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ABSTRACT

Sediment is a special habitat in freshwater ecosystem and harbors a variety of heterotrophic bacterial
communities. Studying bacterial diversity has an important role for a better understanding of the
functioning of aquatic systems however, studies on biodiversity have mainly focused on
macroorganisms and little attention have been directed toward microorganisms. The objective of this
study was to investigate the diversity and spatial variability of heterotrophic bacteria and evaluate
efficacy of two culture media on isolation of bacteria from the sediment of Lake Zengena. Sediment
samples were collected from two sampling sites of Lake Zengena via corer sampling device
aseptically. Sediment samples were plated in triplicate aerobically on TSA media for three days and
R2A media for five days at 25°C following a serious of serial dilution technique. A total of 200
isolates were picked, purified and grouped into 73 Operational Taxonomic Units (OTUSs) according
to Bergey’s manual of determinative bacteriology from the basis of the result of gram stain, colony
morphology and biochemical tests. Diversity indices were used to measure the diversity between sites
and media type. Analysis of variance was used to test the mean difference of Operational Taxonomic
Units (OTUs) abundance between sites and media. Seventeen of the 73 OTUs were common for both
sites and had 61(30%) isolates and fourteen OTUs were common for both media types and
represented by 53 (26.5%) isolates. There were 29 and 27 unique OTUs in site one and two
respectively. Moreover, R2A media had 29 unique OTUs while TSA media had 22 unique OTUs and
variation in both sites and growth media indicate different bacterial abundance. Members of the
cultured bacterial community in this study were identified into 9 genera belonged to 4 phyla:
Proteobacteria, Actinobacteria, Firmicutes and Bacteroidetes. There was a statistically significant
difference in OTUs abundance between sites at (p=0.014) and media type at (p=0.02). OTUs
diversity was higher in R2A media site one (H=3.269) than TSA media site one (H=3.082).
Furthermore, OTUs diversity was higher in R2A media site two (H=3.167) than TSA media site two
(H=3.054) due to varied composition of organic compounds in the growth media. The result of this
study revealed that sediment bacterial communities in Zengena Lake were diverse and mainly
composed of phyla that are typical to freshwater sediment. Future work needs to identify each OTUs

at the species level to understand the ecological role of the bacterial community.

Key words: Bacteria, Culture-based method, Diversity, Lake Zengena, Sediment



1. INTRODUCTION

1.1. Background of the study

Freshwater lake ecosystems are among the most valuable and widely used natural systems
worldwide and they give significant ecosystem services to many millions of people (Zhang et
al., 2018). Freshwater environments provide excellent habitat for microorganism and they differ
from other marine environments in many ways including salinity, average temperature, depth
and nutrient content. They are highly variable in the resource and condition available for
microbial growth. A large number of microorganisms in a body of freshwater lake generally

indicate a high nutrient level in the water (Aryal et al., 2015).

Sediment is a special habitat among the aquatic ecosystem and the numbers of microorganisms
are much divers than the corresponding water part. Sediment sustains a matrix of complex
nutrients and solid surface for microbial growth by receiving deposition of microbes and
organic matter from the upper water layer (Zinger et al., 2011). Most freshwater sediment is
quite diverse ecosystem, which give rise to different environmental niches even on a millimeter
scale. They, therefore, entertain highly complex microbial communities concerning species
composition and metabolic activity (Ren et al., 2019).

The microbial community composition and the process mediated by microbes in aquatic
sediments are subjected to several controlling factors. A study showed that bacterial activity in
lake sediment is greatly affected by the amount of organic matter and nutrient elements in
addition to other factors such as pH and redox potential (Jiang et al., 2006). Organic matter that
accumulates at the bottom of the lake can be turned into mineral and gas by microorganisms
thereby releasing nutrients into the water body and the atmosphere. The physicochemical and
biological processes in lake profile maintain the diversity of microorganisms by providing
suitable habitat that enhances their metabolic activities. Bacterial communities from nutrient
rich sediment have found to display a high range of catabolic response to allochtonous carbon
sources because of their ability to use different types of substrates, but nutrient poor lake
sediment showed reduced efficiency. Therefore, depending on the nutritional status of inland
waters (oligotrophic, mesotrophic and eutrophic), the sediment may not have the same organic
matter content and consequently may have a different microbial community (Torres et al.,
2011).



Microbial biomass and activity are fundamental variables in determining the importance of
microorganisms in a particular environment. In the freshwater ecosystem, microbial
communities harbored in the sediment play a key role in biogeochemical cycling due to their
involvement in the transformation of elements, organic matter demineralization and
biochemical degradation (Holmer and Storkholm, 2001). Bacterial activity and biomass are
generally high near the surface of sediment but decrease with depth. Regarding the high
abundance of bacteria in sediment, the bacterial activity in that respect is often low. This
implies that the cell specific activity of sediment bacteria is low or that only a small fraction of
the bacterial community is metabolically active (Fischer et al., 2002). In addition to the
ecological role in sediment ecosystems, bacteria are nowadays gaining attention for their

byproducts and are being extract for the production of useful chemicals (Gurung et al., 2013).

In their natural habitat, microorganisms coexist in mixed communities, the complexity of which
is specific to a particular environment. Identification of these bacterial population into the
different group have fundamental importance to microbial systematics and scientists involved in
many other areas of applied research and industry. Accurate identification requires a system of
ordering organisms into groups as well as an unambiguous nomenclature for naming them
(Truper and Schleifer, 2006). Culture based studies and molecular techniques are the common
methods for identification and characterization of ecologically significant prokaryotes.
Although efforts have been made to reveal the microbial ecosystems in freshwater sediment
based on traditional cultivation methods, about 0.001 to 0.25% in the sediment of the total cell
count in the environmental sample can be cultured (Tamaki et al., 2005). Hence, the traditional
cultivation method cannot be directly applied to the whole microbial diversity analyses.
However, cultivation based study remains important, because the ecological role of prokaryotes
in a natural environment can assessed only when they are successfully cultured and

characterized.

Culturing of an organism depends on essential macronutrients and growth factors in isolation
media (Bollman et al., 2007) however, the majority of culture media used to date have been
nutrient-rich. These conditions may favor the growth of faster-growing bacteria at the expense
of slow-growing species, some of which thrive in nutrient poor environments (Connon &
Giovannoni, 2002). Thus, efficient cultivation of heterotrophic bacteria from different biotopes
of oligotrophic habitats requires growth media that contain not only low nutrient concentrations

but also mineral and vitamin components.



The important features of bacterial community in particular niche are characterized by the
number of species present and their numerical compositions, which is known as bacterial
diversity. Studying bacterial diversity have an important role in understanding the functioning
of aquatic systems, provides potentially descriptive information about the degree of
contamination and trophic status (Sigee, 2005). To compare the bacterial diversity from samples
of microorganisms, varieties of approaches have used. Shannon-Weaver and Simpson diversity
indices are widely used in bacterial diversity measurement by means of operational taxonomic
unit (OTU). Bacterial diversity index depends on both specie richness and the evenness (Kim et
al., 2017).

The microbial diversity in freshwater sediments ware studied in different parts of the world as
well as in Africa. For instance, in Lake Kasumigaura in Japan (Tamaki et al., 2005); Poyang
Lake in China (Kou et al., 2016); in Lake Pamvotis Greece (Touka et al., 2018), plateau
freshwater lakes (Zhang et al., 2015) and in sediment of different Kenyan Lakes (Baringo and
Victoria) (Dadheech et al., 2009). These study shows that the freshwater lake sediment contains
a variety of bacteria such as Proteobacteria, Actinobacteria, Bacteroidetes, Firmicutes,
Nitrospirales, Acidobacteria, and Planctomycetes. Ethiopia possesses different freshwater Lake
including Lake Zengena but to my knowledge, information about bacterial diversity in the
sediment ecosystem is limited. Thus, this study conducted to identify diversity and abundance

of heterotrophic bacteria from sediment samples of Lake Zengena by culture based technique.

1.2. Statement of the problem

Studies on biodiversity and its relations to ecosystem structure and functions have mainly
focused on macroorganisms and little attention have directed toward microorganisms (Shen et
al., 2014). However, studying microbial diversity has become an important issue due to their
role in energy and matter transformation. Knowledge about bacterial community structure and
diversity is vital to understand the relationship between environmental factors and ecosystem
functions. Such knowledge used to evaluate the effect on ecosystems of environmental stress
and perturbations like pollution, agricultural exploitation and global changes. Likewise, in Lake
Zengena some researcher conducted their studies in terms of physicochemical characteristics of
the lake water (Goraw Goshu, 2007), community based ecotourism development (Zemenu
Bires, 2017) and floristic diversity (Desalegn Tadele et al., 2014). In contrast, lake bacterial
diversity remains untouched. Thus, this study intended to investigate the diversity of
heterotrophic bacteria from the sediment of Lake Zengena using culture dependent technique.
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1.3. Objectives of the study
1.3.1. General objective

The general objective of this study was to investigate the diversity and spatial variability of
heterotrophic bacteria and evaluate efficacy of two culture media on isolation of bacteria from

the sediment of Lake Zengena.

