGGAATCTACATACTGGTGCTGCGTGGCTGTCGTCAGC
GCACGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGG
CACGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGA
TGCATGGCTAGAGTACGGTAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAG
AGGTGGCGAGCGTTGTTCGGAATTACTGGGCTTAAAGGGCGAGTAGGCGGTGGAGCAAGTCTGATGTGGA
GGTGACTGCACGGCTAGAGTGTGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGAT
TGCATAGCTGGAGTACGGCAGGGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAG
AAATTCGTAGATATTGGGAAGAACACCGGTGGCGAAGGCGGCCATCTGGACGACATCTGACGCTGAGGCG
TGCACGGCTAGAGTATGGCAGAGGGGGGTGGAATTCCACGTGTAgCAGTGAAATGCGTAGAGATGTGgAG
GCACGGCTAGAGTATGGCAGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGG
TGCACGGCTAGAGTATGGCAGAGGGGGGTGGAATTCCACGCGTAGCAGTGAAATGCGTAGAGATGTGGAG
TGTGACTGGCGGGCTCGAGTACGGTAGAGGGGGGTGGAATTCCTGGTGTAGCAGTGAAATGCGTAGAGAT
TGCAAGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAG
GGCAGAGGAGGGCGGAATTCCCGGTGTAGCGGTGAAATGCGTAGATATCGTGAGGAACGCCGATGGCGAA
GTGGGAGAGGGTGGTGGgATTCCCGgAGTAGCGGTGAAATGCGCAGATACCGGgAGGAACGCCGATGGCG
TGCACGGCTAGAGTATGGCAGAGGGGGGTGGAACTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAG
ACTGCAAGGCTGGAGTGCGGCAGAGGGGGGTGGAAATCCACGTGTAGCAGTGAAATGCGTAGAGATGTGG
CGGTGAGGGGAAGGCGGAGTTCCTGGTGTAGCGGTGAAATGCGTAGATATCAGGAGGAAGGCCTGTGGTG
CTGCAAGGCTGGAGTACGGCAGAGGGGGGTGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGA
TGTGGTACTGGAGTGCGGCAGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAG
TGCAGGAGAGGGGAGCGGAATTCCCAGTGTAGCGGTGAAATGCGTAGATATTGGGAGGAACACCAGTGCG
GTGGTGCTGGAGTGCGCCAGAGGGGGGTGGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGG
AGGTGGCGAGCGTTGTTCGGAATTACTGGGCTTAAAGGGCGAGTAGGCGGTGGAGCAAGTCTGATGTGGA
CACGGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGA
AGTGTAGAGGTGAAATTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGACTGACTGGACAAGTATT
TGCAGGAGAGGGGAGCGGAATTCCCAGTGTAGCGGTGAAATGCGTAGATATTGGGAGGAACACCAGTGGC
TGCAGGAGAGGGGAGCGGAATTCCCAGTGTAGCGGTGAAATGCGTAGATATTGGGAGGAACACCAGTGGC
TGCAAGGCTAGAGTGCGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAG
TGCACGGCTAGAGTGTGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGATATGTGGAG
TGCACGGCTAGAGTGTGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGATATGTGGAG
TGCACGGCTAGAGTGTGTCAGAGGGGGGTAGAATTCCACGTGTAGCAGTGAAATGCGTAGATATGTGGAG
ACTGCACGGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGG
TGCAGGAGAGGGGAGCGGAATTCCCAGTGTAGCGGTGAAATGCGTAGATATTGGGAGGAACACCAGTGGC
GCAGGAGAGGGGAGCGGAATTCCCAGTGTAGCGGTGAAATGCGTAGATATTGGGAGGAACACCAGTGGCG
CTCAACCGTGGAGTGGCCTGCGAAACCACGGGGCTAGAGGTCAGGAGAGGGAAGTGGAATTCCCGGTGTA
AAGGCGTACCGAACTGCCCATCTTGAGGCACGCTCAGGCAGGCGGAATTCCCGGTGTAGCGGTGAAATGC
CAGAGATGGCTTGGTGCTCAAAAGAGAGCCTGgACACAGGTGCTGCATGGCCGTCGTCAGCTCGTGTCGT
GTGGGAGAGGGTGGTGGAATTCCCGGAGTAGCGGTGAAATGCGCAGATACCGGGAGGAACGCCGATGGCG
CACGGCTGGAGTgCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGA
CACGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGA
CACGGCTGGAGTGCGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGA
CACGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGA
CTTGTGACTGCACGGCTGGAGTACGGCAGAGGGGGATGGAATTCCGCGTGTAGCAGTGAAATGCGTAGAT
AATTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGGCTCACTGGCTCGGTACTGACGCTGAGGTGC
TGGGGGACTTGAGTGCAGAAGAGGAAAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAG
TTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGACTCACTGGCCCGTTACTGACGCTGAGGCGCGA
AAATTCGTAGATATTCGCAAGAACACCCAGTGGCGAAGGCGGCTTACTGGTCCGGATCTGACGCTGAGGC
CGAAGGCGGCTCACTGGACTGGTATTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATAC
CGGTGAAATGCGCAGATACCGGAAGGAACGCCAATAGCGAAAGCAGCTACCTGGACGATTTGTGACGCTG
AATTCGTAGATATTGGGAAGAACACCGGTGGCGAAGGCGGCCATCTGGCTCGATCCTGACGCTGAGGCGC
GAGTTTCAGCCTTGcGGCCGTACTCCCCAGGCGGAGTGCTTAATGCGTTTGCTGCAGCACTAAAGGGCGG
GAGAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCT
CGACCGTACTTCCCAGGTGGAGTGCTTAACGCGTTAGCTACGGCACCCAACAGATGTCGGACACCCAGCA
ATCGTTTAGGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGTGCATGAGCGTCA
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ATCAGGAGGAACATCCATGGCGAAGGCAGCTACCTGGACCAACACTGACACTGAGGCACGAAAGCGTGGG
AGTGTGGGGATCAAACAGGATTAGATACCCTGGTAGTCCACACTGTAAACGATGCATGCTAGACGTCGGG
GAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCGCGCCGTAAATGATGAATGCTAGCTGTT
TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTTTCCTTCCTTGCCAGCATTTCGG
AACACCGATGGCGAAGGCAGTCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACA
ACACCGATGGCGAAGGCAGTCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GAACACCGATGGCGAAGGCAATCCCCTGGACCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
ATCCTACGGCTTAACCGTAGAACTGCATTAGAAACTGTTTTACTTGAGTCAGTAAGGGGAGGGCGGAATT
GTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGA
GAACACCGATGGCGAAGGCAATCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
CGAAAGCGTGGGGAgCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGAATGCTAGACGT
GAACACCGATGGCGAAGgCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
AACACCGATGGCGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACA
GAACACCGATGGCGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
CAGGAGGAACACCGATGGCGAAGGCAGCCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGA
GAACACCGATGGCGAAGGCAGTCCCCTGGGCCTGTACTGACGCTTATGCACGAAAGCGTGGGGAGCAAAC
GGCAGCCACCTGGTCCACTTCTGACGCTGAGGCgCGAAAGCGTGGGGAGCAAACCGGATTAGATACCCGG
AAGGCAGCCACCTGGTCCACTTCTGACGCTGAGGCGCGAAAGCGTGGGgAGCAAACCGGATTAGATACCC
GAACACCGATGGCGAAGGCAGCCCCCTGGGCCAATACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
AGGAACACCGATGGCGAAGGCAGCCCCCTGGGTTGACACTGACGCTCATGCACGAAAGTGTGGGGAGCAA
AAGACGGCCTTCTGGCACTTGACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCC
GGAACACCGATGGCGAAGGCAGTCCCCTGGGCCCGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAA
GAACACCGATGGCGAAGGCAGCCCCCTGGGTCGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
AAGGCGGCTCTCTGGACTGCAACTGACACTGAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC
AACACCGATGGCGAAGGCAGCCCCCTGGGTCGACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACA
ATCCTACGGCTTAACCGTAGAACTGCATTAGAAACTGTTTTACTTGAGTCAGTGAGGGGAGGGCGGAATT
ACACCGATGGCGAAGGCAGTCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
GACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG
GAAGGCGGCTCTCTGGACTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACC
GAAGGCGGCTCTCTGGACTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCGTACAGGATTAGATACC
GAATACCGATGGCGAAGGCAGCCCCCTGGGACGAGACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
GAATACCGATGGCGAAGGCAGCCCCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
GAATACCGATGGCGAAGGCAGCCCCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
GAATACCGATGGCGAAGGCAGCCCCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAAC
AGGAACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAA
GAAGGCGGCTCTCTGGACTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACC
AAGGCGGCTCTCTGGACTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC
GCGGTGAAATGCGTAGATATCGGGAGGAACACCAGTGGCGAAGGCGGCTTCCTGGCCTGCGCCTGACGCT
GTAGATATCGGGAGGAACACCGAAGGCGAAGGCAGCCTGCTGGGGCTGTTCTGACGGTCAGGGACGAAAG
GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCATTAGTTGCTACgAAAGGGcACTCTAATG
AAGGCAGCCACCTGGTCCACTTCTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACCGGATTAGATACCC
ACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
ACACCGATGGCGAAGGCAGTCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
ACACCGATGGCGAAGGCAATCCCCTGGGCCTGCACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
ACACCGATGGCGAAGGCAGTCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAG
ATGCGGAGGAACACCGATGGCGAAGGCAGTCCCCTGGGCCTGTACTGACGCTCATGCACGAAAGCGTGGG
GAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGGAAGCTAGCCGTC
GAACACCAGTGGCGAAGGCGGCTTTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAAC
AAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAGTTGTCGG
GCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCCAACCG
CCTGGTAGTCCACGCCGTAAACGATGATAACTAGCTGTCCGGTCACTTGGTGATTGGGTGGCGCAGCTAA
AGGCGCGAAAGCGTGGGGAGCAAACCGGATTAGATACCCGGGTAGTCCACGCCCTAAACGATGAGTGCTG
GAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTGCGCTGGATGTT
AAACCCTCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCC
CTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
CTCATCGTTTAGGGCGTGGACTACCCGGGTATCTAATCCGGTTTGCTCCCCACGCTTTCGCGCCTCAGCG
GTACTGGTCCAGGTGGCCGCCTTCGCCACGGGTGTTCCTCCCGATCTCTACGCATTTCACCGCTACACCG
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GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGCGAACTGGATGTTGGGTGCAATTT
GGCCTTAGGCCCTCCGTGTCGCAGTTAACACATTAAGCATGCCGCCTGGGGAGTACGGCCGCAAGGTTGA
GGGGTGCATGCACCGCAGTAGCGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGATT
ATGGGAACTTTAAGGATACTGCCAGTGACAAACTGGAGGAAGGCGGGGACGACGTCAAGTCATCATGGCC
GGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGATCTTGATCGATTCAGTA
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGATCTTGATCGATTCAGTAA
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACTATGTCAACTGGTTGTTGGGAATTAGTTTTCTCAGT
CCCGGTGTAGCGGTGAAATGCGTAGATATCGGGAGGAAGGCCGGTGGCGAAGGCGGCCCTCTGGTACTGT
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGCTGTTGGGGATTCATTTC
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAATTGGTTGTTGGGTCTTAGCTGACTTAGT
TGGGGTTCTTGGAACTTCAGTGTCGCCGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGA
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTAGGTGTTCGGTGAGGAGACTCATTGA
GGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTAGGTGTTCGGTGAGGAGACTCATTGAG
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTAGGTGTTCGGTGAGGAGACTCATTGA
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAGCCGTTTGGTGCGCGATAG
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAGCCGTTTGGTGCGCGATAGCGCTGA
GTAGTCCACGCCCTAAACGATGCGCGCTAGGTCTCTGGGTTTATCTGGGGGCCGAAGCCAACGCGTTAAG
GGGTAGTCCACGCCCTAAACGATGCGCGCTAGGTCTTTGGGGTTTACCTGGGGGCCGAAGCCAACGCGTT
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGACGACTAGGTGGTCGGTGAGGAGACTCATTGA
ACAGGATTTGATACCCTGGTAGTCCACGCCCTAAACGATGCCAACTAGGTGTTGGGGAAGGAGACTTCCT
TGGTAGTCCACGCCCTAAACGGTGGGTACTAGGTGTGGGGTCTGTAAGGGCTCTGTGCCGAAGGGAAACC
CAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGTCCTTCACTGGATCAG
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACTATGTCGACTGGGTGTTGGGGGAGGAGACTTCCTTA
TGGTAGTCCACGCCGTGAACGATGAGTGCTAGGTGTTGCGGGTATCGACCCCCGCAGTGCCGTAGTTAAC
GGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACAGGGTGTTGGGGGTGGAGACTTCCTTAG
CCCGGTGTAGCGGTGAAATGCGTAGATATCGGGAGGAAGGCCGGTGGCGAAGGCGGCCCTCTGGTACTGT
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTGGTTGTTGGGCCTTAGGTGGCTCAGTAA
ATAACTAGCTGTCCGGGCACATGGTGTCTGGGTGGCGCAGCTAACGCATTAAGTTATCCGCCTGGGGAGT
CTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTGCGGGTATCGACCCCCGCAGTGCCGTAGTTAA
CTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTGCGGGTATCGACCCCCGCAGTGCCGTAGTTAA
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTTGGGGATTCATTTCCTCAGT
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTCGGGTCATAATTGACTCGGT
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTCGGGTCTTAATTGACTTGGT
AGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGTTGTCGGGTCTTAATTGACTTGGT
ACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGGTGGGTTTCTACTCA
CTGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTGCGGGTATCGACCCCCGCAGTGCCGTAGTTAA
TGGTAGTCCACGCCGTAAACGATGAGTGCTAGGTGTTGCGGGTATCGACCCCCGCAGTGCCGTAGTTAAT
GAGGCGCGAAAGCCAGGGGAGCGAACGGGATTAGATACCCCGGTAGTCCTGGCCGTAAACGATGGGCACT
CTGGGGGAGCAAACCGGATTAGATACCCGGGTAGTCCCAGCCGTAAACCATGGGCGCTAGACGTCGTCCG
GGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAGGTCCTCATGGCCCTTATGGGTAGGGCT
GGGTAGTCCACGCCCTAAACGATGCGCGCTAGGTCTTTGGGGTTTACCTGGGGGCCGAAGCCAACGCGTT
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTGGTTGTTGGGCCTTGAGTGGTTCAGTAA
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGATCTTGGTCGATTCAGTAA
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCGACTGGTTGTTGGGCCTTGAGTGGTTCAGTAA
GATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGATCTTGATCGATTCAGTAA
GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTGGTTGTTGGATCTTGATC
AGGGTGCATGCATCTTGGTGGCGCAGTTAACGCATTAAGCTTCCCGCCTGGGGAGTACGGTCGCAAGATT
AGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTA
CATGCATGCATGTCGGTGACGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGATTAA
TTGGGCAGCTTGCTGCTCAGTGGCGCAGCTAACGCTTTAAGCATTCCGCCTGGGGAGTACGGTCGCAAAA
CGCATTAAGTTATCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCCTGCA
GGTGTCCGACATCTGTTGGGTGCCGTAGCTAACGCGTTAAGCACTCCACCTGGGAAGTACGGTCGCAAGA
GGCCGACCTAGTCGGTCAGTGTCGAAGCTAACGCGATAAGCGCACCGCCTGGGGAGTACGGCCGCAAGGT
CACGCTTTCGCGCCTCAGCGTCAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTCCTCCACATCT
ACGCCGTAAACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGC
TCACAAATCGTCCAGGTAGCTGCTTTCGCTATTGGCGTTCCTTCCGGTATCTGCGCATTTCACCGCTACT
GGAATTCCACCACCCTCTACCGTACTCTAGCCTGCCAGTATCCAATGCCATTCCCAGGTTGAGCCCGGGG
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GGCACGCAGTATCGAAGCTAACGCGTTAAGTTCGCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAA
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGACGCAACGCGAAGA
AAAACTCAAAGGGATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCA
CTTACGGCCAGGGCTACACACGTGCTACAATGGTCGGTACAAAGGGTTGCTACCTAGCGATAGGATGCTA
ACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACG
CGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCcGCAAGGTTGAAACTCAAAGGAATTGACGG
AACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGAC
ACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACG
CTTAGTAACGTAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGA
AACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGAC
TTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTcgAAGCAACGCG
GTACCGCAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTG
TACCGCAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGGTCGCAAgATTATAACTCAAAGGAATTGA
GTACCGCAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTG
CGCTGAGTGGCGAAGCTAACGCGTGAAGTACCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAG
GTGGCGAAGCTAACGCGTGAAGTACCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTG
CGCGCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTG
AAGCGCGCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCaCAAGCG
GTACCGCAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTG
TAGTACCGTAGCTAACGCGTGAAGTTGGCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAAT
ATTAAGTACCCCGCCTGGGAAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAA
TAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGACGTACGGCCGCAAGGTTGAAACTCAAAGGAATTG
GTACCGTAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGACCGCAAGGTTAAAACTCAAAGGAATTG
ACAATAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGTGCCCGCAC
TACCGTAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGA
ACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACG
CGAAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGG
ACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCCTGCACAAGAGGTGGAGCATGTGGTTTAATT
CACAATAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CACAATAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
AACGTAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGAC
AACGCAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGAC
AACGCAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGAC
AACGCAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGAC
GTAACGTAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTG
CACAATAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCA
ACAATAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCAC
AGGTGTGGGAGGTATCGGCCCCTTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGAC
CAAGGGCGGTGTCTCAGCTAACGCGTTAAGCGCCCCGCCTGGGGAGTACGGGCGCAAGCCTgAAACTCAA
ACACACGTCATACAATGGTCGGTACAGAGGGCTGCCAACCCGCGAGGGGGAGCCAATCCCAGAAAACCGG
AAGCGCGCCGCCTGGGGAGTACGGACCgCAAGGCTGAAACTcAAAGGAATTGACGGGGGCCCGCACAAGC
CGAAGCTAACGCGTGAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGG
CGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGG
CGAAGCTAACGCGTGAAGTCGACCGCCCGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGG
CGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGG
GATTCAGTAACGAAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAG
AAAACTCAAAGGAATTGACGGGGGCCcGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCA
GTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGgAGTACGGCCgCAAGGCTGAAACTCAAAgGAATTG
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGA
TTAAAACTCAAAGAAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCG
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGCGTTTGACATGTCCGGAC
CTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCG
TGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGC
CTACGCATTTCACCGCTACACGTGGAATTCCGCTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATG
ACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGG
CCGGAAATTCCGCTACCCTCTCCGACCGTCTAGCCTCACAGTATCCAACGCACCCCCGAAGTTGAGCTTC
NTTTCACATCAGACTTAACAAACCGCCTGCGCACGCTTTACGCCCAGTAATTCCGAGTAACGCTTGCACC
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AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAACCTTAC
ACCTTACCAAGATTTGACATGGGAAGTATGAGTCCCTGAAAGGGGATTCTTCAGTTCGGCTGGCTTCCAC
GAACCTTACCATCCTTTGACATGGCATGTTACCTGGAGAGATCCAGGGTCCTCTTCGGAGGCGTGCACAC
ATCTCAAAAAGCCGATCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTA
GGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGAC
GGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGACA
GGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGA
GTGGGCATTAGGTGTAGGGCTCGTAAGGGTTCTGTGCCGAAGGGAAACCATTAAATGCCCCGCCTGGGGA
ATTGACGGGgACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTAC
GGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGA
CAGAACCTTACCAGCCCTTGACATGGGATCTATGGTTACCGgAGACGGTTTCCTTCACTTCGGGTGGGAT
ACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAaCCTTACCTACCCTT
CGGGGgCCCGCACAAGCGGTGGATGATGTGGaTTAATTCGATGCAACGCgAAAAACCTTACCTACCCTTG
ACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTT
GAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAGAACCTTACCT
ACGGGGACCCGCACAAGCGGTGGATGATGTgGATTAATTCGATGCAACGCGAAGAACCTTACCTACCCTT
GAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGACATGCTAGGGGACCTAGGTG
GTGgAGCATGTGgTTTAATTCGATGCAACGCGAAGAACCTTACCTGGGCTTGACATGCTGGTGGTAGGAA
ACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTT
TGACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCC
GCGGTGGAGCATGTGGTATAATTCGACGCAACGCGAAGAACCTTACCTGGGCTTGACATGTTAGTGGTAA
ACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTT
ACGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTT
AAGCGGTGGAGTATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCAGGGCTTGACATCCTCTGAAA
CGGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAACCCTTACCTACCCTTG
GTGGGCATTAGGTGTAGGGCTCGTAAGGGTTCTGTGCCGAAGGGAAACCATTAAATGCCCCGCCTGGGGA
GGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACA
CGAAGCAACGCGCAGAACCTTACCAGCCTTTGACATCCCGCGCTATCCAgAGAGATTTGGAGTTCCCTTC
CAAGCGGTGGAGTATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCAGGGCTTGACATCCTCTGAA
CAAGCGGTGGAGTATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCAGGGCTTGACATCCTCTGAA
GGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGA
GGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGA
GGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGA
GGGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGA
ACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTT
CAAGCGGTGGAGTATGTGGTCTAATTCGACGCAACGCGAAGAACCTTACCAGGGCTTGACATCCTCTGAA
AAGCGGTGGAGTATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCAGGGCTTGACATCCTCTGAAA
CgCAAGGTTGAGACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAG
AGGAATTGGCGGGGGCCCGCACAACCGGTGGAGCGTCTGGTTCAATTCGATGCTAACCGTAAAACCTTAC
TCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGGATCAGCAT
GGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGACATGCTAGGGAACCTA
GGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACA
GGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGACA
GGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGACA
GGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCCACCTTTGACA
GAATTGACGGGGACCCGCACAAGCGGTGGATGATGTGGTTTAATTCGATGCAACGCGAAAAACCTTACCC
GAACCTTACCAGCTCTTGACATTTGGTGCTACCACGGGAGACCGTGGGTTCCCTTCGGGGACGCCAGGAC
aCGGGGgCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTT
ACCTTACCACCTTTTGACATGCCCTGATCGCTGGAGAGATCCAGTTTTCCCTTCGGGGACAGGGACACAG
CAGAACCTTACCAGCCTTTGACATGTCCGGTATGGATCCTGGAGACAGGTTCCTTCAGTTCGGCTGGCCG
GATTTCCAGAGATGGATTTCTTCCCTTCGGGGACTGGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGT
CAGAACCTTACCAGGTCTTGACATCCACGGAACCCTGGTGAAAGCCGGGGGTGCCCGCAAGGGAGCCGTG
AGAACCTTACCAGCCCTTGACATGGGCGCGACCGGCCGAGAGATCGGCCTTTGGGGAAACTCACGCGCCA
ACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGGAACCGCCTGCGCGCGCTTTACGCCCAA
AGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAATCCTGGAG
GGTCTTTAGCATCGGACTTGAGAGACCGCCTACACGCCCTTTACACCCAGTAAATCCGGGTAACGCTCGC
CTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGCCGGTGCTTATTCTTCCGGTACCGTCATTCCCACGG

164

4381-1
4381-3
4381-4
4381-5
4381-15
4381-25
4381-27
A1-11
A1-15
A1-19
A1-23
A1-3
A1-9
AD13
AD17
AD19
AD21
AD23
AD7
RVLT11
RVLT13
RVLT15
RVLT17
RVLT19
RVLT21
