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ABSTRACT

Microbs occupy majority of the biomass and biodiversity of life on the Earth. They play pivotal roles in all
ecosystems in biogeochemical cycles and harbour novel genes and metabolites for several biotechnological
applications in industry, medicine, agriculture, pharmaceutical and environmental sectors. Without
microorganisms all life on earth would cease. The purpose of this review is to indicate ethiopian microbial
nich and habitats potentials for exploration and strengthen existu conservation effort as well as future
utilization in out manoeuvre microbial genetic resourcein different sector.Understanding major microbial
ecology helps to designe microbial structural and functional diversity study associatedwith different
habitates these are hyper extremophile environment, soil, rumenanimals, aquatic ecosystem, rhizospher,
rhizoplan, phylospher and humanmicrobiotia helps to set priority and designe microbial conservation
strategy.Inaddtion to this the use of metagenomic approaches led to the discovery of a large array of new
genes and enabled the genome sequence of various uncultured microbes from this unique and versatile
microbial ecology will grant sustainable conservation and utilization ofuntouched microbial genetic resurce
for biotechnological application for human and environmental use.
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INTRODUCTION

Microorganism encompasses an extensive and
diverse assemblage of organisms, such as
bacteria, viruses, protists and fungi which
exhibit  widely  different  morphological,
ecological and physiological characteristics.
Inside our gut, in the mucky soil of a marsh, in
Antarctic ice, in the hot springs and in habitats
seemingly incompatible with life, microbes
flourish. Microorganisms have been evolving
for nearly 4 billion years and are capable of
exploiting a vast range of energy sources and
thriving in almost every habitat like surviving
and thriving in extremes of heat, cold, radiation,
pressure, salt, acidity and darkness. In these
environments no other forms of life are found
except microbs and the only nutrients come
from inorganic matter. For 2 billion years
microbes were the only form of life on Earth.
During this long history, all of the basic
biochemistries of life evolved, and all life forms
have developed from these microbial ancestors.
It is estimated that 50% of the living protoplasm
on this planet is microbial [220]. Microorganisms

represent by far the richest repertoire of
molecular and chemical diversity in nature. They
live in highly organized and interactive
communities that versatile, complex and
difficult to analyze from many perspectives.
One of the challenges is that microbes are
exceedingly small-only 1/8000™ the volume of a
human cell and spanning about 1/100" the
diameter of a human hair. Investigating
processes within this size range is challenging.
Replicating  quickly, exchanging genetic
material with each other and with other
organisms, not only are they everywhere, but
these tiny organisms also manipulate the
environments in which they live. Their presence
has driven the development of new ecosystems,
some of which allowed for the evolution of
more complex organisms. They underlie basic
ecosystem processes such as biogeochemical
cycles and food chains, as well as maintain vital
and often elegant relationships between
themselves and higher organisms. Microbes
provide the fundamental underpinning of all
ecosystems.  Diverse  microorganisms  are
essential to sustainable biosphere. They are able
to recycle nutrients, produce and consume gases
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that affect global climate, destroy pollutants,
treat our wastes and they can be used for
biological control of plant and animal pests.
Microbial genetic resources also play vital roles
in improving local and national economies.
Traditional food preparations, agro-industries,
pharmaceuticals, soil mineralization, waste
treatment, biofertilizer, biocontrol, biopestcide
are among the major areas of applications of
microbial genetic resources. In Ethiopia,
microbes are vital in preparation of traditional
foods and local drinks both in the rural and
urban areas of the country. A large population of
microbes can be rapidly scanned for their
taxonomic grouping revealing new microbes,
which have not been separated till date. These
can be checked for their special characteristics
like secondary metabolites for e.g., enzymes,
antibiotics, hydrogen, methane, bioplastic, and
bioremediation of oily sludge, bio wastes.

These and other properties can prove beneficial
for  improving the environment and
consequently human health [122]. Without
microorganisms, all life on earth would cease.
Due to the innately small size of the
microorganisms, environmental —complexity
plays a major role in determining diversity.
Spatial heterogeneity is likely to lead to the
formation of many niches within a habitat.
Microbes communicate; some generate the
signals for the formation of metabolically
diverse communities. Some use sophisticated
sighaling to establish a complex relationship
with higher organisms.Micrabial ecology is thus
used to describe the presence and contributions
of microbes through their activities to the place
where they are found.

Ethiopia is a country of great geographical
diversity with high and rugged mountains, flat-
topped plateaux, deep gorges, incised river,
lakes, wetland, valleys and rolling plains.
Altitude ranges from the highest peak at Ras
Dejen, 4620 metres above sea level (masl),
down to the Denacle depression 120meter below
sea level. Physical conditions and variations in
altitude have resulted in a great diversity of
climatic conditions; soils and vegetation cover
favors  maginificant  microbial  diversity.
Microbes are unseen natural resources that
deserve greater attention. The fact that microbes
are too small to be seen, does not mean they are
too small to be studied and exploited or
valued.These great potential of microbial
ecology and diversity requiring exploration and
molecular characterization beside of
conventional study.

It is clear that microbial communities drive the
function of ecosystems and fundamentally
underpin the biogeochemical cycles that our
planet’s  life-support  system. A  better
understanding and global awareness of the
diversity found in microbes will be of value for
the following reasons: - Microbes are important
sources of knowledge about the strategies used
by organisms to exist and limits of
life- Microbes are of critical importance to the
sustainability of life on our planet. The untapped
diversity of microbes is a resource for new
genes and organisms of value to biotechnology.
Diversity patterns of microbes can be used for
monitoring and predicting  environmental
change. Microbes play a role in conservation
and restoration  biology = of  higher
organisms; Microbial communities are excellent
models for understanding biological interactions
and evolutionary history. Uniqueness of
microbes and their often unpredictable nature
and biosynthetic capabilities adapted to a
specific set of environmental and cultural
conditions, has made them likely candidates for
solving particularly difficult problems facing the
entire network of life on Earth. The various
ways in which microbes have been used over
the past five decades confirms that these
organisms represent an untapped and extremely
valuable resource to advance agricultural
biotechnology, medical technology, human and
animal health, food processing, food safety and
quality, genetic engineering, environmental
protection, and more effective treatment of
agricultural and municipal wastes. Pharmaceutical
products obtained from microbes is of
recombinantproteins, insulin analogues, non-
glycosylated humangrowth hormone
somatotropin, glucagon], vaccines [hepatitis B
virussurface antigen [158].Microbes have an
active role to play in production of bio-
fuels[224].Many  of these technological
advances would not have been possible using
straightforward  chemical and  physical
engineering methods, or if they were, they
would not have been practically or economically
feasible. Microbes are restive engineers of our
planet. Their verstile primary and secondary
metabolite, enzymes, alklodes, organic acids are
great role in huge industries and in nature. Study
on structural and functional diversity of
microorganism in different pattern of ecology
helps to explot more in the era of molecular
technology for Biotechnological application.
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POTENTIAL INSITU MICROBIAL ECOLOGY
IN ETHIOPIA

The extreme environment is characterizedby
low temperature (below 0°C); hydrothermal
vents with temperatures up to 370 °C occur
occasionally. The abyssalbzone (3000-6000 m)
and the hadal zone (>6000 m; the deepest part of
the marine environment) are additionally
characterized by high hydrostatic pressure (up to
110 MPa), absence of solar radiation,low
nutrient availability and high content of
dissolved oxygen (for example, about 4 ml
dissolved oxygen per liter at 6000mdepth
[134,170].Microbial life in terrestrial hot
springs, such present in Yellowstone National
Park (USA), has been observed and studied
since early the 1960s [37,33].