1.3.2. Specific objectives

e To investigate the diversity of heterotrophic bacteria from the sediment of Lake Zengena
using culture based technique

e To determine special variability on the bacterial diversity of Lake Zengena sediment

e To evaluate the effect of media type on the diversity of bacteria isolated from the

sediment of Lake Zengena
1.4. Significance of the study

Microbial diversity is the key to human survival and economic wellbeing and provides a huge
reservoir of resources that we can utilize for our benefit. Microbes are able to recycle nutrients,
produce and consume gases that affect the global climate, destroy pollutants, treat our wastes
and they can used for biological control of plant and animal pests. Since sediment contains
diverse microbial communities, studying them also indirectly indicates their important role in
ecosystem functioning and processes such as biogeochemical cycles and nutrient
transformation. Thus, this study has an important indication for the optimization of integrated
ecosystem assessment of freshwater lake sediment and provides interesting information for the

conservation of bacterial diversity in the lake ecosystem.

1.5. Scope of the study

This study covers mainly the heterotrophic bacterial diversity and abundance using culture
based techniques. Geographically, this study was covered Lake Zengena sediment, which is
located in Banja Woreda, Awi Nationality Administration. Particularly the research was focused

to identify heterotrophic bacterial diversity in two sediment sites.



1.6. Limitations of the study

Studying heterotrophic bacterial diversity in the deepest part of the lake sediment was the main
limitation of this work. Additionally, the study was limited to anaerobic cultures, the
physiological characteristics of the isolates in terms of pH, temperature and salt, molecular

characterization and identification to species level by using more biochemical tests.



2. LITERATURE REVIEW

Microbial diversity that we see today is the result of nearly billions of years of evolutionary
change. This diversity can viewed in several ways such as cell size and morphology,
physiology, motility, pathogenicity, adaptation to the different environmental conditions and
mechanism of cell division (Madigan et al., 2012). Microbial diversity at the species level
consists of two components. The first component is the total number of species present, which
IS species richness, or it refers to the variation among species. The second component is the
occurrence of individuals among these species referred to as evenness. One major difficulty is
that evenness is unknown in bacterial systems because individual cells very rarely identified to

the species level (Harpole, 2010).

The diversity of the Operational Taxonomic Unit (OTU) or even communities may give us a
better estimation of the functioning of an ecosystem. Species diversity is a community
parameter that pertains to the degree of stability of that community. Any diversity index must
measure the diversity of information kept within the community. Well-structured communities
that cover a particular level of diversity are stable (Yannarell and Triplett, 2005). If some kind
of stress introduced to this community, the stability may fail and the diversity will change.

2.1. The diversity heterotrophic bacteria in freshwater lake sediments

Freshwater bacteria are a very different group of prokaryote organisms, varying in their
morphology, physiology and ecological preferences. Bacteria are able categorized into various
natural assemblages based on characteristics such as cell shape, spore-forming abilities, oxygen
requirement for growth and other cellular characteristics. Most bacteria in freshwater

environments are Gram-negative, with few Gram-positive representatives (Sigee, 2005).

The majority of freshwater microorganisms are heterotrophic which obtain their energy by
using complex organic compounds as a source of carbon. Bacteria are widespread throughout
the freshwater environment, forming extensive pelagic and benthic populations in lakes. Even if
some bacteria, such as Escherichia coli, are present as accidental contaminants, most freshwater
bacteria have close physiological adaptations to their environment thus; strict anaerobes are
confined to anoxic sediments. In some cases, particular organisms (e.g. Bacillus pituitans) have
a very restricted habitat range, while others such as Pseudomonas aeruginosa are very
widespread being routinely found in freshwater, soil and aerial samples (Sigee, 2005).



Bacterial diversity is the key to human survival and economic security as it provides a variety
and reservoir of resources that can be utilized by humans for their benefits (Berdy, 2005).
Diverse microbes mainly bacteria play an important role in biological products such as
antibiotics, drugs, enzymes, herbicides and growth promoters useful to humans. The study of
bacterial diversity is also important to solve new and emerging challenges like diseases and to
give a boost to biotechnology. Exploration, evaluation, and exploitation of bacterial diversity

are essential for scientific, industrial and social development (Bhat, 2013).

Previous studies based on both culture-dependent and culture-independent methods have been
able to identify a broad range of bacteria phylum in freshwater lake sediments. These include
Proteobacteria (B-, y-, 6- and o-Proteobacteria), Acidobacteria, Actinobacteria, Bacteroidetes,
Chlorobi, Chloroflexi, Firmicutes, Gemmatimonadetes, Nitrospirales, Planctomycetes and
Verrucomicrobia (Kou et al., 2016; Tamaki et al., 2005 and Touka et al., 2018, plateau
freshwater lakes (Dadheech et al., 2009; Zhang et al., 2015).

2.1.1. Phylum Proteobacteria

The phylum Proteobacteria is a group of Gram-negative bacteria encompassing the majority of
recognized agriculturally, industrially and medically relevant organisms and therefore is the
most studied group of the bacterial phyla. The phylum was formally established using
phylogenetic analysis of 16S rRNA gene sequences by Garrity et al. (2005) with five
constituent classes. This phylum contains all known Gram-negative bacteria like
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Deltaproteobacteria and
Epsilonproteobacteria (McAllister et al., 2011). This group of bacteria, considered as purple
bacteria that encompass a very complex assemblage of phenotypic and physiological attributes
including many phototrophs, heterotrophs and chemolithotrophs. The proteobacterial group is
of great biological significance as it includes a large number of known human, animal and plant
pathogens (Gupta, 2000).

2.1.2. Phylum Actinobacteria

This phylum comprised Gram-positive organisms with a high G+C content constitutes one of
the largest phyla within the bacteria (Stackebrandt and Schumann, 2006). The different genera
in this phylum show vast diversity in terms of their morphology, physiology and metabolic
abilities (Stach and Bull, 2005). The morphologies of Actinobacteria species vary from coccoid

(e.g. Micrococcus) or rod-coccoid (e.g. Arthrobacter) to fragmenting hyphal forms (e.g.
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Nocardia) or differentiated branched mycelia (e.g. Streptomyces). Spore formation is not
ubiquitous among Actinobacteria even if it is common. The species of this group also exhibit
plentiful physiological diversity, as evidenced by their production of a variety of extracellular
enzymes and metabolic products like antibiotics (Chater et al., 2010). Molecular studies
revealed that members of the Actinobacteria are common and often numerically important

components in a variety of freshwater habitats (Zwart et al., 2002).

The freshwater Actinobacteria are present in the bottom water (hypolimnion) and sediment of
Lake Ecosystem (Boucher et al., 2006), but their abundance often decreases with decreasing
oxygen concentrations (Allgaier and Grossart, 2006). This high level of abundance in the
epilimnion has proven to be consistent across lake types, as the Actinobacteria are common
among oligotrophic (Humbert, 2009), mesotrophic (Zeder, 2009) and dystrophic (Newton et al.,
2006) lakes.

2.1.3. Phylum Bacteroidetes

The phylum Bacteroidetes are found in various environments including freshwater sediment,
marine habitats and soda lakes (Humayoun et al., 2003), indicating their divers in nature.
Bacteroidetes are commonly known to dominate particle-associated bacterial communities of
freshwaters and found at depth in lakes, where they may degrade recalcitrant
macromolecules (Yannarell and Kent, 2009). They also known to be abundant and play an
important role as a major degrader of organic compounds in saline and freshwater

environments (Krieg et al., 2010).

This phylum consists of a Gram-negative rod that exhibits enormous phenotypic and
metabolic diversity (Newton et al., 2011). Within the Bacteroidetes there are three distinct
classes including Bacteroidetes, Flavobacteriales and Sphingobacteriales. In Lake Epilimnia,
biopolymers degradation can occur mainly due to these bacteria. The Lake Bacteroidetes
abundance increases following cyanobacteria blooms and can sometimes account for more
than 40% of the total bacterial biomass in a lake (Zwart et al., 2002).

2.1.4. Phylum Firmicutes

This phylum mostly contains a Gram-positive cell wall structure. The Firmicutes phylum
includes all Gram-positive bacteria, but scientists recently defined them to be one of a central
group of related forms called the low-G+C group. Firmicutes play an important role in the

fermentation processes like beer, wine and cider spoilage. The group typically divided into
8



the Clostridia, which are anaerobic, the Bacilli, which are obligate or facultative aerobes (Wolf
et al., 2004). Spore forming Firmicutes contain both autotrophs and heterotrophs, many of
which used as classical organisms for different studies. Chemolithoautotrophs include a variety
of hydrogen oxidizing bacteria that grow by reducing sulfur, sulfate or nitrate (Chivian et al.,
2008) and others grow by oxidizing minerals, including ferrous iron (Galperin, 2013).

2.2. Spatial diversity of bacteria in sediments

Understanding the mechanisms that generate and sustain biodiversity is vital to predicting
ecosystem responses to future environmental changes. The difference in community
composition with geographic distance is a universal biogeographic pattern observed in
communities from all domains of life (Green et al., 2004). The spatial distributions of bacterial
communities in sediment may be driven by many environmental factors. Thus, understanding
the interactions between bacterial distribution and environmental factors is vital for

understanding sediment stability and the functioning of freshwater lake ecosystem.

Several studies reveal that bacterial distributions may be spatially predictable rather than
random (Ettema and Wardle, 2002). Differences in environmental factors along sediment
horizontal gradients largely govern bacterial community composition and diversity like water
content (Badin et al., 2011), C and N availability (Lin et al., 2012), temperature (Redmond and
Valentine, 2012) and pH (Lindstrém et al., 2005).

Unique characteristics of bacterial biology like small size and environmental hardiness may
prevent bacteria from exhibiting spatial variability. Furthermore, if they are flexible in habitat
requirements and physiological abilities, or if they can easily obtain traits through horizontal
gene transfer that are necessary for survival in a given habitat, then taxa—area relationship may

not expected (Horner-Devine et al., 2004).