RVLT33
RVLT43
RVLT49
RVLT9
PKA1
PKA7
PKA18
PKA19
PKA19B
PKA23B
PKA34
PKA34B
COO1
COO3
COO5
COO25
PKCA1
PKCA2
PKCA4
PKCA5
PKCA35
ROCKI1
FaiI2
FaiI3
FaiI4
FaiI8
COOI1
COOI2
COOI3B
CooI4A
CooI8
CooI9

990
1000
1010
1020
1030
1040
1050
....|....|....|....|....|....|....|....|....|....|....|....|....|....|
CTGGCCTTGACATGTCGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCGAACACAGGTGCTGC
ACAGGTGCTGCAAGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACC
AGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCA
ATCGCGGATCAGAATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAG
ATGGCAGGAAGGCTCCAGAGATGGGGCTGTGCTCGCAAGAGAACCTGCACACAGGTGCTGCATGGCTGTC
TGGCAGGAAGGCTCCAGAGATGGGGCTGTGCTCGCAAGAGAACCTGCACACAGGTGCTGCATGGCTGTCG
CATGGCAGgAAGTTTCCAgAGATGGATTCGTGCTCGAAAGAGAACCTGCACACAGGTGCTGCATGGCTGT
GTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
CCTTGACATGCCACTAACGAAGCAGAGATGCATTAGGTGCTCGAAAgAgAAAGTGGACACAGGTGCTGCA
CATGTACGGAACCCTTTGGAGACAGAGGGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTGT
CCACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTgAGATGTTAGGAGTCAAGTCCCGCAACGAGC
GACATGTACGGAACCCTcGTgAgAGGTGGGGGTGCTCgAAAgAgAgCCGTAACACAGGTGCTGCATGGCT
ACATGTACGGAACCCTGCTGAGAGGTGGGGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCTG
GACATGTACGGAACCCTGCTGAGAGGTGGGGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCT
ACCCTTGACATGCCCCGAACCTGGGAGAGATCCTGGGGTGCCCGAAAGGGGACGGGGACACAGGTGCTGC
GACATGCCCCGAACCTGGGAGAGATCCTGGGGTGCCCGAAAGGGAACGGGGACACAGGTGCTGCATGGCT
AAAGCCTGGGGTGCCCGCGAGGGAGCCCTAGCACAGGTGCTGCATGGCCGTCGTCAGCTCGTGTCGTGAG
CCCGAAAGGGGGACGACCTTAGGGGCAACTCTAAGGAGCCAGCACAGGTGCTGCATGGCTGTCGTCAGCT
GACATGTACGGAACCCTGCTGAGAGGTGGGGGTGCTCGAAAGAGAGCCGTAACACAGGTGCTGCATGGCT
TTGACATGCCTCGAATCCTGCCGAGAGGTGGGAGTGCCCGAAAGGGAGCGGGGACACAGGTGCTGCATGG
GAACCTGAAAGGGGGATGACCTGTAGCAATACAGGAGCTAACACAGGTGCTGCATGGCTGTCGTCAGCTC
GACGTGTACGGAAGTTGCCAGAGATGGCTTCGTGCTCGAAAGAGAACCGTAACACAGGTGCTGCATGGCT
GACATGCCCGGAACCCTGGTgAGAGCTGGGGGTGCCCGAAAGGgAGCTGGGACACAGGTGCTGCATGGCT
GCCATAGAGATATGGACCTTACCCTTCGGGGTAACAgAgAGACAGGTGGTGCATGGTTGTCGTCAGCTCG
ACATGCCCGGAACCCTGGTGAGAGCTGGGGGTGCCCGAAAGGAAGCTGGGACACAGGTGCTGCATGGCTG
GTACGGCCGCAGGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
TGCCAGGAATCCTGCAgAGATGTGGgAGTGCTCGCAAgAGAGCCTGGACACAGGTGCTGCATGGCTGTCG
GGGGACGCGGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTgAGATGTTGGGTTAAGTCCCGCA
AGCCATAGAGATATGGACCTTACCCTTCGGGGTAACAGAGAGACAGGTGGTGCATGGTTGTCGTCAGCTC
AGCCATAGAGATATGGACCTTACCCTTCGGGGTAACAGAGAGACAGGTGGTGCATGGTTGTCGTCAGCTC
CATGCCACTAACGAAGCAGAGATGCATCAGGTGCCCGAAAGGGAAAGTGGACACAGGTGCTGCATGGCTG
CATGGTCGGAATCCTGGAGAGATCTGGGAGTGCTCGAAAGAGAACCGGCGCACAGGTGCTGCATGGCTGT
CATGGTCGGGATCCTGGAGAGATCTGGGAGTGCTCGAAAGAGAACCGGCGCACAGGTGCTGCATGGCTGT
CATGGTCGGGATCCTGGAGAGATCTGGGAGTGCTCGAAAGAGAACCGGCGCACAGGTGCTGCATGGCTGT
GACATGCCAGGAACCTTGCAGAGATGCGAGGGTGCCCGAAAGGGAGCCTGGACACAGGTGCTGCATGGCC
AGCCATAGAGATATGGACCTTACCCTTCGGGGTAACAGAGAGACAGGTGGTGCATGGTTGTCGTCAGCTC
GCCATAGAGATATGGACCTTACCCTTCGGGGTAACAGAGAGACAGGTGGTGCATGGTTGTCGTCAGCTCG
CAACGCGAAGAACCTTACCAGGCCTCACCCCCTGACAGCCGCGGAAACACGGTCTTCCCCTTATGGGGAC
CCGGGTTTGACATGATGGGAAACCTCTGCGAAAGCGgAGGGTGCCGTCCTCTGGACGGAATCCCATCACA
GTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAGCGGGTTCTGCCAGAA
GGTGAAAGCCTGGGGTGCCCGCGAGGGAGCCCTAGCACAGGTGCTGCATGGCCGTCGTCAGCTCGTGTCG
TGGCAGGAATCCTGCAGAGATGTGGGAGTGCTCGCAAGAGAACCTGCACACAGGTGCTGCATGGCTGTCG
TGGCAGGAAGGCTCCAGAGATGGGGCTGTGCTCGCAAGAGAACCTGCACACAGGTGCTGCATGGCTGTCG
TGGCAGGAATCCTGCAGAGATGTGGGAGTGCTCGCAAGAGAACCTGCACACAGGTGCTGCATGGCTGTCG
TGGCAGGAAGGCTCCAGAGATGGGGCTGTGCTCGCAAGAGAACCTGCACACAGGTGCTGCATGGCTGTCG
ACCTTTGACATGGCAGGAAGGCTCCAGAGATGGGGCTGTGCTCGCAAGAGAACCTGCACACAGGTGCTGC
AGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCT
GACATCCTCTGACACTCCTAGAGATAGGACTTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTT
GTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCG
GAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTTTAGTTACCATCATTTAGTTGGG
AGACAGGTGCTGCATGGTCGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC
TAATTCCGGACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTAGCCGTGGCTTTCTGG
ACAGGACGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGAT
ACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTATTACCTCGGTACCGTCATTATCGT
GGTATTAGCCCGCAGGTTTTCTTCCCGGACAAAAGTGCTTTACAACCCGAAGGCCTTCTTCACACACGCG
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ATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAG
CTCATCGTCAGTTGCTACCAGGTTATGCTGGGCACTCTGACGAAACCGCCGGTGACAAGCCGGAGGAAGG
CGTCCTCAGTTGCCATCATTCAGTTGGGCACTCTGGGGAGACTGCCGGTGATAAGCCGCGAGGAAGGTGT
TTTGTTGCACCAGAAGTAGCTAGCCTAACTGCAAAGAGGGCGGTTACCACGGTGTGGCCGATGACTGGGG
GTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATCAGTTGCTACGA
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATCAgTTGCTACGAA
CGTCAGCTCGTGTCGTgAGAtGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTTGTCATTAGTTGCTAC
TTCGACGCTACGCGAAGAACCTTACCTGGGCTTGACATGCTAGTGGTAAGAACCCGAAAGGGGGATGGCT
TGGCTGTCGTCAGCTCGTGTCGTAGATGTTGGGTTAAGTCCCgCAACGAGCGCAACCCTTGTcTcTAGTT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACG
GCAACCCTCATCGTCAGTTGCCATCAGTTCGGCTGGGCACTCTGACGAAACCGCCGGTGACAAGCCGGAG
GTCGTCAGCTCGTGTCGTAAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTA
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCGACGAGCGCAACCCTTGTCATTAGTTGCTAC
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGCCCTTAGTTGCCA
ATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAATCCCTGCCATTAG
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGCCATTAgTTGCCA
ATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGCCCTTAGTTGCCAGCGGGTTGGGCCGGGCACTCT
CGTGCCGTGAGGTGTTGGGTCAAGTCCCGCAACGAGCGCAACCCCTATCCTCTGTTGCCATCGGGTAATG
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTA
CTGTCGTCAGCTCGTGTCGTAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCC
GTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCCTGTGTTGCCGATGAGGCTCTC
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTA
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCACTAATTGCCA
TGTCGTgAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTAACATTAGTTGCCAGCGAGTAAGGTC
TCGTCAGCTCGCGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCACTAATTGCCAT
TTCGACGCTACGCGAAGAACCTTACCTGGGCTTGACATGTTAGTGGTAAGAACCCGAAAGGGGGATGACT
TCAGCTCGTGTCGTgAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCATTAGTTgCTACGAA
ACGAGCGCAACCCTCGTCCTTAGTTGCCATCATTGAGTTGGGCACTCTAAGGAAACCGCCGGTGATAAGC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTAACATTAGTTGCCAGCGAGTAAGGT
GTGTCGTGCGATGTTGGGTTAAGTCCCGCGACGAGCGCAACCCCTAACATTAGTTGCCAGCGAGTAAGGT
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCTCTAGTTGCTAC
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACG
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACG
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTACG
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCATTAGTTGCTA
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTAACATTAGTTGCCAGCGAGTAAGGT
TGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTAACATTAGTTGCCAGCGAGTAAGGTC