However, the discovery of microbial life in deep
sea thermal vents and shallow marine seeps in
volcanic regions of the world in the late 1970s
and early 1980s led to the realization that the so
called extreme thermophiles [119,78,106].The
extremophiles majorly include; Halophiles,
Thermophiles, Barophiles, Pscryophiles and
Acidophiles[194,15].They have adapted to grow
under extreme conditions such as high
temperature (>100°C), high salinity (saturated
NaCl), extremes of pH (<2.0, >10.0), High
pressure (> 50 MPa), presence oforganic
solvents (e.g. > 1% toluene) or heavy metals and
substrate stress. These kinds of extreme
microbial growth conditions are found in exotic
environments which were more widespread on
primitive Earth.

Thermophilic and hyperthermophilic
microorganisms are found as normal inhabitants
of continental and submarine volcanic areas,
geothermally heated sea-sediments, hydrothermal
vents, solfataric fields; steam-heated soils, mud
holes, surface waters; deep hot springs;
geothermalpower plants as well as submarine
hot springs and fumaroles; hot sediments and
vents,”black smokers” or “chimneys”; and
active sea-mounts[67,50,200]. Thermophiles are
further subcategorized on the basis of their
temperature tolerance: for instance, facultative
thermophiles, can grow at temperatures
between 50°C-65°C, but also grow also at
37°C; obligative thermophiles have maximum
growth temperatures of 65°C - 70°C, extremely
thermophiles can grow between 40°C-70°C with
an optimal growth temperature of about 65°C
.Hyperthermophiles, mainly comprising of

archae, can grow over 90°C with a range of
optimal temperatures between 80°C-
115°C.Thermophiles are reported to have
proteins which are thermostable and resist
denaturation and proteolysis [149]. In addition,
thermophilic bacteria, actinomycetes and archae
adapt to high temperatures by increased
electrostatic, disulphide and hydrophobic
interactions in their proteins and produce
biotechnologically valuable compounds, such as
thermostable  extremozymesthrough  various
adaptive mechanisms [175,135].

Thereare various extremozymes like cellulases,
amylases, xylanases, proteases, pectinases,
keratinases, lipases,esterases, catalases, peroxidases
,phytases and DNA polymerases(e.g.Taq
polymerase)  which  provide a clearer
understanding of the origin of life, Currently,
only 1-2 % of the microorganisms on the Earth
have been commerciallyexploited and amongst
these there are only a few examples of
extremophiles [93].Due to ever increasing
industrial growth, the demand for thermostable
enzymes has tremendously increased.An
additional ~ application  for  themophilic
enzymesis the development of new processes to
reduce therelease of environmentally harmful
chemicals byreplacement of existing chemical
reactions withenzymatic reactions. A good
example can be foundin the paper-pulping
industry.By addingthermostable xylanases to the
unbleached pulp it is possible to remove parts of
the lignin by hydro lysing the bonds that link the
lignin, via xylan, to the cellulose fibbers. The
use of hemicellulases in bleaching is considered
as one of the most important, new large scale
industrial applications of enzymes [169].There
are many existing applications in whichmore
thermally stable versions of enzymes now used
will be advantageous.

This is especially true in the hydrolysis of corn
starch to produce high fructose corn syrup.
Amylolytic enzymes are now used at
temperatures exceeding 100°C in some cases to
hydrolyse liquified starch to oligosaccharides
and eventually to glucose. Glucose is then
partially  isomerized to fructose using
immobilized xylose (glucose) isomerase. Many
of these same enzyme activities are available in
extreme thermophiles. So far, about 70 species
of hyperthermophilic bacteria and Archaea are
known, which had been isolated from different
terrestrial and marine thermal areas in the world.
Hyperthermophiles are very divergent, both in
terms of their phylogeny and physiological
properties, and are grouped into 29 genera in 10
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orders. Great variety of bacteria has been
isolated from hot springs. These include, mats
of cyanobacteria and other photosynthetic
bacteria (purple and, green bacteria), Thermus,
Thermotogales, Aquificals were commonly
found in Hot springs environments. Certain
Enterobacteria such as Bacillus, Clostridium and
Thionic bacteria (Thiobacillus) were also
inhibiting hot springs [201,55].

Hyperthermophiles are adapted to distinct
environmental factors including composition of
minerals and gasses, pH, redox potential, salinity
and temperature. Most hyperthermophiles exhibit a
chemo lithoautotrophic mode of nutrition:
inorganic redox reactions serve as energy
sources (chemolithotrophic), and CO, is the
only carbon source required to build up organic
cell material (autotrophic). Therefore, these
organisms are fixing CO, by chemosynthesis
and are designated chemolithoautotrophs.

The energy-yielding reactions in chemoli-
thoautotrophic hyperthermophiles are an aerobic
and aerobic types of respiration. A variety of
hyperthermophiles are adapted to the high
salinity of sea water of about 3% salt. They are
represented by members of the archaeal genera
Pyrolobus, Pyrodictium, Hyperthermus, Stetteria,

Thermodiscus, Igneococcus,  Staphylothermus,
Aeropyrum,  Pyrobaculum,  Methanopyrus,
Pyrococcus, Thermococcus, Archaeoglobusa

and Ferroglobus and of the bacterial genera
Aquifex and Thermotoga. The organism with the
highest growth temperature is Pyrolobusfumarii,
exhibiting an upper temperature border of
growth above 113° C. In contrast to thermophilic
microorganism recently a wide diversity of cold
adapted microorganismshave been found in
various low temperature environmentsand their
enzymes attracted interests because of their
biotechnological potential offering economical
and ecological advantages such asenergy saving,
function in cold environment, minimizing
undesirable chemical reactions that occur at high
temperature, and inactivating easily by heating
when required [92,185,153,39].

Psychrophilic microorganism living in cold
environments, such as glacier silts, place of high
altitude in Himalaya, Arctic soils and Antarctic
environments, are potentially useful sources of
cold-adapted enzymes.Cold active enzymes are
attractive in food industry, e.g.processing of
fruit juices and milk, as there is anincreasing
industrial trend to treat food stuffs under low
temperature conditions in order to avoid
changes in tasteand nutritional value, and to

save energy [153,185]. Approximately 80% of
our planet’s biosphere is permanently cold that
is, at temperatures below 5°C. This includes
much of the world’s oceans which cover 70% of
the Earth’s surface—the polarregions, which
encompass Antarctica and parts of North
Americaand Europe that are within the Arctic
circle, montane regions (Alps,Himalayas and
Rocky Mountains), the mesosphere and
stratosphere, and to a lesser extent, man-made
habitats such as  fridgesand  freezers
[40,152,184] Psychrophilic prokaryotes are
widespread among bacteria and archaea and can
be found with in the genera Aletromonas,
Halobacterium, Shewanella, Psychrobacter,
Pseudoalteromonas,  Arthrobacter, Colwellia,
Gelidibacter, Marinobacter, Psychroflexus,
Pseudomonas, Methanolobus and
Methanococcoides [60].