2.3. Media for cultivation of bacteria from sediments

The majority of culture media commonly used to date have been complex in nutrient contents.
It is now thought that these conditions may favor the growth of faster-growing bacteria at the
expense of slow-growing species, some of which thrive in nutrient poor environment (Connon
& Giovannoni, 2002).



Many bacteria, found in oligotrophic environment, are very slow growing. Growth media with
low nutrient contents and long incubation times are essential for the cultivation of such bacteria,
with the added advantage that faster-growing members within the mixed populations
progressively die off over time, decreasing the bacterial competition. The culture of biofilm
bacteria via R2A media for five up to 7 days has revealed increasing colony counts and an
increased recovery of isolates with time (Sukhanova et al., 2019). Similarly, long-term
incubation for up to 28 days has been successful for the isolation of heterotrophic bacteria
(Segawa et al., 2011).

Some bacteria are frankly resistant to culture in isolation on conventional media. Certain
bacteria have fastidious growth requirements including specific nutrients, pH conditions,
incubation temperatures or levels of oxygen in the atmosphere. Kopke et al. (2005) investigated
the effect of different substrates and culture conditions on the growth of bacteria from different
samples of coastal sediments and found that the several cultivation approaches resulted in the

isolation of different groups of bacteria specific to each method.

2.4. Factor affecting bacterial communities in Lake

Understanding the factors determining the bacterial community composition in freshwater
ecosystems can potentially help in the assessment of the physical condition of these systems
because microbes respond fast to the fluctuation of environmental conditions by particular
changes that are detectable physiologically and metabolically. Recent studies in microbiology
show the extent to which variation in microbial communities shaped by deterministic processes
and how these associates to variation in local environmental parameters such as
physicochemical environment, climate, overlying plant community and disturbance regime or

evolutionary events (Bandh et al., 2019).

The physical properties of water exert important and wide-ranging influence on the biology of
freshwater microorganisms through their effects on the nearby aquatic environment. The
physicochemical properties of the Zengena Lake show no significant seasonal changes in
conductivity, turbidity, total dissolved solids and pH observed (Goraw Goshu, 2007). This may
indicate that mixing of the water column due to either internal waves or wind action is absent.
The previous study shows the surface water temperature of the lake ranged from 19 to 26 °C,
dissolved oxygen from 4 to 10 mg 1™, turbidity from 5 to 30 NTU and pH from 7.7 to 8.7. The
conductivity of water ranged from 55 to 185 pS cm™, total dissolved solids from 33 to 150 mg

1 and nitrate from 2.6 to 4.5 mg 1™ Nos —N.
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The abundance of bacteria in the aquatic environment can also depend on numerous factors
including the concentration of pathogens, the size of the watershed, human activities, land use
management practices and the extent of aquatic plants and sediment (Liang et al., 2013). Water
bodies partly or fully covered with pastures are more contaminated than those located within
forests and cultivated areas (Johnson et al., 2010). Zengena Lake is covered with different plant
species. A previous study on floristic diversity shows that 50 woody plant species belonging to
31 families found in the lake surrounding (Desalegn Tadele et al., 2014) and these involve in
the composition of bacterial diversity. The direct excretions of animals to water bodies are also
a source of bacteria (Islam et al., 2018). Lake Zengena is rich with a range of wildlife that

constitutes birds, reptiles, fish and mammals.

2.5. Methods of studying bacterial diversity

Cultivating bacteria means to put them in conditions fortunate enough to allow their
development. These conditions include the definition of physicochemical and metabolic
parameters (temperature, pH, salinity and oxygen) which allow the cell for access to an energy
source and nutrient. During the culturing of a sample, microorganisms placed in a new

environment that carried out on different growth media types (Maier et al., 2009).

Approaches for assessing microbial diversity can categorize into two group mainly culture-
dependent and culture-independent approaches. Approaches to investigating microbial
ecosystems in freshwater sediment based on conventional culture methods are important since,
via this approach, the ecological role of the cultivated and characterized prokaryotes can be
estimate. However, using this method, only minute fractions of the bacteria get cultivated,
leaving a vast majority uncultivated. Over the years, significant advancements have made to
minimize some of the drawbacks of culture-based methods (Mwirichia et al., 2010).
However, it is realized that the majority of microbes could not still be enumerated by using
cultivation approaches, mainly due to the lack of information on microbial ecology, biology

and hence cultivation techniques.

Culture-independent methods based on small subunit rRNA has also used for studies of
microbial diversity in freshwater sediment (Altmann etal., 2003; Purdy et al., 2003). A
combination of two or more approaches is likely to provide a more comprehensive picture of
bacterial diversity in an environmental sample since there is a likelihood that the drawback of

one method could overcome by another method.
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2.5.1. Dilution plating and plate counts

Successful isolation and cultivation of bacteria critically depend on the selection of suitable
growth media and incubation conditions. The most traditional cultivation method for
assessment of microbial diversity is selective and differential plating and following viable
counts. Counts of viable (metabolically active) heterotrophic bacteria can readily carried out
by plating bacteria on agar plates and counting the number of colonies that develop an isolated
colony. Bacterial counts expressed as colony-forming units (CFU), records those organisms

that can grow and multiply on the nutrient media (Mwirichia et al., 2010).

This method is fast, cheap and offers information about the active and culturable heterotrophic
microbial population. Factors that limit the use of these methods include the difficulties in
selecting suitable growth media, provision of specific growth conditions, inability to culture a
large number of bacterial species through techniques available at present and the potential for
inhibition or spreading of colonies other than our interest. The culturable portion of the
microbial community is an important ecological parameter and it is important to assess bacterial
activity (Tabacchioni et al., 2000).

2.5.2. Isolation and identification of bacteria

The identification of individual bacterial species involves laboratory culture, isolation and
characterization. ldentification of bacteria into a different level of classification like families,
genera and species is based on a variety of phenotypic characteristics and biochemical
attributes (Konneke et al., 2005). The first step in the identification procedure is to accumulate
information that pertains to the organism’s morphological, cultural and biochemical

characteristics.

The phenotypic identification provides direct functional information that reveals what
metabolic activities are taking place to aid the survival and growth of the bacteria. Phenotypic
methods are accurate and reliable even if having its limitations. However, this technique is
solely applicable for cultivable organisms, time consuming and variability of culture due to
different environmental conditions may lead to ambiguous results and subjective interpretation
(Bosshard et al., 2004).
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2.5.3. Bacterial diversity measures

There are many ways to measure diversity and methods vary in the particular aspect of diversity
that they measure, their sensitivity to different abundance and their failings. The numbers of
existent species and their numerical compositions characterizes the significant features of
bacterial communities in certain niche. Different diversity indices used for bacterial diversity
measurement using operational taxonomic units (OTUs) (Lozupone and Knight, 2008). OTUs
inferred to exist based on sequence data and can defined at different levels of resolution

(phylum, class, order, family, genus, and species).

For the study of microbial community diversity, there is no overall covenant on which diversity
index is appropriate to use (Hughes and Bohannan, 2004). However, the uses of Shannon-
Weaver and Simpson diversity indices have been suggested to measure microbial diversity
(Haegeman et al., 2013). Shannon-Weaver and Simpson's diversity indices give more inference
about the community structure than simple species richness or evenness. A diversity index
depends on both species richness and the evenness concerning relative abundances. However,
both diversity indices have specific biases. The Shannon-Weaver index seats a greater weight
on species richness, while the Simpson index reflects species evenness more than species

richness in its measurement (Schloss et al., 2009).

Besides, the Shannon-Weaver index measures the average degree of uncertainty in predicting
where individual species chosen at random will belong. The value increases as the number of
species increases and as the distribution of individuals among the species become even (Lemos
et al., 2011). On the other hand, the Simpson index indicates the species dominance that
considers the probability of two individuals that belong to the same species being randomly

chosen and ranges from zero to one.

2.6. Role of sediment bacteria

Lake sediment is important grounds for series of biogeochemical cycling of essential nutrients
(carbon, nitrogen and phosphorus) and contaminants (Bouskill et al., 2010). Sediment
microorganisms especially bacteria play a great role in these critical processes. Bacterial
mediated transformations in sediment lead to an active exchange of energy and materials with
the water column and intimately unite sedimentary processes with other different aquatic
ecosystem function (Ranjard et al., 2000; Urakawa et al., 2000). Bacterial community
composition (BCC) in freshwater lakes has extensively studied partly because of their abilities
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in predicting biogeochemical functions. Early studies have shown that lake sediment BCC may
affected by physicochemical factors such as pH, temperature, streamflow and nutrient

concentrations (Sauvain et al., 2014).

Bacteria play a key role in the processes of decomposition of organic matter accumulated in
freshwater beaches. Most of the organic matter in aquatic ecosystems consists of compounds of
a high molecular weight and polymeric structure mainly proteins, starch, lipids, pectin,
cellulose, chitin, nucleic acids or lignin. For heterotrophic bacteria, those high molecular weight
biopolymers contain an important source of carbon, nitrogen and energy used for biosynthesis
or respiration (Patel et al., 2000). As polymeric molecules are too large to be directly
incorporate into bacterial cells, they have to be decomposed by extracellular enzymes into
smaller and simpler compounds that can easily diffuse into the periplasmic space (Hopp et al.,
2002). Many heterotrophic bacteria have genetic and metabolic abilities to produce and control
extracellular enzymes which can breakdown and change a large variety of natural polymers in

aquatic environments (Mudryk and Skorczewski, 2004).