AGGGgATACCGGTGCTGCATGGTTGTCGTCAGCTCGTGTCGTgAGATGTTGGGTTAAGTCCCGCAACGAG
GGTGGTGCATGGCCGTCGTCAGCTCGTGTCGTGAGATGTTGgGTTAAGTCCCGCAACGAGCGCAACCCCT
GTGGGTAGCCTAACCGCAAGGAGGGCGCTTACCACGGCAGGGTTCGTGACTGGGGTGAAGTCGTAACAAG
TgAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTGCCCTTAGTTGCCAGCGGGTTAGGCCGGGCA
TCAGCTCGTGTCGTNAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCATTAGTTGCTACGAA
TCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATCAGTTGCTACGAA
TCAGCTCGTGTCGTgAGATGTTgGGTTAAgtCCCGCAACGAGCGCAACCCTTGCCATTAGTTGCTACGAA
TCAGCTCGTGTCGTaaatgttggGTTAAGTCCCGCAACAAGCGCAACCCTTTTCATCAGTTGCTACGAAA
ATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATCAG
CGCCCTTAGTTGCCATCATTCAGTTGGGCACTCTAGGGGGACTGCCGGTGATAAGCCGAGAGGAAGGTGG
GTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCA
CCATTAGTTGCCATCATTAAGTTGGGCACTCTAATGGGACCGCCGGTGGTAAGCCGGAGGAAGGTGGGGA
AACCCTCGCCCTTAGTTGCCATCATTCAGTTGGGCACTCTAAGGGGACTGCCGGTGATAAGCCGAGAGGA
TACTCTAAAGGAACCGCCGGTGATAAGCCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTAC
CCCTTGTTGCTAGTTGCCATCAGTTCGGCTGGGCACTCTAGCGAGACTGCCTACGAAAGTAGGAGGAAGG
CCTCGCCTTCAGTTGCCAGCGCGTCTGGGCGGGCACTCTGAAGGAACTGCCGGTGACAAGCCGGAGGAAG
TCAGGTACCGTCAAGGTACCGGCAGTTACTCCGGTACTTGTTCTTCCCTGACAACAGAGCTTTACGACCC
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGG
CCCGAGTTCAGAAGTTTACACCCCGAAGGGCTTCGTCCTTCAAGCGGTATCGCTCCGTCAGGCTTTCGCC
GCATGGCTGGATCAGTTTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCC
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TTGCCAGCACGTAATGGTGGGAACTCTAAGGAGACCGCCGGTGACAAACCGGAGGAAGGTGGGGATGACG
TGGGGATGACGTCTAGTCCTCATGGCCCTTACATCTTGGGCTACACACGTACTACAATGGTGGTGACAGC
GGATGACGTCAAGTCCTCATGGCCCTTACGGGATGGGCTACACACGTGCTACAATGGCGGTGACAGTGGG
TGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATCACCTCCTT~~
AAGGGCACTCTGATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCC
AGGGCACTCTGATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCC
ATATAGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTC
TAGGGGAAACCCTGAGAGCTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGT
GCTACGAAAGGGCACTCTAGAGAGACTGCCGGtGACAAACCGGAGgAAGGTGGGGATGACGTCAAGTCAT
AAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGC
GAAGGCGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGCTGGGCTACACACGTGCTACAATGGTGGTG
CGCAAGAGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATG
GCAAGAGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGG
GCGGGATAGGCCGGGCACTCTAAGGGGACTGCCTGCGAAAGCAGGAGGAAGGCGGGGACGACGTCTGGTC
TTGCCAGCGGCTTGGCCGGGCACTCTAATGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGT
GCGGCTTGGCCGGGCACTCTAATGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGACGACGTCAAGTC
AAGGGGACTGCCTGCGAAAGCAGGAGGAAGGCGGGGACGACGTCTGGTCATCATGGCCCTTACGGCCTGG
CCGGGCACTCTGAGGGGACTGCCTGCGAAAGCAGGAGGAAGGCGGGGACGACGTCTGGTCATCATGGCCC
CGCAAGAGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATG
ATCATTAAGTTGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGAC
TCAGGAAACTGCCAGCGACAAGCTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTATGTCCA
CGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATG
TCATTGGGTTGGGCACTTTAGTGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCC
GGGAACTCTAATGTGACTGCCGTTGACAAAACGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCT
CATTGGGTTGGGCACTTTAGTGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCT
TAGGGGAAACCCTGAGAGCTAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTgAGGTGTTGGGT
AGGGCACTCTAATGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCC
CGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACAGGCTGGGCTACACACGTGCTACAATGG
CGGGAACTCTAATGTGACTGCCGTTGACAAAACGGAGgAAGGTGGGGATGACGTCAAATCATCATGCCCC
CGGGAACTCTAATGTGACTGCCGTTGACAAAACGGAGGAAGGTGGGGATGACGTCAAATCATCTTGCCCC
GCAAGGGCACTCTAGAGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGG
AAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGC
AAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGGCGTCAAGTCCTCATGGC
AAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGGCGTCAAGTCCTCATGGC
CGAAAGGGCACTCTAATGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAGGTCCTCATG
CGGGAACTCTAATGTGACTGCCGTTGACAAAACGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCC
GGGAACTCTAATGTGACTGCCGTTGACAAAACGGAGGAAGGTGGGATGACGTCAAATCATCATGCCCCTT
CGCAACCCTCGTCCTGTGTTGCCAGCGTGGAGTCGGGCACTCACAGGAGACTGCCGGCGGCGAGCCGGAG
GCCCTTAgTTGCCACTCtACGGAGGGCACTCTAAGGGGACTGCCGGCGATAAGCCGGAGGAAGGTGGGGA
GTAGCCGTATCgGAAGGtGCGGCTGGATCACCTCCTt~~~
CTCTAAGGGGACTGCCTGCGAAAGCAGGAGGAAGGCGGGGACGACGTCTGGTCATCATGGCCCTTACGGC
AGGGCACTCTAATGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCC
AGGGCACTCTGATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCC
AGGGCACTTTTAATGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCC
GGCACTCTGATGAGACTGCCGGTGACAAACCGgAGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCTTA
TTGCTACGAAAGGGCACTCTGATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTC
GGATGACGTCAAGTCCTCATGGCCCTTACGGGCTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGG
GCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCA
TGACGTCAAGTCCTCATGGCCCTTACGGGGTGGGCTACACACGTGCTACAATGGCGACTACAGAGGGCTG
AGGTGGGGATGACGTCAAGTCCTCATGGCCCTTACGGGCTGGGCTACACACGTGCTACAATGGCGGTGAC
GCGCTGGGCTACACACGTGCTACAATGGCGGTGACAGTGGGCAGCAATCCCGCGAGGGTGAGCTAATCTC
CGGGGATGACGTCTGATCCGCATGGCCCTTACGACCTGGGCGACACACGTGCTACAATGCCTGCCACAAA
GTGGGGATGACGTCAAGTCCTCATGGCCCTTATGGGCTGGGCTACACACGTGCTACAATGGCGGTGACAG
GAAGGCCTTCATCGCTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCT
TGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCT
CATTGCGGAAGATTCCTAACTGCTGCCTCCCGTAGGAGTGGGGTCCGTGTCTCAGTACCCCTGTGGCTGG
CGTGTCTCAGTCCCAGTGTGGCTGATCATCTTTTCAGACCAGCTACGGATCGTCGCCTTGGTGGGCCTTT
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TCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTACTACAATGGTAGGGACAGAGGGCTGCAAGC
AGGCAGCGAAGGCGCAAGCCGGAGCTAATCCTCAAAAGCCATCTCAGTTCGGATTGtTCTCTGCAACTCG
ACGCGAAGGGGTGACCCTGAGCCAATCTCCAAAAGCCGTCTCAGTTCGGGTTGCACTCTGCAACTCGAGT
CTTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGCAGCCAACCCGCGAGGGGGAGCCA
TTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGCAGCCAACCCGCGAGGGGGAGCCAA
ATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGCTGGTACAGAGGGTTGCCAACCCGCGAGGGG
TAAGTCCCGCAACGAGCGCAACCCTTATTNTCTGTTGCCCCGTATTTACTACGGGGCTCTCTGAGGAAAC
CATGGCCCTTACGGCCAGGGCTACACACGTACTACAATGGTAGGGACAGAGGGCTGCAAACCCGCGAGGG
CCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCT
ACAGTGGGACGCAAGACCGCGAGGTCAAGCAAATCTCCAAAAGCCATCTCAGTTCAGATTGCACTCTGCA
GCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAG
CCCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGC
ATCATGGCCCTTACGGCCTGGGCGACACACGTGCTACAATGCCCACTACAGAGCGATGCGACCCAGTGAT
CAAGTCATCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGCGCGTACAGAGGGTTGCGAAGC
ATCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGCGCGTACAGAGGGTTGCGAAgCCGCgAG
GCGACACACGTGCTACAATGCCCACTACAGAGCGATGCGACCCAGTGATGGGGAGCGAATCGCAAAAAGG
TTACGGCCTGGGCGACACACGTGCTACAATGCCCACTACAGAGCGATGCGACCCAgTGATGGGGAGCGAA