Several species of eukaryotic microalgae have
also adapted to growth at low temperature and
thrive inmelting snow and can color the snow
pink, red, green, or yellow [105].
Chlamydomonasnivalis is the most common
species of the snow algae. Other algae that grow
on snow include species ofthe genera
Ankistrodesmis, Chloromonas and Raphidonema.
Chlamydomonas nivalis is a green algathat
grows actively as the snow melts during the
spring and summer and sunlight penetrates the
snowpack. Although the vegetative cells of
Chlamydomonas nivalis are green, it has bright
red spores. Their presence in large numbers
produces large expanses of red “watermelon
snow”.The lowest temperature for growth (-2°C)
in marine polar ecosystems is recorded for the
sulfate reducing bacteria, (Desulfovibrio,
Desulfosarcina, Desulfoto-maculum, Desulfobulbus,
Desulfobacter, and Desulfobacterium) were present
in the lake [146]. Prokaryotic extremophile that
grows at the lowest temperature (-10° C) and 10
% salinity currently known is  the
psychrotolerant mesophilic species Psychrobacter
cryohalolentis, which was isolated from the
permafrost of the Kolyma Lowlands of North
Siberia [19]. Psychrobacter submarinus is the
most halotolerant true psychrophile growing
around 15 % salinity [144]. The true halophilic
species within psychrophiles remain
undiscovered. Methanotrophic  psychrophilic
species of the genus Methylocella tolerate acidic
pH at 4.5 but the mesophilic species
Acidiphilum acidophilum tolerates pH 1.5 at 15
°C (the minimum temperature for growth). True
psychrophilic acidophiles are unknown or, most
probably, do not exist at all. The alkaliphilic
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psychrophiles, Rhodonellumpsychrophillum and
Arsuki-bacterium ikkense, are the “champions”
growing at pH 10.5.In addition to adaptations
cold environment microbs adapted for acidic
environments, acidophiles are also typically
adapted to  environments  with  high
temperatures, high salinity or heavy metal
concentrations because these conditions often
co-occur, for example, in areas of acid
drainage[41,168,63].

Alkalophiles thrive in alkaline environments
such as gypsum-based soils or soda lakes and
are often halophiles. They encompass bacteria
from different genera including among others
Bacillus, Halomonas andPseudomonas [186] as
well as archaea belonging to the genera
Halalkalicoccus, Halobiforma, Halorubrum,
Natrialba, Natronococcus and Natronorubrum
[35]. Deep-sea and deep  subsurface
environments host piezophiles (barophiles), a
group of extremophiles that produce compatible
solutes and polyunsaturated fatty acids and form
multimeric and antioxidant proteinsthat enable
them to survive wunder extremely high
hydrostatic ~ pressures  [120,225]. Most
piezophiles are psychrophilic gram-negative
bacterial species that belong to the genera
Shewanella, Psychromonas, Photobacterium,
Colwellia, Thioprofundum and Moritella, but
some are archaea derived and can be found
among the genera Thermococcus, Sulfolobus
and Pyrococcs [225]. Metalophiles are also
acidophiles and include both bacteria from the
genera  Acidithiobacillus, Leptospirillum,
Alicyclobacillus, Acidiphilium, Acidimicrobium,
Ferrimicrobium and Sulfobacillus and archaea
from the genera Ferroplasma, Acidiplasma,
Sulfolobus, Metallosphaera and Acidianus
[117,63] Radiophiles are found among various
microbial groups and species including bacteria
from the genera Deinococcus, Bacillus,
Rubrobacter and Kineococcus; the family
Geodermatophilaceae and cyanobacteria including
the genera Nostoc and Chroococcidiopsis [36,
94,21,84]. Ethiopia consists of different hyper
extremophile and extremophile  microbial
ecology in different part of the country among
these the Danakil Valley occurs in the Afar
Triangle, within the Great Rift Valley, on north-
east Ethiopian, south-east Eritrean and west
Djiboutian territoriesare the most unexplored
microbial ecosystem and also around 10 high
pick above 3500m.a.s.l area. During global plate
reorganisations, the East African rift system
moved northward from the Mesozoic Anza rift
system into the Afar depression and cut across

rift structures of the Red Sea and Gulf of Aden.
The Red Sea, Gulf of Aden and Ethiopian rifts
intersect in a complex zone within the central
Afar depression, creating the typical rift-rift-rift
triple junction zone [221,216].1t is an enormous
unsettled area with barren soil. From the North
to the South it is about 570 km long, and its
width varies from 80 to 400 km (covering an
area~200000 km? [28]. Most of it lies below sea
level. It also has the deepest depression of the
African continent, the shoreline of lake Asal
reaching 155 m b.s.l. [216].1t’s geological,
climatic, cultural and landscape features are
unique on a global scale. Hot sulphur springs,
multicolour salt and mineral crusts, rifts, faults,
black lavas, vaporous geysers and active
volcanoscreate one of the most weird and
beautiful landscapes on Earth.Nowhere else can
so many unusual phenomena and geological
processes be observed: plate divergence,
tectonic rifts, faults, earthquakes, volcano
eruptions, lava outflows, a lake of hot lava in a
crater, hot springs, steam and gas exhalations,
evaporation, deflation, corrasion, saline lakes,
colourful salt crust and sand dunes. It is the
hottest place on Earth, where during the dry
season (in July and August) thermometers can
read 50 °C [98]. Average temperature for the
whole year is 34 °C [43].Considering how
inhospitable Danakil is for its inhabitants, the
place seems to be even more interesting and
worth visiting. The Danakil depressionhas lost
its water because of desert evaporation and is
drydown to Lake Dalol (acid water), 126 m
below sea level. LakeAfrera is another salt lake
which lies 118 m b.s.l. betweenthese two lakes,
there is the multiple shield of volcano of
ErtaAle, occupying most of the depression floor.
It is the largestand most active of all 34
volcanoes (5 active) situated in theAfar
Triangle. The Erta Ale is a typical shield
volcano withgentle slopes and elliptical shape
due to its location over a majorfissure zone
along the axis of the Danakil depression both
the central vents and the main parasitic vents. Its
perimeter lies more than 100 m below sea level
and the summit rises to 613 m above sea level.
The Erta Ale is an unusual volcano becauseof
the lake of hot, liquid lava in its crater.