Besides their ecological role, sediment microorganisms are nowadays also gaining attention for
their byproducts. Most aquatic sediment bacteria are a rich source of hydrolytic enzymes such
as amylases, lipases, proteases, phospholipase and catalases, which have industrial importance
(Keller and Zengler, 2004). Microorganisms have become important as producers of industrial
enzymes due to their biochemical diversity and ease with which enzyme concentration may

increase by genetic and environmental manipulation (Pandey et al., 2000).
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3. MATERIALS AND METHODS

3.1. Description of the study area

Lake Zengena is a crater lake found in Banja Woreda of Awi zone at an elevation of 2523m
above sea level. The absolute geographical position of Lake Zengena is 10° 54' 50" N, 36° 58'
00"E and the diameter of the lake reaches 930 meters from North to South and 970 meters from
East to West. Lake Zengena covers a surface area of about 20 - 25 hectares and a maximum
depth of 166 meters in the middle of the lake. The main rainy season ranges from mid-June to
mid-October with maximum rainfall occurring between July and August and mean annual
rainfall ranging between 1,300 and 1,800 mm. The mean annual temperature ranges between 16
and 20°C (Banja Woreda stastical office, 2020).

The Lake is circular and it is a closed basin probably formed through volcanic eruption. Like
the other crater lakes, it is circular and surrounded by cliff covered with vegetation. There are
no permanent rivers which tribute to the lake and no outlet. Lake Zengena is surrounded by
forest with different woody plant species (Desalegn Tadele, 2014). The Lake has both exotic
and native fish species (Yared Tigabu, 2010) and serves tourism resources (Zemenu Bires,
2017). The map of study and specific location of area is shown below figure 1.
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Figure 1: Map of Ethiopia showing the study site

3.2. Study design and period

The experimental study design was conducted to study heterotrophic bacterial diversity and
abundance from the sediment of Lake Zengena from January 2020 to June 2020. Experimental
procedures were also used for characterization and identification of heterotrophic bacteria. The
study was conducted on two sites and two culture media type based on the following design
(Table 1).

Table 1: The different culture types indicating both media type and sites

No Code Culture type description

1 S1R2A Site one and R2A media
2 SITSA Site one and TSA media
3. S2R2A Site two and R2A media
4 S2TSA Site two and TSA media
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Figure 2: Workflow of sample collection to identification of bacterial genera

3.3. Sampling sites and sample collection

To study sediment microbial community, sediment samples were collected from two sampling
sites. These sites were chosen to cover lake with human activities and free from human activates
as the nature of the lake has only one entrance site. Site one is located at 36.96° 33' 60" N,
10.91° 59' 01" E (near the entrance of the Lake) and site two is located at 36.96° 44' 66" N,
10.91° 15' 36"E (far from the entrance of the Lake) (figure 1). The two sediment samples were
collected using sterilized corer sampler on January 4/2020 and transferred to sterilized 1L glass
bottle. Sediment samples were collected aseptically kept in the icebox, transported to Bahir Dar
University, department of Biology microbiology laboratory, and stored at 4°C until laboratory

analysis was performed.
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3.4. Isolation of bacteria

Isolation of heterotrophic bacteria was done by the spread plate method as described by
Hayakawa (2008) with a few modifications. A stock solution was prepared by diluting 1g of
sediment in 9 ml of sterile physiological saline water and shake well by using a vortex mixer.
From the stock solution, 1 ml was used to prepare serial dilution up to 10 ® and from five

consecutive dilutions (10'2- 10'6) 0.1 mL was spread on Tryptone soy agar (TSA) (MERCK,
Germany) and R2A agar media (appendix 1) in triplicate aseptically. The plates were incubate
aerobically at 25°C for 3 days and 25°C for 5 days respectively. After successful growth, the
pure cultures of bacteria were subcultured in nutrient broth (HIMEDIA, India) and store in 40

% glycerol for subsequent studies (figure 2).

3.5. Isolation and characterization of bacterial isolates

For identification of isolates, the bacterial colonies were selected by considering their color,
size, shape, elevation, margin, surface texture and consistency. Bacterial isolate were
characterized and identified based on their colony morphological features, gram reactions and
biochemical characteristics. After incubation, 50 morphologically distinct colonies from each
culture were selected randomly from a plate containing 30-300 colonies. Although colonies
were selected at random, an effort was made to ensure that representatives of all distinct colony
types present on the plates were included in the colonies transferred. They further characterized
based on selected tests for each group as per Bergey’s Manual of Determinative Bacteriology

(Bergey and Holt, 1994).
3.5.1. Morphological characterization

Morphological characterization of isolate was based on conventional macroscopic techniques of
shape, size, margin, color, opacity, elevation, surface and texture of pure colonies. These colony
characteristics of isolates were described using standard microbiological criteria to give

suggestive information as to the identification of an organism (Sousa et al., 2013).

The shape of the cell (rod, cocci and spiral) was noted down from the freshly grown culture of

bacteria microscopically. Classification of the isolates as Gram positive or Gram negative was

done by following standard method of gram stain reaction and for confirmation, a 3% KOH

sensitivity test was also performed as the test used to quickly identify Gram negative and Gram

positive bacteria. Spore staining abilities of isolates and motility were tested by following the
18



Schaeffer-Fulton method and agar stabbing method respectively (Cappuccino and Sherman,
2002).

3.5.2. Biochemical characterization

The identification of isolated bacteria was carried out by subjecting the bacterial colonies to
different biochemical tests. The common biochemical tests performed in this research were
catalase test, triple sugar iron test, mannitol fermentation, indole production, methyl red, Voges
Proskauer test and citrate utilization tests (Cappuccino and Sherman, 2002).

3.6. Data Analysis

Rarefaction curve was calculated to determine the sample sufficiency. The computer based
Statistical Package for the Social Science (SPSS version 21 for windows) was used for data
analysis. One-way ANOVA was applied to test for significant differences in bacterial diversity
between sites and media type (P <0.05, at a = 0.05). The evenness and richness of each culture
in terms of the operational taxonomic unit were analyzed using Simpson’s index and Shannon

Wiener index of diversity.
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4. RESULTS AND DISCUSSION
4.1. Heterotrophic bacterial count for Lake Zengena sediment

The HPC was based on the enumeration of the growth of heterotrophic culturable
microorganisms on non-selective media (R2A and TSA) under defined cultivation conditions.
The mean heterotrophic plate counts (HPC) of bacteria range from 1.2x10® CFU/g in site one
TSA media to 2.1x10° CFU/g of sediment site two R2A media. Bacterial counts in R2A media
were greater than TSA media in both sites (Figure 3). This indicates R2A media increases the
cultivability of heterotrophic bacteria. This finding is similar to the other report, in which the
count of heterotrophic bacteria was higher in R2A than TSA growth media. Sukhanova et al. (
2019) reported that that the highest CFU of cultured bacteria from Lake Baikal epilithic
biofilms were observed on R2A than other media. The report by Segawa et al. (2011) showed a
high CFU of cultured bacteria by R2A medium than Luria Broth and the cultivability of bacteria
increased as the growth medium diluted.

HPC

W R2S1

B TSAS1
B R2AS2
W TSAS2

R2S1 TSAS1 R2AS2 TSAS2
Culture type

CFU(108)
o - N
ol = ul N ol

o

Where: R2A: Reasoner and Geldreich agar, TSA: Tryptone Soy Agar and S: Site

Figure 3: Bacterial counts of sediment samples in the different culture types

20



4.2. Heterotrophic bacterial diversity

The sample rarefaction curve indicates that 200 isolates were enough to explain the diversity at
the given methods. As more individuals are sampled, the total number of OTUs recorded in the
sample increases and species accumulation curve was generated (Figure 4). The curves shows
somewhat reached a horizontal asymptote, so it is reasonable to infer that rarefaction analysis
plots (R) has converged on a optimum estimate of the correct value. The rarefaction curve
shows site one R2A media was more diverse and diversity decreased in site two TSA media

(Figure 4).
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Figure 4: Rarefaction curve of individual culture type
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Bacterial diversity was assessed in terms of unique operational taxonomic units (OTUSs). There
were 73 OTUs, which demonstrate unique morphological and biochemical features and can be
a proxy for at least species. From all the 73 OTUs, three OTUs (OUT 29, OUT 47 and OUT 53)
were found in all conditions (culture types). OTU 33 and 70 were present in all conditions
except site two R2A media while OUT 58 were present in all conditions except site one R2A
medium. These 6 OTUs were abundant and constitute about 16% of the total number of isolates.
OUT 54 had 8 isolates and OUT 37, 42 and 46 each had 6 isolates (Appendix Il). This indicates
that these OTUs thrive in all culture conditions are probably stable and permanent microbial

communities.