GCCCTTATGGGTAGGGCTTCACGCGTCATACAATGGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAG
CTCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGTACAGAGGGTAGCCAAGCCGCGAG
GGGCTACACACGTGCTACAATGGCCTCTACAGAGGGTAGCAATACCGCGAGGTGGAGCCAATCCCTAAAA
GCCCTTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGTTGCCAACCCGCGAGGGGGAG
TCATGGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGCCGGTACAGAGGGTTGCCAACCCGCGAGG
TATGTCCTGGGCTACACACGTACTACAATGGCCGGTACAGACGGAAGCGAAGCCGTGAGGCGGAGCAAAA
CATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAGAGGGTAGCCAACCCGCGAGGG
TAAGTCCCGCAACGAGCGCAACCCTTATTCTCTGTTGCCCCGTATTTACTACGGGGCTCTCTGAGGAAAC
TTATGGGTAGGGCTACACACGTCATACAATGGCCGGTACAGAGGGCTGCCAACCCGCGAGGGGGAGCCAA
CGGTGACAGTGGGCAGCAAGCACGCGAGTGTGAGCTAATCTCCAAAAGCCGTCTCAGTTCGGATTGTTCT
TTATGTCCTGGGCTACACACGTACTACAATGGCCGGTACAGACGGAAGCGAAGCCGTGAGGCGGAGCAAA
TTATGTCCTGGGCTACACACGTACTACAATGGCCGGTACAGACGGAAGCGAAGCCGTGAGGCGGAGCAAA
CCCTTATGGGTAGGGCTTCACACGTCATACAATGGTGCGTACAGAGGGTTGCCAACCCGCGAGGGGGAGC
CCTTATGGGTAGGGCTTCACACGTCATACAATGGTACATACAGAGGGCTGCCAACCCGCGAGGGGGAGCT
CCTTATGGGTAGGGCTTCACACGTCATACAATGGTACATACAGAGGGCTGCCAACCCGCGAGGGGGAGCT
CCTTATGGGTAGGGCTTCACACGTCATACAATGGTACATACAGAGGGCTGCCAACCCGCGAGGGGGAGCT
GCCCTTATGGGTAGGGCTACACACGTCATACAATGGCCGGTACAGAGGGCTGCCAAAGCGCGAGCTGGAG
TTATGTCCTGGGCTACACACGTACTACAATGGCCGGTGCAGACGGAAGCAAAGCCGTGAGGCGGAGCAAA
ATGTCCTGGGCTACACACGTACTACAATGGCCGGTACAGACGGAAGCAAAGCCGTGAGGCGGAGCAAATC
GAAGGTGGGGATGACGTCAAATCCTCATGGCCTTCATGGCCTGGGCTACACACGTGCTACAATGGCCGGT
TGACGTCAGGTCAGTATGCCCTTTATGCCCGGGGCTACGCAGGCGCTACAGTGGCCGGGACAGTGGGAAG
CTGGGCGACACACGTGCTACAATGCCCACTACAGAGCGAGGCGACCCAGCGATGGGGAGCGAATCGCAAA
TTATGGGTAGGGCTACACACGTCATACAATGGCCGGTACAGAGGGCCGCCAACCCGCGAGGGGGAGCCAA
TTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGCAGCCAACCCGCGAGGGGGAGCCAA
CTTATGGGTAGGGCTACACACGTCATACAATGGCCGGTACAGAGGGCTGCCAACCCGCGAGGGGGAGCCA
TAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGCAGCCAACCCGCGAGGGGGAGCCAAACCC
CTCATGGCCCTTATAGGTGGGGCTACACACGTCATACAATGGCCGGTACAAAGGGCAGCCAACCCGCGAG
CAGCGAAGGGGTGACCCGGAGCTAATCTCCAAAAGCCGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGA
TCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGG
CAACCCTGCGAAGGTGAGCTAATCCCTAAAAGTCGTCTCAGTTCGGATTGCACTCTGCAACTCGAGTGCA
AATGGGCAGCGAACCCGCGAGGGGGAGCTAATCCCAAAAAGCCGTCTCAGTTCGGATTGCACTCTGCAAC
CAAAAGCCGTCTCAGTTCGGATTGTTCTCTGCAACTCGAGAGCATGAAGGCGGAATCGCTAGTAATCGCG
GCGCTGCGACCCGGCAACGGGAAGCCAATCGCATAAAAGCAGGCTCAGTTCGGATTGGGGTCTGCAACTC
TGGGATGCAAGCCAGCGATGGCGAGCCAATCCCGAAAAGCCGTCTCAGTTCAGATTGCACTCTGCAACTC
GCCTcCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGcCGATCACCCTCTCAGGTCGGCTACGCA
ACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAAACCGCGAGGTTTAGCCAATCCCATAAAACCAT
TCGTCCTCTCAGACCAGCTATGGGTCGTCGGCTTGGTAGGCCTTTACCCTACCAACTACCTGATCCAGCG
ACCCCGCCAACTAGCTAATCCGACATTGGCTCATCCTGCCGCGCGAGGNCCGAAGGTCCCCCGCTTTCAC
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CGGCGACGGTAAGCCAATCCCAGAAACCCTATCTCAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAA
AGAGCATGAAGCTGGAATCGCTAGTAATCGCAGATCAGCACGCTGCGGTGAATACGTTCCCGGGCCTTGT
GCATGAAGGCGGAATCGCTAGTAATCGTGGATCAGCATGCCACGGTGAATACGTTCCCGGGCCTTGTACA
ATCCCACAAAGCCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTA
TCCCACAAAGCCGGTCGTAGTCCGGATTGTAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAA
GAGCTAATCCCATAAAACCAGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCG
TGCCAGCGATGAGCTGGAGAAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGTCCAGGGCGACAC
CAAGCCAATCCCAGAAACCCTATCTCAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATC
AATCCCAGAAAGCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGT
ACTCGAGTGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGC
CTAATCCCAGAAAGCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTA
TAATCCCAGAAAGCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGAGTGCATGAAGGCGGAATCGCTAG
GGGGAGCGAATCGCAAAAAGGTGGGCGTAGTTCGGATTGGGGTCTGCAACCCGACCCCATGAAGCCGGAA
CGCGAGGCGGAGCCAATCCCAGAAAGCGCGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAG
GCGGAGCCAATCCCAGAAAGCGCGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAA
TGGGCGTAGTTCGGATTGGGGTCTGCAACCCGACCCCATGAAGCCGGAATCGCTAGTAATCGCGGATCAG
TCGCAAAAAGGTGGGCGTAGTTCGGATTGGGGTCTGCAACCCGACCCCATGAAGCCGGAATCGCTAGTAA
CTAATCCCAGAAAGCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTA
GTGGAGCCAATCCCAGAAAGCCGATCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAA
GAGGTCTCAGTTGGGATCGGAGTCTGCAACTCGACTCCGTGAACGTGGAATCGCTAGTAATCGCGGATCA
CTAATCCCACAAAGCCGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTA
GGGAGCCAATCCCAGAAAGCCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAAT
CTGAGAAAGCCGGTCCCAGTTCGGATTGTAGTCTGCAACTCGACTACATGAAGTCGGAATCGCTAGTAAT
GGAGCCGATCCCACAAAGCCGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATC
TGCCAGCGATGAGCTGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGTCCAGGGCGACAC
TCCCGAAAAACCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAA
CTGCAACTCGAGAGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAgCATGCCGCGGTGAATACGTTCC
TCTGAGAAAGCCGGCCCCAGTTCGGATTGTAGTCTGCAACTCGACTACATGAAGTCGGAATCGCTAGTAA
TCTGAGAAAGCCGGTCCCAGTTCGGATTGTAGTCTGCAACTCGACTACATGAAGTCGGAATCGCTAGTAA
TAATCCCAGAAAACGCATCGTAGTCCGGATCGTAGTCTGCAACTCGACTACGTGAAGCTGGAATCGCTAG
AATCCCAGAAAGTGTATCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTTGGAATCGCTAGT
AATCCCAGAAAGTGTATCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTTGGAATCGCTGGT
AATCCCAGAAAGTGTATCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTTGGAATCGCTGGT
CCAATCCCTATAAAACCGGTCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCT
TCTGAGAAAGCCGGTCCCAGTTCGGATTGTAGTCTGCAACTCGACTACATGAAGTCGGAATCGCTAGTAA
TGAGAAAGCCGGTCCCAGTTCGGATTGTAGTCTGCAACTCGACTACATGAAGTCGGAATCGCTAGTAATC
ACAAAGGGATGCGAAGGGGTGACCTGGAGCAAATCCCAAAAAGCCGGTCTCAGTTGGGATCGAAGGCTGC
CGACCCACAAATGGGGAGCAAATCCTCAAACCCGGTCATGGTGCAGATTGAGGGCTGAAACTCGCCCTCA
AAGGTGGGCGTAGTTCGGATTGGGGTCTGCAACCCGACCCCATGAAGCCGGAATCGCTAGTAATCGCGGA
TCCCTACAAAACCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTA
TCCCACAAAGCCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAA
ATCCCTACAAAACCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGT
ACAAAGCCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGT
GGGGAGCCAATCCCACAAAGCCGGTCGTAGTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAA
GCATGAAGTTGGAATCGCTAGTAATCGCGTAACAGCATGACGCGGTGAATACGTTCCCGGGCCTTGTACA
TTTAGCCAATCCCATAAAACCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCCGGAAT
TGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACAC
TCGAGTGCATGAAGGTGGAATCGCTAGTAATCGTGGATCAGAACGCCACGGTGAATACGTTCCCGGGCCT
GATCAGCATGCCGCGGTGAATACGTTCCCAGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTGGGT
GACCCCATGAAGCTGGAATCGCTAGTAATCGCGGATCAGCCATGCCGCGGTGAATACGTTCCCGGGCCTT
GGGTGCATGAAGGCGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTG
TCGTCGCCTTGGTGAGCCGTTACCTTACCAACTAGCTAATGCGCCGCGGGCCCATCTGTAAGTGACAGCC
TCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGAATCGCTAGTAATCGCGGATCAGCAT
CAGGCCCATCCCAAAGCGCCGAAGCTTTAAACATCAGCCACAGCTGAGGTTCACATCCGGGATTAGCTAA
CCGTAGG..