At Denacle depression such as acidic or hot
springs,saline and/or alkaline lakes, include high
temperature, pH, pressure, salt concentration,
high levels of radiation, harmful heavy metals
and toxic compounds (organic solvents) are
found, which are too harsh for normal life to
exist. Microorganisms have evolved several
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structural and chemical adaptations, which
allow them to survive and grow in extreme
environments. The enzymes of these microbes,
which function in extreme environment is
thermo stable (extremozymes) have several
biotechnological  applications.  Antibiotics,
compatible solutes and other compounds
obtainable from these microbes are also finding
a variety of uses (Tablel).

Existance of these extreme environment support
biotechnologically too important acidophil,
alkalophil, halophilic microorganisms. This is
the unique potential Ethiopian  Hyper
extremophile and extremophile  microbial
ecology still needs great exploration and
scientific study for the contribution of
biotechnologically important enzymes and
understanding life process in primitive world
and in astronomy studty (Figure.1).

In addition to low land below sea level there is
also high land above 3500m.a.s.l in Ethiopia for
their psychrophilic microbial ecology and
microbial community (Figure2).They also
boasts of spectacular beauty. The Simien
Mountains National Park, home to Mount Ras
Dashen, Mount Ancua, and Mount Bwabhi, is a

Some of extromophil microbial enzymes

world heritage site. Despite the overall high
elevation of Ethiopia, the Simen range is the
only place in the country that is regularly snow-
covered in winter. Bale Mountains National
Park, which hosts Mount Tullu Dimtu, is
waiting to be declared a world heritage site.

The Ethiopian Highlands share a similar flora
and fauna of other mountainous regions of
Africa; this distinctive flora and fauna is known
as Afromontane but from the time of the last Ice
Age has been populated with some Eurasian
(palearctic) flora.

The habitats are somewhat different on either
side of the Great Rift Valley that splits the
highlands. Above 3000 meters elevation lie the
high Ethiopian montane moorlands, the largest
afroalpine region in Africa.

The montane moorlands lie above the tree line,
and consist of grassland and moorland with
abundant herbs and some shrubs that have
adapted to the high mountain conditions.
Around 10 Ethiopian highest mountains pick
also great potential for physcrophilic microbial
ecology still need exploration and metagenome
study (Table.2).

Species T° Habitat Enzyme Reference
Sulfolobales
Sulfolobus acidocaldarius 75 Terrestrial | DNA polymerase , Proteinase | [66,138,29,75]
RNA polymerase ,Topoisomerase
I, Topoisomerase Il
Sulfolobus solfataricus 80 Terrestrial | DNA polymerase, s-Adenosyl- | [177,179]
homocysteine-hydrolase
Thermoproteales
Thermoproteus tenax 88 Terrestrial | RNA polymerase [29]
Pyrobaculum aerophilum 100 Marin Proteinase [215]
Methanopyrales
Methanopyrus kandleri 98 Marin Topoisomerase type | [197]
Pyrodictiales
Pyrodictium occultum 105 Marin DNA polymerase [212]
Thermococcales
Pyrococcus furiosus 100 Marin Proteinase, DNA-polymerase [212]
Pyrococcus woeseli 100 Marin Proteinase [130]
Thermococcus stetteri 75 Marin Proteinase [130]
Thermococcus AN1 75-80 | Terrestrial | Proteinase [130]
Thermococcus celer 87 Marin Proteinase [130]
Thermococcus litoralis 88 Marin Proteinase [130]
Desulfurococcales
Desulfurococcus amylolyticus | 90 Terrestrial | Topoisomerase type |, Proteinase | [197]
Desulfurococcus mucosus 88 Terrestrial | RNA polymerase [29]
Staphylothermus marinus 92 Marin Proteinase [130,54]
Thermoplasmales
Thermoplasma acidophilum 55-60 | Terrestrial | DNA polymerase [29]
RNA polymerase [29]
Topoisomerase [75]
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Table2. Highest Mountains in Ethiopia as a potential psychrophilic microbial ecology

Mountain Elevation
1 Ras Dashen 4,620 meters
2 Ancua 4,462 meters
3 Kidis Yared 4,453 meters
4 Bwahit 4,437 meters
5 Tullu Demtu 4,377 meters
6 Amba Farit 4,270 meters
7 Abune Yosef 4,260 meters
8 loll 4,220 meters
9 Bada 4,195 meters
10 Kaka 4,193 meters
11 Ch’ilalo Terara 4,036 meters
12 Guge 4,200 meters
13 Amba Alage 3,949 meters
14 Baylamt’u Terara 3,777 meters
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Figurel. (Thermophilic, acidophilic, Halophilic ,Alkalophilic,Barophilic extrmophil microbial ecology of
Ethiopia) A. Small salt lake located about 5 km south of the Dallol Volcano, B.Gentle saline balloons in Dallol
Volcano, C.Salt field, teepee structure, Asale Lake region, photo Z. Preisner, D.Salt mushrooms structures near
the Dallol Volcano,(E-I).Acid lake with salt deposition inside the subsidence structure. Small salt pillars seen in
the background Dallol below sea level -126m. (J,L,L) Afdera lake and Asle lake( Halophilic microbial
Ecology),(M,N,O(Rift valley hot spring (Thermophlic microbial ecology),(P,Q,R)Ear tale ( Fire lake Hyper
thermophilic microbial ecology)(Photo Birhanu Gizaw 2011G.C).

15 Annals of Microbiology and Infectious Diseases V1 e 14 e 2018



Potential Microbial Ecology in Ethiopia and Ex-isitu Conservation Effort

SoliL MICROBIAL ECOLOGY

Soil microorganisms are considered hyper-
diverse and ubiquitous however, shifts in
community response have been documented
under variable biotic or abiotic conditions [76].
The wide ranges of topographic and climatic
factors, parent material and land use have in
Ethiopia resulted in extreme variability of soils
[71]. In different parts of the country, different
soil forming factors have taken precedence.
According to the Ministry of Agriculture about
19 soil types are identified throughout Ethiopia.
(Table.4). Soil is a highly heterogeneous
environment with its enormous microbial
community and species diversity [56].Microbial
diversity in soil ecosystems exceeds, by far, that
of eukaryotic organisms. One gram of soil may
harbor up to 10 billion microorganisms of
possibly, thousands of different species.Several
hundreds of metres of fungal hyphae.Soil
Studies based on molecular techniques have
estimated about 4,000 microbial species per

gram of soil sample [160] (Table3).
Microorganisms play an important role in the
soil environment. They are the critical factors
that determine soil organic matter decomposition,
nutrient  cycling,  soil  degradation  and
bioremediation of soil pollution [133,139]. Mineral
composition, texture, SOC concentration,
pedogenic  processes,  microbial  activities,
exchangeable ions, nutrient  reserves, and
moisture availability [123]. Due to different soil
type and nutrient in side consisting divers and
many microorganisms. Within the soil there
exist many microbial interactions with, for
example, soil invertebrates, therhizosphere (the
3-4 mm layer of soil surrounding plant roots),
mycorrhizal fungal associations and plant—
pathogen relationships, and these associations
contribute to the development and activity
ofmicrobial communities in soils, Thus 19 soil
types with at different altitudinal ranges and
vegetation as well as croptypes favour a great
diversity of microbial community in Ethiopia.