Furthermore, only 17 OTUs were common to both sites and represented by 61(30%) isolates
and 14 OTUs were common for both media types and represented by 53 (26.5%) isolates.
Therefore, variation in terms of location and media type were observed regarding the dominant
communities. Concerning unique OTUs, site one had 29 unique OTUs while, sites two had 27
OTUs. Moreover, R2A media had 29 unique OTUs and TSA media had 22 unique OTUs
(Table 2). This indicated that bacteria cultivability differ in different sites and culture media

as the presence of unique isolates obtained on both site and media.
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Table 2: Unique and common OTUs in the different culture types, July 2020

OTUs Sites Media types

Site | Site Il R2A TSA
Total 30 27 26 24
Unique 29 27 29 22
Common 17 14

OTUs structure in terms of diversity and abundance showed a statistically significant
difference between media types (p<0.05) and two distinctive clusters were formed due
probably to media based factors (Figure 6). Analysis of variance showed a statistically
significant difference between site one and site two at (p=0.014) (appendix II1). The difference
in sites in heterotrophic bacterial diversity might be probably due to lack of mixing of the water
column due to either internal waves or wind action, as the lake is stable. Furthermore,
physicochemical factors in the study sites might be responsible for variation in phylotype
diversity and this idea is supported by many studies (Gilbert et al., 2017). There was also a
statistically significant difference between R2A and TSA media at (p=0.02) (appendix I1I).
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Figure 6: Dendrogram showing bacterial community clustering based on the different culture

types
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4.3. Bacterial diversity indices

Based on the results of the Shannon-Weiner Index, OTUs diversity was higher in R2A than the
TSA medium in both sites. OTUs diversity was higher in R2A medium site one (H=3.2609;
Hmax= 0.8764 and D=0.044) than TSA medium site one (H=3.082, Hmax=0.8385 and
D=0.0552). Likewise, OTUs diversity was higher in R2A medium site two (H=3.167; Hmax=
0.8836 and D=0.0488) than TSA medium site two (H=3.054, Hmax=0.8787 and D=0.0528)
(Table 3).

Table 3: OTUs diversity indices, July 2020

OTUs R2A site one  R2A site two TSA site one  TSA site two
Taxa_S 30 27 26 24
Individuals 50 50 50 50
Dominance_ D  0.044 0.0488 0.0552 0.0528
Simpson_1-D 0.956 0.9512 0.9448 0.9472
Shannon_H 3.269 3.167 3.082 3.054
Evenness_e"H/S 0.8764 0.8787 0.8385 0.8836

This result thus suggested that type of media influence the diversity of OTUs. The reason for the
differences in bacterial selectivity might be that these two media have different carbon sources
and nutrient concentrations. Tamaki et al. (2005) stated that the type of bacteria that were
recovered by plating was influenced by the type of media used and conditions of growth used in

the study compared to the bacterial diversity from the natural environment.

4.4. Identified genera from sediment samples of Lake Zengena

Based on the morphological and biochemical characteristics all 200 isolates from the sediment
samples of Lake Zengena were identified to nine bacterial genera (appendix IV) that
belonged to four phyla: Proteobacteria (56%), Actinobacteria (22%), Firmicutes (11%) and
Bacteroidetes (11%). In this study, the phylum Proteobacteria was the dominant phyla
represented by two classes and five genera: Gammaproteobacteria (Aeromonas,
Pseudomonas, Proteus and Escherichia) and Alphaproteobacteria (Sphingomonas) (Table
4). The predominance of Proteobacteria revealed that they were actively engaged in the
functioning and processes of lake sediment ecosystems (Song et al., 2012). Thus, the results

of this study revealed that the sediment of Lake Zengena possessed different groups of bacteria
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phyla. This finding is more or less similar to that of the bacterial community structure in other
Lake mainly Lake Baikal (Sukhanova et al., 2019).

Regarding genus, the most dominant genera were Pseudomonas 42 (21%) and Bacillus 34
(17%) followed by Flavobacterium 30 (15%). Other genera ranged from 28 (14%) of
Aeromonas to six (3%) of Escherichia (Figure 7). Bacillus and Pseudomonas are present
ubiquitously and possess a high biological potential and a strong capacity to adapt to various
environmental conditions (Sukhanova et al., 2019). The dominance of Pseudomonas in this
freshwater ecosystem might be attributed to their versatile metabolic capacity and broad

potential for adaptation to fluctuating environmental conditions (Michaud et al., 2012).

The dominance of Bacillus might be due to their abilities of spore production, which can resist
different environmental conditions. The idea of spore-forming bacteria dominated in the bottom
sediments, both in quantitative abundance and in species diversity was supported by Huang and
Jiang (2016). This finding indicates that these two genera as the common members of lake

sediment.
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Figure 7: Relative percentage of each genus from sediment samples of Lake Zengena
4.5. Distribution of the identified genera by site and media type

Of all genera, seven genera were found in both sites and media types showing their stable
presence in the lake sediment (Figure 8) and most of these common genera were abundant.

However, few genera such as Micrococcus and Escherichia were not detected in site two R2A
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media and site two TSA media respectively. Pseudomonas was found at the highest
percentage at site one (12.5 %) than site two (8.5%). Contrarily, Bacillus was found at the
highest percentage at site two (13.5 %) than site one (3.5%) as shown below (Figure 9).
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Figure 8: Relative abundance of the identified genera in the sediment sample of Lake Zengena

at both media types and sites
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Figure 9: Occurrence of each genus in the site during the study period
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The majority of culture media used to isolate microorganisms have been nutrient-rich. It is now
thought that these conditions may favor the growth of faster-growing bacteria at the expense of
slow-growing one, some of which thrive in nutrient poor environments as culturing of an
organism depends on essential macronutrients and growth factors in isolation media (Bollman
et al., 2007; Connon and Giovannoni, 2002 and Salam et al., 2018).

R2A medium is a relatively oligotrophic medium compared with the TSA medium and the
medium was able to isolate slow growing and some less common bacteria species. Results of
this study showed R2A medium had better selectivity to Flavobacterium and Sphingomonas
than other phyla. The genus Flavobacterium and Sphingomonas need low nutrient medium
relative to other members (Loch and Faisal, 2015; Stewart, 2012).These two genera were more
observed on R2A media than TSA (Figure 10). Zhao et al. (2020) reported that the R2A
medium had better selectivity for Bacteroidetes. This finding showed that the abundance of
cultured microorganisms obtained on growth media with different concentrations of organic
compounds was varied. Therefore, to get a higher diversity of cultured bacteria, it is important
to employ media varying in the content of organic and mineral compounds. Efficient cultivation
of heterotrophic bacteria from different biotopes of oligotrophic habitats needs growth media
that contain low organic matter concentrations, mineral and vitamin components, as in R2A.
This finding is similar to the other report, in which the R2A media supports the growth of
heterotrophic bacteria than TSA and other growth media (Sukhanova et al., 2019).
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Figure 10: occurrence of each genus in media types during the study period
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Overall, Sediment bacterial communities in Zengena Lake were mainly composed of the

phylum that is typical to freshwater sediment,

including Proteobacteria, Firmicutes,

Bacteroidetes and Actinobacteria (Table 4). The microbial diversity was quite diverse and

differed between sampling sites and growth media.

Table 4: Taxonomic classification of identified genera from Lake Zengena sediment samples,

July 2020.
Genus Family Order Class Phylum
Pseudomonas Pseodomonaliscea Pseodumoales Gammaproteobacteria  Proteobacteria
Bacillus Bacilliaceae Basillales Bacilli Firmicutes
Flavobacterium  Flavobacteriaceae Flavobacteriales Flavobacteria Bacteroidetes
Aeromonas Aeromonadaceae Aeromonadales Gammaproteobacteria  Proteobacteria

Sphingomonas  Sphingomonadaceae
Micrococcus Micrococcaceae
Proteus Enterobacteriaceae
Brevibacterium  Brevibacteriaceae

Escherichia Enterobacteriaceae

Sphingomonadales  Alphaproteobacteria
Micrococcales Actinobacteria
Enteralesobacteriales Gammaproteobacteria
Micrococcales Actinobacteria

Enteralesobacteriales Gammaproteobacteria

Proteobacteria
Actinobacteria
Proteobacteria
Actinobacteria

Proteobacteria
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5. CONCLUSION AND RECOMMENDATIONS
5.1. Conclusion

Determination of bacterial diversity by culture-based method revealed 73 OTUs with unique
morphological and biochemical characteristics. The 73 OTUs were identified into nine genera
belonging to four phyla and Proteobacteria phylum was the dominant one. A significant
difference in terms of OUTs diversity and abundance between media type (p=0.02) was
observed. This difference might be due to the different composition of organic compounds and
other growth factors in isolation media. OTUs diversity also differed significantly between sites
(p=0.014). Different physicochemical factors and lack of mixing (stable environment) might
be responsible for variation in OTUs diversity in location. The diversity indices showed
differences in growth media in both sites. R2ZA medium supports more diverse OTUs than
TSA in both sites as on nutrient media with different composition of organic compounds. In
general, this result revealed that sediment bacterial communities in Zengena Lake were diverse

and mainly composed of phyla that are typical to freshwater sediment.
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5.2. Recommendations

Based on the results of this study, the following points are recommended:

= The identified genera need to be further characterized for their ecological role and
identified to species level.

= Anaerobic growth needs to be included to isolate and identified more heterotrophic
bacterial diversity.

= The spatial variability of heterotrophic bacteria needs to be analyzed with different
environmental parameters and nutrient contents for better understanding of the

distribution of bacterial population.

30



REFERENCES

Allgaier, M. and Grossart, H. P. (2006). Diversity and seasonal dynamics of Actinobacteria
populations in four lakes in northeastern Germany. Applied and Environmental
Microbiology 72(5): 3489-3497.

Altmann, D., Stief, P., Amann, R., De Beer, D. and Schramm, A. (2003). In situ distribution and
activity of nitrifying bacteria in freshwater sediment. Environmental Microbiology 5(9): 798-
803.