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GTCGGAATCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGC
ACACACCGCCCGTCACGCCATGGGAGTTGATTTTACCTTAAGCCGGTGCGCTAACTGTAAGGAAGTAGCC
CACCGCCCGTCACACCATGGGAGTTGGTCTTACCCGACGGCGCTGCGCCAACCGCAAGGAGGCAGGCGAC
ATCGTGGATCAGCATGTCACGGTGAATACGCTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAG
TCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAGT
CTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCA
ACGTGCTACAATGGCCACTACAGAGGGTAGCAATACTGTGAGGTGGAGCCAATCCCTAAAAGTGGTCTCA
GCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGA
CTTGTACACACCGCCCGTCACACCATGGGAGTTGGCTTTACCCGAAGCCGGTGCGCTAACCGAAAGGAGG
GTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGG
TAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTCGTACACACCGCCCGTCACACCATGGG
TCGCTAGTAATCGCGGATCAGCCATGCCGCGGTGGATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC
TCGGAATCGCTAGTAATCGCGGATCAACATGCCGCGGTGAATACGTTCCCGGGTCTTGTACTCACCGCCC
TCGCTAGTAATCGCGGATCAgCATGCCGCGGTGAATACgTTCCCGGgTCTTGTACACATCGcCCGTCACA
CCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGCCATGGGAGCGGGTTCTACC
TCGCGGATCAgCCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGCCATGGGAG
GTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGCCACACCATGG
TCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACA
GCTACgCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGCCTGTTGTAC
GTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGG
CGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACAC
CGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGCT
GCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCAGGGTCTTGTACACACCGCCCGTCACACC
ACGTGCTACAATGGCCACTACAGAGGGTAGCAATGCCGTGAGGTGGAGCCAATCCCTAAAAGTGGTCTCA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAGT
CAGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTGGGTTCACCCGAAGGCGTTGCGCTAACTCGCA
TCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGC
TCGCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCACCCGTCACACCACGAAAGC
TAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGG
AATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGA
AATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGA
AATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGA
AGTAATCGCGGATCAGAATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATG
TCGCAGGTCAGCATACTGCGGCGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGC
GCAGGTCAGCATACTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGCTG
AACTCGCCTGCGTGAAGTCGGAATCGCTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGG
TGAAGCCGGAATCGGTAGTAATGGCGGATCAGCTAGGCCGCCGTGAATACGTTCTCGGGCCTTGCACACA
TCAGCCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGCCATGGGAGCGGGTTC
ATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAG
TCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGA
GGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCATGGGAGTGGGT
TCGCTAGTAATCGTGGATCAGCATGTCACGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACA
CACCGCCCGTCACACCATGGGAGTTGGGTTTACCCGAAGGTGGTGCGCTAACCGCAAGGAGGCAGCCAAC
CGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC
CGCCCGTCACACCATGGGAGTTGGCTTTACCCGAAGACGGTGCGCTAACCCGCAAGGGAGGCAGCCGGCC
TGTACACACCGCCCGTCACACCATGGGAGTTGGTCTTACCCGACGGCGCTGCGCCACCCGCAAGGAGGCA
TCACCCGAAGGCGTTGCGCTAACTCGCAAGAGAGGCAGGCGACCACGGTGGGCTTAGCGACTGGGGTGAA
GTACACACCGCCCGTCAAGCCATGGGAGTGGGTTTTGCCTGAAGTCGCCGGGAGCCGCAGGCAGGCGCCT
TACACACCGCCCGTCACACCATGGGAGTTGGCTTTACCTTAAGCCGGTGCGCTAACCGCAAGGAGGCAGC
GAAACCGTCTTTCAGCTTTCCCTCATGTGAGGGAAAGGATTATCCGGTATTAGCTCCGGTTTCCCGAAGT
GCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGCAACACCCGAA
GATTTCTCCTAGTTGTCCCAGACTTTGGGGTAGGTCACCTACGTGTTACTCACCCGTCCGCCACTAACTG
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CCGTCACACCATGGGAGTTTGTTGCACCAGAAGCAGGTAGCTTAACCTTCGGGAGGGCGCTTGCCACGGT
GACCACGGTAAGATCAATGACTGGGGCGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATC
CACGGTAGGGTCAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATCACC
TGGGTTCTGCCAGAAGTAGGTAGCCTAACCGCGAGGAGGGCGCTTACCACGGCAGGGTTCATGACTGGGG
GGGTTCTGCCAGAAGTAGGTAGCCTAACCGCGAGGAGGGCGCTTACCACGGCAGGGTTCATGACTGGGGT
TGGGAGCGGGTCTCGCCAGAAGTAGGTAGCCTAACCGCAAGGAGGGCGCTTACCACGGCGGGGTTCGTGA
GTTGGGATCGGAGTCTGCAACTCGACTCCGTGAACGTGGAATCGCTAGTAATCGTGGATCAGCCATGCCA
CATGGGAGTTTGTTGCACCAGAAGCAGGTAGCTTAACCTTCGGGAGGGCGCTTGCCACGGTGTGGCCGAT
GTGGGTTTCACCAGAAGAGGCTAGCCTAACCGCAAGGGGGGCGGTCGCCACGGTGAGATTCATGACTGGG
CAGCCGACCACGGTAGGGTCAGTGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCT
GAGTGGGTTTCACCAGAAGAGGCTAGCCTAACCGCAAGGGGGGCGGTCGCCACGGTGAGATTCATGACTG
AGTTGGCTTTACCCGAAGCCGGTGCGCTAACCGAAAGGAGGCAGCCGACCACGGTAGGGTCAGTGACTGG
GCCATGGGAGCGGGTTCTACCCGAAGTCGCCGGGAGCCTTAGGGCAGGCGCCGAGGGTAGGGCTCGTGAC
GTCACACCATGGGAGTGGGGTGCACCAGAAGTCGGTAGCCTAACCGCAAGGAGGGCGCCGCCCACGGTGT
CCATGGgAGTGGGGTGCACCAgAAGTCgGTAGcCTAACCgCAAGGAGGGCGCCGCCCACGGTGTGCTCCA
CgAAGTCGCCGGGAGCCTTAGGGCAgGCgCCgAGGGTAGGGCTCGTGACTGGGGCGAAGTCGTAACAAGG
CGGGTTCTACCCGAAGTCGCCGGGAGCCTTAgGGCAgGCGCCGAGGGTAGGGCTCGTGACTGGGGCGAAg
GAGTGGGTTTCACCAGAAGAGGCTAGCCTAACCGCAAGGGGGGCGGTCGCCACGGTGAGATTCATGACTG
CCATGGGAGTGGGTTTCACCAGAAGTAGGTAGCCTAACCACGAGGGGGGCGCTTACCACGGTGGGATTCA
CCGAAGTTGGTGAGCTAACCCGCAAGGGAGGCAGCCATCGAAGGTATGGCCGGTAATTGGGGTGAAGTCG
GAGCGGGTTCTGCCAGAAGTAGTTAGCCTAACCGCAAGGAGGGCGATTACCACGGCAGGGTTCGTGACTG
CATGGGAGTGGGTTTCACCAGAAGTAGGTAGCCTAACCGCGAGGGGGGCGCTTACCACGGTGAGATTCAT
GACAACACCCGAAGCCGGTGACTTAACCGTAAGGAGAGAGCCGTCGAAGGTGGGGTTGGTGATTGGGGTG
ATGGGAGCGGGTTCTGCCAGAAGTAGTTAGCCTAACCGCAAGGAGGGCGATTACCACGGCAGGGTTCGTG
GTTGGGATCGGAGTCTGCAACTCGACTCCGTGAACGTGGAATCGCTAGTAATCGTGGATCAGCCATGCCA
GGGTTTCACCAGAAGTAGGTAGCCTAACCGCGAGGGGGGCGCTTACCACGGTGGGATTCATGACTGGGGT
AGAGAgGCAGGCGACCGCgGTGGGCTTAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACC
TGACAACACCCGAAGCCGGTGAGCTAACCGAAAGGAGGCAGCCGTCGAAGGTGGGGTTGGTGATTGGGGT
TGACAACACCCGAAGCCGGTGAGCTAACCGAAAGGAGGCAGCCGTCGAAGGTGGGGTTGGTGATTGGGGT
AGTGGGTTTTGCCAGAAGTAGTTAGCCTAACCGCAAGGAGGGCGATTACCACGGCAGGGTTCATGACTGG
GCGGGTTTTACCAGAAGTGGGTAGCCTAACCGCAAGGAGGGCGCTTACCACGGTGGGATTCGTGACTGGG
GCGGGTTTTACCAGAAGTGGGTAGCCTAACCGCAAGGAGGGCGCTTACCACGGTAGGATTCGTGACTGGG