Figure2. Ethipian highes pick (A.Bale senate plato B.North mountainnational park(Psychrophilic

microbialecology above 4000m.a.s.l)
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Dominant bacterial phyla in soil (adapted from [115]

Phyla/Subphyla Mean Range Examples
Contribution (%)
(%)
a-Proteobacteria |19 2-43 Sphingomonas, Rhizobium, Mesorhizobium, Bradyrhizobium,
Methylobacter, Methylophilus, Nitrospira,  Nitrobacter,
Rhodobacter
[S-Proteobacteria |10 2-31 Burkholderia, Alcaligenes, Acidovorax, Collimonas,
Nitrosospira, Thiobacillus, Rhodocyclus,
y-Proteobacteria |8 1-34 Pseudomonas, Xanthamonas, Azotobacter, Thiocapsa,
Chromatium
Verrucomicrobia |7 0-21 Chthoniobacter, Opitutus
Bacteroidetes 5 0-16 Chitinophaga
Firmicutes 2 0-7 Clostridium, Bacillus, Lactobacillus
Chlorofl exi 3 0-16
Planctomycetes 2 0-8
Gemmatimonadetes | 2 0-4 Gemmatimonas
Other groups 5 2-10
Unknown 2 0-13
Soils Type and Distribution in Ethiopia.
Soil type Area (km2) Percent
Acrisol 55,726.5 5.0
Cambisol 124,038 11.1
Chernozems 814 0.07
Rendzinas 16,348 1.5
Gleysols 5,273.5 0.47
Phaeazems 32,551 2.9
Lithosol (Leptosols) 163,185 14.7
Fluvisols 88,261.5 7.9
Luvisols 64,063.5 5.8
Nitosols 150,089.5 13.5
Histosols 4,719.5 0.42
Arenosols 9,024 0.81
Regosols 133,596 12.0
Solonetz 495 0.04
Andosols 13,556 1.2
Vertisols 116,785 10.5
Xarosols 53,171 4.8
Yermosols 34,950 3.1
Solonchaks 47,217.5 4.2

PHYLOSPHERIC, RHIZOSPERIC, RHIZOPLAN
AND ENDOPHYTIC PLANT AND CROPS
MICROBIAL ECOLOGY

Ethiopia is one of the top 25 biodiversity-rich
countries in the world [217] and hosts two of the
world’s 34 biodiversity hotspots, namely the
Eastern Afromontane and the Horn of Africa
hotspots. It is also among the countries in the
Horn of Africa regarded as major centre of
diversity and endemism for several plant
species. The phyllosphere is broadly defined as
the surfaces and internal parts of the aerial
structures of plants, including flowers, fruits,
stems and leaves. Specialized microbial
colonists, phytopathogens, spoilage organisms

17 Annals of M

and periodic immigrants have all been described
as residents of this physically diverse habitat.

Bacteria are by far the most numerically
abundant colonisers of the phyllosphere, and
typical community densities in the order of 2
xI0” cells per cm? of leaf surface have been
recorded [13] although these numbers can vary
from as little as 10° to in excess of 1 x 10 in
arid and senescing leaves respectively. The
abundance of life in the phyllosphere is matched
by the habitat range that plants occupy in both
terrestrial and aquatic environments. Plant
leaves provide the greatest surface area on the
planet, tolerating geographic and climatic
extremes that can fluctuate on a daily cycle from
sub-zero night time temperatures to leaf surface
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temperatures that exceed 50°C in direct sunlight.
Endophytes' are organisms that inhabit internal
plant tissues without apparent disease symptoms
[176]. Endophytes are ubiquitous and probably
all vascular and non-vascular terrestrial plants
harbour them. They have also been isolated
from fresh water and marine plants, and from
lichens. Endophytes may be distributed in a
hyper diverse pattern especially in tropical trees,
of which single leaves may be colonised by
numerous discrete individual mycelia, some
occurring commonly, others being rare. [107].
Rhizospher is microbial community around
plant root; the rhizoplan is microbs adhering
with plant root. Rhizosphere microbial colonies
have dynamic association with biogeochemical
cycling of nutrients (C, P, N, and S) and
production of phytohormones or antibiotics
[38]. PGPR are well known to colonize plant
roots and stimulate plant growth [13].
Azospirillum sp., Bacillus subtilis sp., and
Pseudomonas sp. have been well studied as
plant rhizosphere-colonizing microorganisms
[203].

The rhizosphere, influenced by root secretions,
can contain up to 10" microbial cells per gram
root [65] and more than 30,000 prokaryotic
species [157]. Soil microorganisms (free-living,
associative, and symbiotic rhizobacteria)
belonging to the genera like Acinetobacter,
Burkholderia, Enterobacter,  Alcaligenes,
Arthrobacter, Azospirillum, Azotobacter,
Bacillus, Erwinia, Flavobacterium, Rhizobium,
Serratia, Xanthomonas, Proteus, and
Pseudomonas are the integral parts of
rhizosphere biota [91] and exhibit successful
rhizosphere colonization.Ethiopia constitute

about 6500-7000 species vegetation. Woody
plants constitute about 1000 species [109].
Other source indicte that The Ethiopian flora is
estimated to about 6000 species of higher plants
of which 10% are considered to be endemic[99].
Woody plants constitute about 1000 species out
of which 300 are trees. The natural vegetation is
classified into 12 major vegetation types. Out of
these, six are categorized as forest vegetation
[109]. As the result of its diverse agroecolgy in
Ethiopia is endowed with diverse crop genetic
resources. Thus, the country is one of the
Vavilovian centers of origin and diversity for
various crops [214] Ethiopia is a centre of origin
for many cultivated plants such as Tef
(Eragrostis tef), noug (Guizotia abyssinica),
Ethiopian mustard (Brassica carinata), enset
(Enseteventricosum), anchote (Coccinia
abyssinica) and coffee (Coffea arabica). The
country is also a centre of diversity for species
such as wheat (Triticum sp.), barley (Hordeum
vulgare), sorghum (Sorghumbicolor), pea (Pisum
sativum), cowpea (Vigna unguiculata), chickpea
(Cicer arietinum), lentil (Lensculinaris), chat
(Catha edulis), shiny-leaf buckthorn (Rhamnus
prinoides), cotton (Gossypium herbacieum), castor
bean (Ricinus communis), oats (Avena abyssinica),
and clovers (Trifolium Sp). Wild relatives also
exist for most of these species. All these diverse
vegetation and cops in Ethiopia harbors
magnificent number of Phylospheric, Rhizosperic,
Rhizoplan and endophytic microbial communityare
a source of phosphate solubilizer, nitrogen fixer,
and Antibiotic, Hydrogen cyanides, sidrophre,
phyotohormon, ACCdiamase enzyme producer
and these great microbial ecology needs to be
explore for agricultural and environmental
application. (Table 5)