Aryal, S., Karki, G. and Pandey, S. (2015). Microbial diversity in a freshwater and marine
environment. Nepal Journal of Biotechnology 3(1): 68-70.

Badin, A. L., Monier, A., Volatier, L., Geremia, R. A., Delolme, C. and Bedell, J. P. (2011).
Structural stability, microbial biomass and community composition of sediments affected by the
hydric dynamics of an urban stormwater infiltration basin. Microbial Ecology 61(4): 885-897.

Berdy, J. (2005). Bioactive microbial metabolites. The Journal of antibiotics 58(1): 1-26.

Bergey, D.H. and Holt, J.G. (1994). Bergey's manual of determinative bacteriology, Williams and
Wilkins. Baltimore, MA.

Bhat, A. K. (2013). Preserving microbial diversity of soil ecosystem: a key to sustainable
productivity. International Journal of Current Microbiology and Applied Sciences 2(8): 85-101.

Bollmann, A., Lewis, K and Epstein, S. S. (2007). Incubation of environmental samples in a
diffusion chamber increases the diversity of recovered isolates. Applied and Environmental
Microbiology 73(20): 6386-6390.

Bosshard, P. P., Abels, S., Altwegg, M., Bottger, E. C. and Zbinden, R. (2004). Comparison of
conventional and molecular methods for identification of aerobic catalase-negative gram-

positive cocci in the clinical laboratory. Journal of Clinical Microbiology 42(5): 2065-2073.

Boucher, D., Jardillier, L. and Debroas, D. (2006). Succession of bacterial community composition
over two consecutive years in two aquatic systems: a natural lake and a lake-reservoir. FEMS
Microbiology Ecology 55(1): 79-97.

Bouskill, N.J., Barker-Finkel, J., Galloway, T.S., Handy, R.D. and Ford, T.E. (2010). Temporal
bacterial diversity associated with metal-contaminated river sediments. Ecotoxicology 19(2):
317-328.

31



Cappuccino, J. G. and Sherman, N. (2002). Microbiology: a laboratory manual Pearson. ISBN-13,
978-0805325782.

Chater, K. F., Biro, S., Lee, K. J., Palmer, T. and Schrempf, H. (2010). The complex extracellular
biology of Streptomyces. FEMS Microbiology Reviews 34 (2), 171-198.

Connon, S. A. and Giovannoni, S. J. (2002). High-throughput methods for culturing microorganisms
in very-low-nutrient media yield diverse new marine isolates. Applied and Environmental
Microbiology 68(8): 3878-3885.

Dadheech, P. K., Krienitz, L., Kotut, K., Ballot, A. and Casper, P. (2009). Molecular detection of
uncultured cyanobacteria and aminotransferase domains for cyanotoxin production in sediments
of different Kenyan lakes. FEMS Microbiology Ecology 68(3): 340-350.

Demain, A. L. and Sanchez, S. (2009). Microbial drug discovery: 80 years of progress. The Journal
of Antibiotics 62(1): 5.

Desalegn Tadele., Ermias Lulekal, Destaw Damtie and Adane Assefa (2014). Floristic diversity and
regeneration status of woody plants in Zengena Forest, a remnant montane forest patch in

northwestern Ethiopia. Journal of Forestry Research 25 (2): 329-336

Ettema, C. H. and Wardle, D. A. (2002). Spatial soil ecology. Trends in Ecology and
Evolution 17(4): 177-183.

Eze, E., Eze, U, Eze, C. and Ugwu, K. (2009). Association of metal tolerance with multidrug
resistance among bacteria isolated from sewage. Journal of Rural and Tropical Public
Health 8: 25-29.

Fischer, H., Wanner, S. C. and Pusch, M. (2002). Bacterial abundance and production in river
sediments as related to the biochemical composition of particulate organic matter
(POM). Biogeochemistry 61(1): 37-55.

Garrity, G. M., Bell, J. A and Lilburn, T. (2005). Class I. Alphaproteobacteria class. In Bergey’s
Manual of Systematic Bacteriology (pp. 1-574). Springer, Boston, MA.

32



Gilbert B, Levine J, M. (2017). Ecological drift and the distribution of species diversity. in
Proceedings of the Royal Society B: Biological Sciences 284 (1855):20170507. May 2017
with 653 Reads DOI: 10.1098/rspb.2017.0507

Goraw, Goshu. (2007). The physio-chemical characteristics of a highland crater lake and two
reservoirs in north-west Amhara Region (Ethiopia). Ethiopian Journal of Science and
Technology 5(1):17-41.

Green, J. L., Holmes, A. J., Westoby, M., Oliver, I., Briscoe, D., Dangerfield, M., ... and Beattie, A.
J. (2004). Spatial scaling of microbial eukaryote diversity. Nature 432(7018): 747-750.

Gupta, R. S. (2000). The phylogeny of proteobacteria: relationships to other eubacterial phyla and
eukaryotes. FEMS Microbiology Reviews 24(4): 367-402.

Gurung, N., Ray, S., Bose, S., and Rai, V. (2013). A broader view: microbial enzymes and their

relevance in industries, medicine, and beyond. Biomedical Research International 2013.

Haegeman, B., Hamelin, J., Moriarty, J., Neal, P., Dushoff, J. and Weitz, J. S. (2013). Robust
estimation of microbial diversity in theory and in practice. The ISME Journal 7(6): 1092-1101.

Harpole, W. (2010). Neutral Theory of Species Diversity. Nature Education Knowledge 1(8):31

Hayakawa, M. (2008). Studies on the isolation and distribution of rare actinomycetes in

soil. Actinomycetologica 22 (1): 12-19.

Holmer, M. and Storkholm, P. (2001). Sulphate reduction and sulphur cycling in lake sediments: a
review. Freshwater Biology 46(4): 431-451.

Hopp, E. H. G., Arnosti, C. and Herndl, G.J. (2002). Ecological significance of bacterial enzymes in
the marine environment. Enzymes in the Environment: Activity, Ecology, and Applications,
73-107.

Horner-Devine, M. C., Lage, M., Hughes, J. B. and Bohannan, B. J. (2004). A taxa—area relationship
for bacteria. Nature 432(7018): 750-753.

Huang, W. and Jiang, X. (2016). Profiling of sediment microbial community in dongting lake before
and after impoundment of the three gorges dam. International Journal of Environmental
Research and Public Health 13(6): 617.

33



Hughes, J. B. and Bohannan, B. J. (2004). Section 7 update: application of ecological diversity

statistics in microbial ecology. In Molecular microbial ecology manual.

Humbert, J. F., Dorigo, U., Cecchi, P., Le Berre, B., Debroas, D. and Bouvy, M. (2009). Comparison
of the structure and composition of bacterial communities from temperate and tropical

freshwater ecosystems. Environmental Microbiology 11(9): 2339-2350.

Islam, M. M., Sokolova, E. and Hofstra, N. (2018). Modelling of river faecal indicator bacteria

dynamics as a basis for faecal contamination reduction. Journal of Hydrology 563: 1000-1008.

Jiang, H., Dong, H., Zhang, G., Yu, B., Chapman, L.R. and Fields, M. W. (2006). Microbial
diversity in water and sediment of Lake Chaka, an athalassohaline lake in northwestern
China. Applied and Environmental Microbiology 72(6): 3832-3845.

Johnson, P. T., Townsend, A. R., Cleveland, C. C., Glibert, P. M., Howarth, R. W., McKenzie, V. J.,
...and Ward, M. H. (2010). Linking environmental nutrient enrichment and disease emergence

in humans and wildlife. Ecological Applications 20(1): 16-29.

Keller, M. and Zengler, K. (2004). Tapping into microbial diversity. Nature Reviews
Microbiology 2(2): 141.

Kim, B. R., Shin, J., Guevarra, R., Lee, J. H., Kim, D. W., Seol, K. H., ... and Isaacson, R. E. (2017).
Deciphering diversity indices for a better understanding of microbial communities. Journal of
Microbiol Biotechnol 27(12): 2089-2093.

Konneke, M., Bernhard, A. E., José, R., Walker, C. B., Waterbury, J. B. and Stahl, D. A. (2005).

Isolation of an autotrophic ammonia-oxidizing marine archaeon. Nature 437(7058): 543-546.

Kopke, B., Wilms, R., Engelen, B., Cypionka, H. and Sass, H. (2005). Microbial diversity in coastal
subsurface sediments: a cultivation approach using various electron acceptors and substrate
gradients. Applied and Environmental Microbiology 71(12): 7819-7830.

Kou, W., Zhang, J., Lu, X., Ma, Y., Mou, X. and Wu, L. (2016). Identification of bacterial
communities in sediments of Poyang Lake, the largest freshwater lake in China. Springer
Plus 5(1): 401.

Krieg, N. R., Staley, J. T., Brown, D. R., Hedlund, B. P., Aster, B. J., Ward, N. L., Ludwig, W. and

Whitman, W. B (2010). Bergey’s Manual of Systematic Bacteriaology: The Bacteroidetes,
34



Spirochaetes, Tenericutes, Acidobacteria, Fibrobacteres, Fusobacteria, Dictyoglomi,

nd
Gemmatimonadetes, Lentisphaerae, Verrucomicrobia, Chlamydiae and Planctomycetes, 2

edition 4. PP 976. Springer, New York, Dordrecht Heidelberg, London.

Lemos, L. N., Fulthorpe, R. R., Triplett, E. W. and Roesch, L. F. (2011). Rethinking microbial
diversity analysis in the high throughput sequencing era. Journal of Microbiological Methods
86(1): 42-51.