GCGGGTTTTACCAGAAGTGGGTAGCCTAACCGCAAGGAGGGCGCTTACCACGGTAGGATTCGTGACTGGG
GGAGCGGGTTCTGCCAGAAGTGGTTGGCCTAACCGCAAGGAGGGCGTCCACCACGGCAGGGTTCGTGACT
TGACAACACCCGAAGCCGGTGACTTAACCGTAAGGAGAGAGCCGTCGAAGGTGGGGTTGGTGATTGGGGT
ACAACACCCGAAGCCGGTGACTTAACCGTAAGGAGAGAGCCGTCGAAGGTGGGGTTGGTGATTGGGGTGA
TCTTGTACACACCGCCCGCCACACCATGGGAGCGGGTTCTGCCAGAAGTGGGTAGCCTAACCGCAAGGAG
CCGCCCGTCACGCCACGGAAGTCAGTCTTCCCGGAAGCCCTCGGGCTAACCCGCAAGGGAGGCAGAGGAC
TACCCGAAGTCGCCGGGAGCCTTAGGGCAGGCGCCGAGGGTAGGGCTCGTGACTGGGGCGAAGTCGTAAC
TGGGTTCTGCCAGAAGTGGGTGGCCTAACCGGCGACGGAGGGCGCTTACCACGGCAGGGTTCATGACTGG
GGGTTCTGCCAGAAGTAGGTAGCCTAACCGCGAGGAGGGCGCTTACCACGGCAGGGTTCATGACTGGGGT
GTGGGTTCTGCCAGAAGTGGGTAGCCTAACCGGCGACGGAGGGCGCTTACCACGGCAGGGTTCATGACTG
TCTGCCAGAAGTAGGTAGCCTAACCGCGAGGAGGGCGCTTACCACGGCAGGGTTCATGACTGGGGCGAAG
CCATGGGAGTGGGTTCTGCCAGAAGTAGGTAGCCTAACCGCGAGGAGGGCGCTTACCACGGCAGGGTTCA
CACGGTAGGCTCACCGACTGGGGTgAAGTCGTAACAAAGTAGCCGtAGGGGAACCTGCCGCTGGATACCN
CACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCGTAAGGAGCCAGCCGCCTAAgGTGGGACAGAT
ACGGTAGGGTCAGCGACTGGGGTGAAGTCGTAACAAGGTAgCCGTAGGGgAaCCTGCGGCTGGAT
GGCGACCACGGTAGGGTCAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGA
GTCGTAACAAGGTAGCCGTAGGGGAACcTGCGGCTGGATAC
AGGGTAAGGCTCATGACTGGGGCTAAGTCGTAACAAGGTAACTGTACCGGAAGGTGCGGCTGGATACTTG
CGACCACGGTAAGGTCAGCGACTGGGGTGAAGTCGTAACAAGGTAGCCCGTAGGGGAACCTGCGGCTGGA
TATCCCAGTCTTACAGGCAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTGATCTTCAAAAGCAAGCT
GTCGGTGGGGTAACCCTTACGGGAGCCAGCCGCCTAAGGTGGGGCAGATGATTGGGGTGAAGTCGTAACA
CCGAAACAGTCCGTGCGACTTGCATGTCTTAGGCATACCGCCA
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4381-1
4381-3
4381-4
4381-5
4381-15
4381-25
4381-27
A1-11
A1-15
A1-19
A1-23
A1-3
A1-9
AD13
AD17
AD19
AD21
AD23
AD7
RVLT11
RVLT13
RVLT15
RVLT17
RVLT19
RVLT21
RVLT33
RVLT43
RVLT49
RVLT9
PKA1
PKA7
PKA18
PKA19
PKA19B
PKA23B
PKA34
PKA34B
COO1
COO3
COO5
COO25
PKCA1
PKCA2
PKCA4
PKCA5
PKCA35
ROCKI1
FaiI2
FaiI3
FaiI4
FaiI8
COOI1
COOI2
COOI3B
CooI4A
CooI8
CooI9

1480
1490
1500
1510
1520
1530
1540
....|....|....|....|....|....|....|....|....|....|....|....|....|....|
GTGGCCGATGACTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~
ACCTCCTT~~
TCCTTGAGCATGCGACGTCGGGCCCAA~~~
TGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTTAATCGAATTCCCGCGGCC
GAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~
CTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~
CGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGCCTGTTGTACCCGAAGCCG
GACTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~
GTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~
GGATCACCTCCTT~~~
GGGTGAAGTCGTAACAAGGTAGCTGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~
GGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATCACCTCCTT~~
TGGGGCGAAGTCGTAACAAGGTAGCTGTACCGGAAGGTGCGGCTGGATCACCTCCTT~~~
GCTCCATGACTGGGGTGAAGTCGTAACAAGGTAGCAGTACCGGAAGGTGCGGCTGGATCACCTCCTT~~~
TGACTGGGGTGAAGTCGTAACAGGGTAGCAGTACCGGAAGGTGCGGCTGGATCACCTCCTT~
TAGCTGTACCGGAAGGTGCGGCTGGATCACCTCCTT~~~
TCGTAACAAGGTAgCTGTACCGGAAGGTGCGGCTGGATCACCTCCTT~~
GGGTGAAGTCGTAACAGGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~
TGACTGGGGTGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATCACCTCCTT---TAACAAGGTAGCCGTTGGGGAACCAGTGGCTGGATCACCTCCTT~~
GGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~
GACTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCATAA--AAGTCGTAACAAGGTAGCCGTATCGGAGGGTGCGGCTGGATCACCTCCTT~~~
ACTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~
CGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGCCTGTTGTACCCGAAGCCG
GAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATCACCTCCTT~~~
TGCGGCTGGATCACCTCCTT
GAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~~
GAAGTCGTAACAAGGTAGCTNTATGGGAAGTC~~~
GGTGAAGTCGTAACAAGGTAGCTGTATGGGAAG~~~
GTGAAGTCGTAACAAGGGCTGTATGG~~~
GTGAAGTCGTAACAAGGGACTTTATGGCAAGAG~~~
GTGAAGTCGTAACAAGCACCGTGTCAGAAGT~~~
GGGGTGAAGTCGTAACAAGGTACCGTATCGGAAGTGCCAA~~~
GAAGTCGTAACAAGGTAGCCGTATGCGAAGT~~~
AGTCGTAACAAGGTAGCTGTATGGGAAGTGGCAAT~~~
GGCGCTTACCACGGCAGGGTTCGTGACTGGGGTGAAGTCGTAACAAGGTAGCCgTATCGGAAGGTGCGGC
GATGGGAAGGTTGGCAACTGGGGCGAAGTCGTAACAAGGTAGCCGTAGGGGAACCTGCGGCTGGATCACC
AAGGTAGCTGTACCGGAAGGTGCGGCTGGATCACCTCCTT~~~
GGTGAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGGCTGGATCACCTCCTT~~~~~~~
GAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTT~~~~~
GGGTGAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGGCTGGATCACCTCCTT~~~~
TCGTAACAAGGTAGCCGATCGGAAGGTGCGGCTGGATCACCTCCTT~~~~~~~~~~
TGNCTGGGGTGAAGTCGTAACAAGGTAGCCGTATCGGAAGGTGCGGCTGGATCACCTCTTT~~~~~~~
GG
GATTGGGGTgAAGTCGTAACAAGGtAGCCGTATCGGAAGGTGCGGCTGGATCACCTCCTTAA

NTN
TACTCTNTTAGGGGGGGG
AATGAAGATCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCAGGAT
AGGTAGCCGTATCGGAAGGTGCGGCTGGA
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4381-1
4381-3
4381-4
4381-5
4381-15
4381-25
4381-27
A1-11
A1-15
A1-19
A1-23
A1-3
A1-9
AD13
AD17
AD19
AD21
AD23
AD7
RVLT11
RVLT13
RVLT15
RVLT17
RVLT19
RVLT21
RVLT33
RVLT43
RVLT49
RVLT9
PKA1
PKA7
PKA18
PKA19
PKA19B
PKA23B
PKA34
PKA34B
COO1
COO3
COO5
COO25
PKCA1
PKCA2
PKCA4
PKCA5
PKCA35
ROCKI1
FaiI2
FaiI3
FaiI4
FaiI8
COOI1
COOI2
COOI3B
CooI4A
CooI8
CooI9

1550
1560
1570
1580
1590
1600
1610
....|....|....|....|....|....|....|....|....|....|....|....|....|....|
~

GCCATGGCGGCCGGGAGCATGCGACGTCGGG~~
GTGAGCTAACCCGCAAGGGAAGCAGCTGTCTAAGGTATGGCTGGTGATTGGGGTGAAGTCGTAACAAGGT

GTGAGCTAACCCGCAAGGGAAGCAGCTGTCTAAGGTATGGCTGGTGATTGGGGTGAAGTCGTAACAAGGT

TGGATCACCTCCTT~~~
TCCTT~~~
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1620
1630
1640
....|....|....|....|....|....|....|....
4381-1
4381-3
4381-4
4381-5
4381-15
4381-25
4381-27
A1-11
A1-15
A1-19
A1-23
A1-3
A1-9
AD13
AD17
AD19
AD21
AD23
AD7
RVLT11
RVLT13
RVLT15
RVLT17
RVLT19
RVLT21
RVLT33
RVLT43
RVLT49
RVLT9
PKA1
PKA7
PKA18
PKA19
PKA19B
PKA23B
PKA34
PKA34B
COO1
COO3
COO5
COO25
PKCA1
PKCA2
PKCA4
PKCA5
PKCA35
ROCKI1
FaiI2
FaiI3
FaiI4
FaiI8
COOI1
COOI2
COOI3B
CooI4A
CooI8
CooI9

AGCCGTAGGGGAACCTGCGGCTGGATCACCTCCTT----

AgCCGTAGGGGAACCTGCGGCTGGATCACCTCCTT~~~
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