Plant groth promoting rhizobacteria and their use

PGPR Activities Microbs species/Genera Reference
Nitrogen fixers Enhancement in the nitrogen|Enterobacter, Erwinia, Flavobacterium,| [90,31,88,7]
content of soil and hence|Frankia, Klebsiella, Burkholderia
improvement in plant growth and|Pseudomonas, Rhizobium, Azospirillum,
yield Enhancement in the|Alcaligenes, Azotobacter, Acetobacter,
nitrogen content of soil and|Bacillus,
improvement in plant growth and
yield
Phytohormone production Favorable influence on(Rhizobium, Pseudomonas, Azotobacter,| [74,48,6]
physiological plant processes|Bacillus, Enterobacter, Alcaligenes
leading to plant  growth|Bradyrhizobium, Xanthomonas
promotion
Siderophore production Enhancement in solubilization|Pseudomonas, Bacillus, Serratia,| [49,132,
of ferric ions and hence|Rhodococcus, Acinetobacter 183,187]
improvement in iron availability
for plants. Also contribute
towards phytopathogen
inhibition
Phosphate solubilization Conversion of insoluble forms|Bacillus, Pseudomonas, Rhizobium,| [110, 42,
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of phosphorus to  plant|Serratia, Kushneria, Rhodococcus,|226]
accessible form, making it|Arthrobacter
available to the plants
Antibiotic Inhibition of soil bornephyto|{Pseudomonas, Bacillus, Serratia,| [209,10,
production pathogens thus leading to|Streptomyces 154,121,
suppression of the diseases 147,116]
Lyticenzymes production Laminarinase Cell lysis of soil|Pseudomonas, Bacillus, Serratia [79,83,
(Chitinases, b - 1,3 glucanases, |borne fungal pathogens of plants 166]
proteases, cellulases and
laminarinase)
ACC deaminase Hydrolysis of|Reduction in ethylene|Pseudomonas, Bacillus [23]
ACC production andplant growth
promotion.
Salicylic acid production Induced systemic resistance|Bacillus, Serratia [61,20]
(ISR) in plants against
pathogens
organic acids Production Solubilization ~ of  mineral [Pseudomonas, Bacillus, rhizobiac [22,171]
nutrients for plant uptake
Metal resistance Effective metal sequestering Pseudomonas [143]

ETHIOPIA TRADITIONAL Foob,
CONDIMENTS AND BEVERAGE A POTENTIAL
MICROBIAL ECOLOGY

Ethiopia is one of the countries where a wide
variety of traditional fermented foods,
,beverages,suacse and condiments are consumed
during religious ceremonies, social gatherings,
burial ceremonies, holidays, marrage ceremony,
non religious ceremonies and iqub as well
different festivals etc.The diverse above 80
ethnic groupsin the country gave rise to the
existence of cultural diversity and life style thus
to use their own traditional foods such as Injera,
Kocho, Bulla ,Yoghurt, Curdle, Cheese and
local drinks and condiment such as Tella, Tej,
Borde, Cheka , Areke, Awaze, Shameta, Azo,
Datta, siljo, keriboare a potential microbial
ecology in ethiopia, (Table6 and Figure3).
Especially beverage lactic acid bacteria, acetic
acid, yeast and filamentous fungidiversity are
magnificent [77,9,89]. These microbs associated
with fermented food and beverage has great
health advantages.Fermented foods have high
nutritional values (VitaminKj, trace minerals, B-
vitamins), are easy to prepare and are

economical.Fermented foods contain healthy
live bacteria known as probiotics, such as
Bifidobacteria and various Lactobacilli improve
immune status of the colon, and are involved in
preventing and depleting pathogenic and
infectious bacteria in the gastrointestinal tract.
Further more, probiotic bacteria areeffective
against lactose intolerance and diarrhoea [141,
165]. These organisms are reported tohave
bacteriostatic, bactericidal, viricidal, anti-
leukaemic and antitumor effects in the consumer
[189,195]. Probiotic microorganisms have great
physiological impact as their fermentation of
complex, nondigestiblecarbohydrates in the
colon produces short chain fatty acids that have
numerous benefits. These short chain fatty acids
are reported to play a role in preventionagainst
colon cancer and other diseases[124,141].This
wide number of traditional food and beverages
unique in raw material types, methods of
preparation,  types  brewing  equipment,
fermentation nature and period, utilization
culture harbor magnificant diversity of
microorgnisms in Ethiopia still need great
exploration for health application and
pharmaceutical industry. (Figure 4,5,6,7,8)
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Figure 3. Some Ethipian traditional food and Beverage 1.Cheka, 2.Tej,3.Tella, 4.Borde,5.korefe, 6. Injera,7.

Kocho bread
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Figure 4. Types of raw materials and equipment used for preparation and utilization of Cheka beverage in
arbamich, konso, Jinka area of southern Ethiopia.(Photo,BirhanuG.)

Figure 8. Some of traditional beveragedrinkingculture in diffent socity of Ethiopia(Photo Birhanu Gizaw
2012G.C)
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Ethiopian traditional food, condiments, beverage and their microbial association

Microbial Species Source
Fermented |Wakalim Lactobacillus  plantarum, Lactobacillus  brevis, Lactobacillus|[126]
sausage delbrueckii spp. Lactis Lactobacillus pentosus
Dairy Cottege Lactobacillus  plantarum, Lactobacillusfermenti,  Kluyveromyces|[161]
product |cheese bulgaricus, Candida psudotropicalis, Kluyveromyceslactis
Curdle milk |Lactobacillus, Lactococcus, Leuconostoc, Enterococcus and|[8]
Streptococcus (LAB). Micrococcus species
Yoghurt St. thermophilus, L. delbrueckii ssp. bulgaricus
Fermented |Ititu Lactobacillus salivarius, Lactobacillus plantarum, Lactobacillus|[69]
camel milk delbrueckii subsp. Bulgaricus, Lactococcus lactis subspecies cremoris,
Lactococcus lactis subspecies lactis, Enterococcus faecalis
Naturally |Dhanaan Streptococcus and Lactococcus (Lactobacillus  bulgaricus and|[173,30]
fermented Streptococcus thermophilus
sour camel
milk
Beverege |Tella L. pastotianumi, Saccharomyces carlsbergensis, Saccharomyces [188,24]
Cerevisiae, Acetobacter  xylinum  Lactobacillus  pastorianum,
Enterobacteriaceae, Lactobacillus, Lactococcus,
Tej Sccharomycescerevicieae,Kluyveromycesveronae,Kluyveromycesbulgar |[25]
icus, Debaromyces phaffi.
Borde Weissella confusa, Lactobacillus brevis, Lactobacillus viridescens,|[125]
Pediococcus pentosaceus and P. pentosaceussubsp. intermedius
Lactobacillus curvatus, P.acidilactici, Lactobacillus collinoides,
Lactobacillus sanfrancisco, Lactobacillus pontis and Lactobacillus
delbrueckii subsp. delbrueckii
Cheka
Keneto
Keribo
korefe Lacticacid bacteria; (Lactobacillus, Lactococcus, Pediococcus,|[87]
Enterococcus, Weissella Spp.)
Bukire
Merissa
Booka
Sprite(Areke)
Bubugn Lacticacid bacteria;mold,yeast,mesophilicareobic bacteriia [211]
Imbushbush
Shamita Streptococci, micrococci, staphylococci, Bacillus spp.,Saccaromyces,|[127]
Rhodotrula spp.
Food Injera Pediococcus  pentosaceus Lactobacillus  fermentum  (28.04%),|[16]
Lactococcus piscium, Lactococcus plantarum (Pediococcus acidilactici,
Leuconostoc mesenteriodes subsp. mesenteriodes, Lactococcus
raffinolactis, L.mesenteriodes  subsp.dextranicum, Enterococcus
casseliflavus, and Saccharomyces cerevisiae Candida humilis, Candida
tropicalis  Saccharomyces exiguus and Pichia norvegensis,
Lactobacillus plantarum, Lactobacillus brevis, and Lactobacillus
fermentum
Kocho Lactobacillus, Leuconostoc,Pediococcusand Lactococcus,Cryptococcus|[167,32,16
albidus var. aerus, Guilliermondella selenospora,  Rhodotorula|4]
acheniorum Trichosporon  beigelii,  CryptococcusterreusA,
Candidazylandase, Kluyveramyces delphensis, luenstoc,
Leucnostocmesenteroides, Lactobacilluscoryneformis, Lactobacillus
plantarum, Clostridiumbutryricum,  Clostridium  beijerinckic,
Clostridium  stickalandi, Bacillus.subtalis, Bacilluslicheniformis,
Bacillus ceneus, Rhdotrul glutinis, Kluyuveremyces maxiamus, Pichia
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membranefaciens