Liang, Z., He, Z., Zhou, X., Powell, C. A, Yang, Y., He, L. M., and Stoffella, P. J. (2013). Impact of
mixed land-use practices on the microbial water quality in a subtropical coastal
watershed. Science of the total Environment 449: 426-433.

Lindstrom, E. S., Kamst-Van Agterveld, M. P. and Zwart, G. (2005). Distribution of typical
freshwater bacterial groups is associated with pH, temperature, and lake water retention
time. Applied and Environmental Microbiology 71(12): 8201-8206

Loch, T. P., & Faisal, M. (2015). Emerging flavobacterial infections in fish: a review. Journal of
Advanced Research 6(3): 283-

Lozupone, C. A. and Knight, R. (2008). Species divergence and the measurement of microbial
diversity. FEMS Microbiology Reviews 32(4): 557-578.

Madigan M. T., Martinko J. M., Stahl D. A. and Clark D. P (2012): Brock Biology of

Microorganisms. 13th ed. 2012. San Francisco: Pearson Benjamin Cummings

Maier, R. M., Pepper, I. L. and Gerba, C. P. (2009). Environmental microbiology (Vol. 397).

Academic press.

McAllister, S. M., Davis, R. E., McBeth, J. M., Tebo, B. M., Emerson, D. and Moyer, C. L. (2011).
Biodiversity and emerging biogeography of the neutrophilic iron-oxidizing Zetaproteobacteria.
Applied and Environmental Microbiology 77(15): 5445-5457

Michaud, L., Caruso, C., Mangano, S., Interdonato, F., Bruni, V., & Lo Giudice, A. (2012).
Predominance of Flavobacterium, Pseudomonas, and Polaromonas within the prokaryotic
community of freshwater shallow lakes in the northern Victoria Land, East Antarctica. FEMS
Microbiology Ecology 82(2): 391-404.

35



Mudryk, Z. J. and Skorczewski, P. (2004). Extracellular enzyme activity at the air—water interface of

an estuarine lake. Estuarine, Coastal and Shelf Science 59(1): 59-67.

Mwirichia, R., Muigai, A. W., Tindall, B., Boga, H. I. and Stackebrandt, E. (2010). Isolation and
characterisation of bacteria from the haloalkaline Lake Elmenteita, Kenya. Extremophiles 14(4):
339-348.

Newton, R. J., Jones, S. E., Eiler, A, McMahon. K, D and Bertilsson, S (2011). A guide to the
natural history of freshwater lake bacteria. Microbiology Molecular Biology 75:14-49

Newton, R. J., Kent, A. D., Triplett, E. W. and McMahon, K. D. (2006). Microbial community
dynamics in a humic lake: differential persistence of common freshwater

phylotypes. Environmental Microbiology 8(6): 956-970.

Pandey, A., Nigam, P., Soccol, C. R., Soccol, V. T., Singh, D. and Mohan, R. (2000). Advances in
microbial amylases. Biotechnology and Applied Biochemistry 31:135-152.

Patel, A. B., Fukami, K. and Nishijima, T. (2000). Regulation of seasonal variability of
aminopeptidase activities in surface and bottom waters of Uranouchi Inlet, Japan. Aquatic
Microbial Ecology 21(2): 139-149.

Procépio, R. E., da Silva, I. R., Martins, M. K., de Azevedo, J. L. and de Araujo, J. M. (2012).
Antibiotics produced by Streptomyces. The Brazilian Journal of Infectious Diseases 16(5): 466-
471.

Purdy, K. J., Nedwell, D. B. and Embley, T. M. (2003). Analysis of the sulfate-reducing bacterial
and methanogenic archaeal populations in contrasting Antarctic sediments. Applied and
Environmental Microbiology 69(6): 3181-3191.

Ranjard, L., Poly, F. and Nazaret, S. (2000). Monitoring complex bacterial communities using
culture-independent molecular techniques: application to soil environment. Research in
Microbiology 151(3): 167-177.

Redmond, M. C. and Valentine, D. L. (2012). Natural gas and temperature structured a microbial
community response to the Deepwater Horizon oil spill. Proceedings of the National Academy
of Science 109(50): 20292-20297.

36



Ren, Z., Qu, X., Peng, W., Yu, Y. and Zhang, M. (2019). Nutrients Drive the Structures of Bacterial
Communities in Sediments and Surface Waters in the River-Lake System of Poyang
Lake. Water 11(5): 930.

Salam, L. B., llori, M. O., Amund, O. O., LiiMien, Y. and Nojiri, H. (2018). Characterization of
bacterial community structure in a hydrocarbon-contaminated tropical  African
soil. Environmental Technology 39(7): 939-951.

Sauvain, L., Bueche, M., Junier, T., Masson, M., Wunderlin, T., Kohler-Milleret, R. ... and Junier, P.
(2014). Bacterial communities in trace metal contaminated lake sediments are dominated by

endospore-forming bacteria. Aquatic Sciences 76(1): 33-46.

Schloss, P. D., Westcott, S. L., Ryabin, T., Hall, J. R., Hartmann, M., Hollister, E. B. and Sahl, J. W.
(2009). Introducing mothur: open-source, platform-independent, community-supported software
for describing and comparing microbial communities. Applied and Environmental Microbiology
75 (23): 7537-7541.

Segawa, T., Yoshimura, Y., Watanabe, K., Kanda, H. and Kohshima, S. (2011). Community
structure of culturable bacteria on surface of Gulkana Glacier, Alaska. Polar Science 5(1): 41-
51.

Shafiei, M., Ziaee, A. A. and Amoozegar, M. A. (2011). Purification and characterization of an
organic-solvent-tolerant halophilic a-amylase from the moderately halophilic Nesterenkonia sp.

strain F. Journal of Industrial Microbiology and Biotechnology 38(2): 275-281

Shen, C., Liang, W., Shi, Y., Xin, X., Zhang, H., ... and Chu, H. (2014). Contrasting elevational
diversity patterns between eukaryotic soil microbes and plants. Ecology 95(11): 3190-3202.

Sigee, D. (2005). Freshwater microbiology: biodiversity and dynamic interactions of

microorganisms in the aquatic environment. John Wiley & Sons.

Sigee, D. (2005). Freshwater microbiology: biodiversity and dynamic interactions of
microorganisms in the aquatic environment. Wiley. J., Lozupone, L. C. A. and Knight, R.
(2008). Species divergence and the measurement of microbial diversity. FEMS Microbiology
Reviews, 32 (4), 557-578.

37



Song, H., Li, Z.,, Du, B., Wang, G and Ding, Y. (2012). Bacterial communities in sediments of the
shallow Lake Dongping in China. Journal of Applied Microbiology 112(1): 79-89.

Sousa, M. A., Machado, I., Nicolau, A. and Pereira, O. M (2013). Improvements on colony
morphology identification towardsbacterial profiling. Journal of Microbiological Methods 95:
327-335.

Souza, P. M. D. (2010). Application of microbial a-amylase in industry-A review. Brazilian Journal
of Microbiology 41(4): 850-861.

Stach, E. M. and Bull, A. T. (2005). Estimating and comparing the diversity of marine

Actinobacteria. Antonie van Leeuwenhoek 87 (1), 3-9.

Stackebrandt, E. and Schumann, P. E. (2006). Introduction to the taxonomy of
Actinobacteria. Prokaryotes 3: 297-321.

Stewart, E. J. (2012). Growing unculturable bacteria. Journal of Bacteriology 194(16): 4151-4160.

Sukhanova, E. V., Shtykova, Y. R., Suslova, M. Y., Pestunova, O. S., Kostornova, T. Y., Khanaev,
I. V., ... and Parfenova, V. V. (2019). Diversity and Physiological and Biochemical Properties
of Heterotrophic Bacteria Isolated from Lake Baikal Epilithic Biofilms. Microbiology 88(3):
324-334.

Tabacchioni, S., Chiarini, L., Bevivino, A., Cantale, C. and Dalmastri, C. (2000). Bias caused by
using different isolation media for assessing the genetic diversity of a natural microbial
population. Microbial Ecology 40(3): 169-176.

Tamaki, H., Sekiguchi, Y., Hanada, S., Nakamura, K., Nomura, N., Matsumura, M. and Kamagata,
Y. (2005). Comparative analysis of bacterial diversity in freshwater sediment of a shallow
eutrophic lake by molecular and improved cultivation-based techniques. Applied and
Environmental Microbiology 71(4): 2162-2169.

Teske, A. (2013). Marine deep sediment microbial communities. The Prokaryotes: Prokaryotic

Communities and Ecophysiology, 123-138.

Torres, 1. C., Inglett, K. S. and Reddy, K.R. (2011). Heterotrophic microbial activity in lake
sediments: effects of organic electron donors. Biogeochemistry 104(1-3): 165-181.

38



Touka, A., Vareli, K., Igglezou, M., Monokrousos, N., Alivertis, D., Halley, J.M. and Sainis, I.
(2018). Ancient European Lakes: Reservoirs of Hidden Microbial Diversity? The Case of Lake
Pamvotis (NW Greece). Open Journal of Ecology 8: 537-578.

Trper, H. G., and Schleifer, K.H. (2006). Prokaryote characterization and identification. The
Prokaryotes: Volume 1: Symbiotic associations, Biotechnology, Applied Microbiology, 58-79.