Bulla Lactobacillus, Leuconostoc, Pediococcus and Lactococcus spp,|[164]
Rhodotrula glutines, pichia membranefacanies, Bacillus spp.
Condiment |siljo Lactobacillus acidophilus, L. plantarum and L. delbruekii,|[208]
S Saccharomyces cerevisieae, Rhodotorula glutinis, Yarrowia lipolyficu
and S. rouxii,Micrococcus, Bacillus, Lactobacillus
Awaze
Azo Lactobacillus plantarum, Lactobacillus delbrueckiisslactis,|[68]
Streptococcus criceti
Data

REMUN MICROBIAL ECOLOGY

The inhabitants of the rumen microbial
ecosystem, a complex consortium of different
microbial ~ groups living in  symbiotic
relationship with the host, act synergistically for
the bioconversion of lignocellulosic feeds into
volatile fatty acids which serve as a source of
energy for the animals. (Table7)The rumen is a
suitable environment having unique
characteristics such as temperature around 38 to
42°C, redox potential was found (-350 mV, with
fluctuations between -250 and -450 mV), In the
rumen, a, with result of a strong ambient
environment due to the lack of oxygen.The
rumen is usually well buffered, due to the
presence of bicarbonates and phosphates
founded in continuous flow of saliva, Saliva
production can be high in a cow, reaching over
180 L/day. However, the pH can vary due the
nature of the diet, but typically found between
55 and 7.0 when ruminants are fed with
predominantly on forage diet [1, 178,181,
145,206 ].

The efficiency of ruminants to utilize such a
wide variety of feeds is due to highly diversified
rumen microbial ecosystem consisting of
bacteria (10°-10™ cells/ml, representing more
than 50 genera), 10° archaea per g digesta,
ciliate protozoa (10°-10%ml, from 25 genera),
anaerobic  fungi  (10°-10°  zoospores/ml,
representing five genera) and bacteriophages
(108-10%ml)1.

These numbers might even be larger as majority
of them are non-culturable. The diversity of
bacterial and archaeal species in the rumen is
estimated to be approximately 7,000 and 1,500
species, respectively.Which represented 19
existing phyla, with Firmicutes (~56%),
Bacteroidetes (~31%), and Proteobacteria (~4%)
being the predominant [113]. The synergism and
antagonism among the different groups of
microbes and even among different genera of
the same group is so diverse and complicated
that it is difficult to quantify the role played by

any particular group of microbes present in the
rumen.Methanogens are present in the rumen in
large numbers varying from 10’ to 10° cells/ml
of rumen liquor dependingupon the type of diet
given to the animals.Seven different species
representing five genera of methanogens have
been reported from the rumen of different
animals, i.e. Methanobacterium formicicum,
Methanobacterium bryanti, Methanobrevibacter
ruminantium,  Methanobrevibacter  smithii,
Methanomicrobium mobile, Methanosarcina
barkeri  and  Methanoculleus  olentangyi
[118,114].

The methanogens play a vital role in the rumen
of scavenging molecular hydrogen generated
during rumen fermentation, thereby making
rumen fermentation a continuous process, but
this leads to a significant loss of gross energy
consumed by the animals. There is also a close
association between entodinio morphid protozoa
and some of the bacteria, which attach to the
pellicle of protozoa.

Eleven species of entodiniomorphid protozoa
have been found to have adhered methanogens
like Entodinium longinucleatum, Eudiplodinium
maggii, Entodinium bursa and Eremoplastron
bovis. The methanogens attach themselves with
the ciliate protozoa to get a constant supply of
hydrogen.

On pumping hydrogen in the rumen, the
methanogens get detached from the protozoa
[202].In Ethiopia a total of 47.5million cattel
exists and 28 cattle breed [70] but other sources
put the numbers higher 55.03 Million.

These are comprised 27.35 million sheeps with
9 sheep breeds, 28.16 million with 8 goat breeds
, 1.1 million with 7 camel breeds, 6.95million
with 6 donkey breeds , 1.96million with 8 horse
breeds, 0.36million with 2 mule breeds and
51.35 million with 7 chicken breeds. This huge
population of cattles with differs in breeds,
geographical area, and grazing habits, feed and
fodder type in Ethiopia which harbors
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verydiver’s remun microbial community used potential microbial ecology in Ethiopia still

need great exploration.(Figure9).

for different biotechnological application and a

Figure 9. Cattle at Borenazone (.(Photo,BirhanuGizaw.)

Table 7. Commonly known rumen microbial community.