Urakawa, H., Yoshida, T., Nishimura, M. and Ohwada, K. (2000). Characterization of depth-
related population variation in microbial communities of a coastal marine sediment using 16S

rDNA- based approaches and quinone profiling. Environmental Microbiology 2(5): 542-554.

Vandermaesen, J., Horemans, B., Bers, K., Vandermeeren, P., Herrmann, S., Sekhar, A. and
Springael, D. (2016). Application of biodegradation in mitigating and remediating pesticide
contamination of freshwater resources: state of the art and challenges for optimization. Applied
Microbiology and Biotechnology 100(17): 7361-7376.

Wolf, M, Muller T, Dandekar T, Pollack JD. Phylogeny of Firmicutes with special reference to
Mycoplasma (Mollicutes) as inferred from phosphoglycerate kinase amino acid sequence data.

International Journal Systematics and Evolutionary Microbiology 54:871-875.

Yannarell, A.C. and Triplett, E.W. (2005). Geographic and environmental sources of variation in
lake bacterial community composition. Applied and Environmental Microbiology 71(1): 227-
239.

Yared Tigabu (2010). Stocking based fishery enhancement programs in Ethiopia. Eco hydrology and
Hydrobiology 10(2-4): 241-246.

Zeder, M., Peter, S., Shabarova, T. and Pernthaler, J. (2009). A small population of planktonic
Flavobacteria with disproportionally high growth during the spring phytoplankton bloom in a
prealpine lake. Environmental Microbiology 11(10): 2676-2686.

Zemenu Bires Beza (2017). Challenges and prospects of community based ecotourism development
in Lake Zengena and its environs, North West Ethiopia. African Journal of Hospitality Tourism
and Leisure 6(3): 1-12.

Zhang, J., Yang, Y., Zhao, L., Li, Y., Xie, S. and Liu, Y. (2015). Distribution of sediment bacterial
and archaeal communities in plateau freshwater lakes. Applied Microbiology and Biotechnology

99(7): 3291-3302.
39



Zhang, K., Yang, X., Kattel, G., Lin, Q. and Shen, J. (2018). Freshwater lake ecosystem shift caused
by social-economic transitions in Yangtze River Basin over the past century. Scientific
Reports 8(1): 17146.

Zhao, X., Liu, J., Zhou, S., Zheng, Y., Wu, Y., Kogure, K. and Zhang, X. H. (2020). Diversity of
culturable heterotrophic bacteria from the Mariana Trench and their ability to degrade
macromolecules. Marine Life Science and Technology, 1-13.

Zinger, L., Amaral-Zettler, L.A., Fuhrman, J.A., Horner-Devine, M.C., Huse, S.M., Welch, D.B.M.
. and Ramette, A. (2011). Global patterns of bacterial beta-diversity in seafloor and seawater
ecosystems. PloS one 6(9): e24570.

Zwart, G., Crump, B. C., Agterveld, M. P, Hagen, F. and Han, S. K. (2002). Typical freshwater
bacteria: an analysis of available 16S rRNA gene sequences from plankton of lakes and rivers.
Aguatic Microbial Ecology 28:141-155.

40



APPENDICES
Appendix |

Table 5: Composition of Tryptone soy agar

Ingredients Concentration (g/liter)
Pancreatic Digest of Casein 1509

Papaic Digest of Soybean Meal 509

Sodium chloride 5049

Agar 15.0¢

Final pH at 25°C 73+0..2

Table 6: Composition of R2A agar

Ingredients Concentration (g/liter)
Yeast extract 059
Difco Proteose Peptone no 3 059
Casamino Acids 05¢
Glucose 059
Soluble starch 059
Sodium pyruvate 0.3¢g
K2HPO4 0.3¢g
MgSO, * 7H,0 0.05g
Agar 15.0g
Final pH at 25°C 7.2+0.2
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Appendix Il

Table 7: Individual isolates with their corresponding OTUs based on similar

morphological and biochemical characteristic, July 2020

ouT Isolates

1 ST181, ST182

2 SR127

3 SR106, SR113

4 SR46, SR103

5 SR47

6 ST57,ST89

7 SR48

8 SR142, SR144

9 SR28, ST72

10 SR33, ST61

11 ST190, ST176, ST189

12 SR107

13 SR108, ST163

14 SR149, SR150, ST153, ST160
15 ST70, ST193

16 ST185, ST188

17 SR41, SR43

18 ST97, ST99

19 SR134, SR136

20 ST166, ST168, ST180, ST191
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21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

ST85, ST86

ST88

SR128, SR129

SR12, ST63, ST73

ST94, ST161, ST162, ST167, ST158
SR124

SR125, SR130

ST154, ST156

SR30, SR31, SR148, ST55, ST164, ST165
ST195, ST183, ST194

SR138, SR140

SR21, ST170

SR1, ST69, ST197

ST87,ST90

SR126, SR133, ST196, ST200
ST173,ST152, ST172

SR146, SR147, SR119, SR137, SR139, SR143
SR16, ST54

ST66, ST67, ST169, ST199

SR116, SR117

SR20, SR42, SR2, SR6

ST62, ST79, ST51, ST56, ST58, ST59
ST98, ST53, ST96

SR39 ,SR34, SR35
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45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

SR11,SR25

SR40, ST81,ST82, ST52,ST68, ST75

SR27, SR32, SR44, SR49, SR50,SR109, ST83, ST157

SR4, SR15

SR24, SR29
ST71,ST74,ST76,ST84
ST64, ST65

ST77,ST78

SR5, SR141, SR120, ST91, ST92, ST159

SR112, SR123, SR135, ST171, ST174, ST175, ST186, ST198

SR37, SR145
ST93, ST95, ST177, ST178

SR114, SR110, SR111

SR105, SR118, SR104, ST100, ST187

SR36

SR22, SR102
SR115, SR132
ST151, ST155
SR131, ST80
SR38, SR121
SR101, SR122
SR3, SR45
SR14, SR19

ST179, ST184
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69

70

71

72

73

SR13

SR8, SR18, ST60, ST192
SR17, SR23

SR9, SR10

SR7, SR26
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Appendix 1
Table 8: ANOVA Table for media type

Descriptive
OTUs N Mean Std. Std. 95% Confidence Interval for Mean Minimum Maximum
Deviation Error Lower Bound Upper Bound
R2A 100 3.88 2,293  .229 -3.43 4.33 1 9
TSA 100 3.50 2.245 225 -3.05 3.95 1 9
Total 200 3.69 2271 161 -3.37 4.01 1 9
ANOVA
OTUs Sum of df Mean Square F Sig.
Squares
Between Groups 7.220 1 7.220 1.402 .02
Within Groups 1019.560 198 5.149
Total 1026.780 199
Table 9: ANOVA Table for sites
Descriptive
OTUs N Mean Std. Std. 95% Confidence Interval for Mean Minimum Maximum
Deviation Error Lower Bound Upper Bound
sittone 100 3.89 2461  .246 -3.40 4.38 1 9
Sitetwo 100 3.49 2.057  .206 -3.08 3.90 1 9
Total 200 3.69 2271  .161 -3.37 4.01 1 9
ANOVA
OTUs Sum of Df Mean Square F Sig.
Squares
Between Groups 8.000 1 8.000 1.555 014
Within Groups 1018.780 198 5.145
Total 1026.780 199
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Appendix IV

Table 10: The identified genera based on morphological and biochemical test, July 2020

Morphological characteristics Biochemical characteristics
= T |8 |S s &
S |e S =¥ g s e |B|E 51218 13 |38 o | g 26
€ |2 = S 3 > Y =] E |'» LI= |8 |9 |o|e =2 |2 S g
S |8 8 |E 3 S &z £ ¥ |glz |8 BIE |8 8|18 |g|Q% 1|5 |8 | | |&§ E
Z|»n > = @) o L s |& 0|8 |w|lE |8 | |34 |S|T |0 | |=2 |> |2 &
Circular | Small | Entire White/ |Opaque Flat  [smoot [Moist | - |Rod L I I R R - 7 C T R R Pseudomonas
yellow h
Circular | Large |Entire | White |Opaque/ Convex|Smoot[Moist [+ [Rod | + |+ |+ #/- [+ |+ [+ |+ |+ Bacillus
transparent h
Circular | Large |Entire | Yellow |Opaque/ |Flat  [Smoot|Moist |- |Rod S e e I T L I S O R Flavobacterium
Circular | Small |Entire | White/| Opaque |Raised |[Smoot|Moist |- |Rod H- |+ |+ |+ - - |- - |t Aeromonas
Buffy h
Irregular | Large | Undulate | White | Convex [Flat  [RoughMoist |- | Rod S I I T R o Y CT I S Y Proteus
Circular | Small | Entire | Yellow | Opaque |Convex{Smoot|Moist [+ (Cocci S+ |+ |+ - - |- |t - Micrococcus
Circular | Large |Entire | White (transparent [Convex|Smoot|Moist |- |Rod S I e O = A = & I I R R Sphingomonas
Irregular [Small |Undulat | White | Opaque [Convex|Smoot[Moist |+ |Rod |- |-/+ |+ |+ |- [- |- |- |- |- |- |- Brevibacterium
Circular [Small |Entire |White | Opaque |Flat  [Smoot|Moist |- |Rod + |+ |+ |+t |- |- - Escherichia
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Appendix V

Some photo evidences during the study

Figure 11: Isolated colonies on R2A (A) and TSA (B) media
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Appendix VI

B

Figure 12: Refresh culture for biochemical tests (A) and Microscopic observation for gram and

spore staining (B)
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