Fibrobacter succinogenes Megasphaera elsdenii
Bacteroides succinogenes Peptostreptococcus elsdenii
Ruminococcus flavefaciens Wollinella succinogenes
Ruminococcus albus (Vibrio succinogenes)
Clostridium cellobioparum Veillonella gazogenes
Cellulytic |Clostridium longisporum Acid utili (Veillonella alcalescens,
bacteria idi ii cid utitizers o i [46,150]
Clostridium lochheadii Micrococcus lactolytica) ;
Eubacterium cellulosolvens Oxalobacter formigenes
Butyrivibrio fibrisolvens Desulphoylbno
desulphuricans
. . Desulphatomaculum
Fibrobacter succinogenes [112,199, ruminis
Ruminococcus flavefaciens. | 219,159, Succiniclasticum ruminis
Cellulytic |Neocallimastix frontalis 163,57, Acetogenic  |Acetitomaculum ruminis
fungi Piromyces communis 104,47] |bacteria Eubacterium limosum [81]
Orpinomyces joyonii Tannin Streptococcus caprinus
Enoploplastron triloricatum degraders Eubacterium oxidoreducens
Eudiplodinium maggii dMlmosme Synergistes jonesii
egraders
Cellulytic Ruminobacter amylophilus Methanot_)rewbacter
Protozoa ruminantium
Bacteroides amylophilus }Archge} Methanobacterium |[223,102,
Methanogenic ormicieum 162]
Prevetella ruminicola g Methanosarcina barkeri
Bacteroides ruminicola Methanomicrobium mobile
Dextrins L . Mycoplasma Anaeroplasma
Succinivibrio amylolytica .
Degrader bactoclasticum
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Succinivibrio
dextrinosolvens
Succinivibrio amylolytica
Selenomonas ruminantium

Lactobacillus acidophilus,
L. casei

L. fermentum, L. plantarum,
L. brevis,

L. helveticus

Bifidobacterium globosum,
B. longum

B. thermophilum
B. ruminale
B. ruminantium

Anaeroplasma
abactoclasticum

Pectin

Treponema saccharophilum
Lachnospira multiparus

Pectin Treponema
saccharophilum
Succinivibrio
dextrinosolvens
Lachnospira multiparus

[64]

Protein
degraders

Actinobacillus succinogenes

Mannheimia
succiniciproducen

Desulfotomaculum ruminis |1103 198,
Treponema saccharophilum |180,18,150]
Wolinella succinogenes
Lactobacillus ruminis
Megasphaera elsdenii

Other
bacteria

Prevotella ruminicola

Ruminobacter amylophilus
Entodinium caudatum
Eudiplodinium medium
Clostridium bifermentans

[111,73,51]

Bacteroides amylophilus

Bacteroides rutminicola
Butyrivibrio fibrisolvens

Urea
hydrolysers

Megasphaera elsdenii

. 172,129
Enterococcus faecium [ ]

HumMAN MICRO BIOTA

The human body is also an ecosystem. It is
home to trillions of bacteria, viruses, fungi, and
other tiny organisms estimated at between 75
trillion and 200 trillion. Together they form
communities that make up thehuman
microbiome. Like fingerprints, no two human
microbiomes are the same. That makes each
person just an ecosystem, but a unique
ecosystem.(Table 8).According to a recent
National Institutes of Health (NIH) estimate,
90% of cells in the human body are bacterial,
fungal, or otherwise non-human cell, It may be
no surprise that many of our body’s most
diverse populations ofbacteria live on the skin,
which is our point of contact with the
world.There are at least 1,000 different species
of skin bacteria, along withdozens of fungi and
other microbes. Most aren’t harmful, and
manyprotect us. Currently, it is thought the
human body contains 2-5 poundsof microbes,
constituting ~1-3% of our body mass, As much
of this is in our gastrointestinal tract, which
represents~10% of our mass, it is not surprising
that it can exert profound effects on our
physiology and well-being [151,182].The
microbial community inhabiting the
gastrointestinal tract(GIT) is characterized by its
high population density, wide diversity, and

complexity of interactions and are ten times
more numerous than number of the body cells in
total [44,59,101,96,174]. Nine of twenty five
known Bacteria types were found within the
human  gastrointestinal ~ tract  microbiota.
Predominating are Firmicutes (46-60%),
Proteobacteria (10-30%), Bacteroidetes and
Actinobacteria (8-28%) [204,140] The majority
of GIT microbiota reside in colon their
abundance reach 10* cells/g of luminal content
[96]. Population of upper parts of the human
gastrointestinal  tract  (mouth, esophagus,
stomach) is less differential and numerous.
Human mouth is resided by members of 9
Bacteria types, 1 Archaea type and is considered
to be the major population of upper GIT (10°
cfu/g). 700 bacterial species were isolated from
human mouth.Majority of them belong to
Streptococcus sp. (type Firmicutes) which are
characterized with the ability of adherence to
various surfaces such as teeth, oral mucosa or
tongue. Other bacterial species isolated from
mouth belong to Peptococcus, Staphylococcus,
Bifidobacterium, Lactobacillus and
Fusobacterium. In addition to bacteria, the oral
cavity is colonized by yeasts such as Candida
albicans [227]. Inte stinal microbiota includes
microorganisms colonizing such parts of
gastrointestinal tract as the small intestine
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(jejunum and ileum), colon and rectum.
Microbiota of these parts of the digestive system
is much more diverse and larger than the
population of upper parts of GIT. This complex
ecosystem consists of 17 families, 45 genera and
over 1,000 species of microorganisms [95].
Large intestine is inhabited by 800 species
belonging to 9 Bacteria types and one type of
Archaea. Among 9 Bacteria types, 2 types
predominate  Firmicutes  (46-60%) and
Bacteroidetes (with Actinobacteria 8-28%)
[204,191]. More than 270 species out of 800
that can be found in colon belong to those 2
Bacteriatypes. Both Firmicutes and Bacteroidetes,
characterize in high fermentation activity. [204].
In other litrature the human colon only contains
> 10 ' bacterial cells/g contents belonging to as
many as 400 different species [45,136,190].Gut
microbiota can be divided into two groups’
residents and travelers.Residents are auto-
chthonous components, often symbiotic with
human  organism  while travelers are
allochthonous that are result of diet and other
environmental factors. 70% of GIT microbiota
is considered to be inconstant and its abundance
depends on human organism. Composition of

Genera /species commonly human micro flora

microbiota in various parts ofgastrointestinal
tract differs due to variable environmental
condition [140]. In addition to bacteria; the
second fairly large groups are viruses. From the
humanfecal 1200 viral genotypes were isolated
and their number reaches up to 10° virions per
gram of dry weight [142]. The intestinal
microbiota has three functions: metabolic,
trophic and protective. The most important role
is to build resistance to infection (protective
function) by increasing the activity of the
immune system and creating a natural barrier
against colonization by exogenous pathogenic
bacteria. This barrier is based on the competition
(the living space and nutrients) by the
production of bacteriocins and organic acids,
which by lowering the pH inhibit the growth of
pathogenic  microorganisms.Which play a
fundamental role in our well-being [95,128,
204,140,191,192]. Ethiopia is a multi-ethnic and
divers culture country which comprises with an
estimated population of 104.34 million in 2017
[1].The life style,settlement area, feeding habit
and culture of this huge population are a source
of magnificent potential for diverse microbial
communities that still needs great exploration.

Mouth Klebsiella sp. Candida albicans Staphylococcus
aureus
Staphylococci Enterobacter sp. Corynebacterium spp Staphylococcus [[100,10,,
epidermidis 72,85,
Enterococci Proteus mirabilis Corynebacterium Eye 155,19,
parvum 192]

Streptococcus mutans Lactobacillus spp.

Demodex folliculorum  |Chlamydophila

pneumoniae
Streptococcus sanguis Peptostreptococcus Spp  |Enterobacter cloacae Haemophilus
aegyptius
Streptococcus mitis Diphtheriods Epidermophyton Haemophilus
floccosum influenzae
Peptostreptococcus Streptococci Micrococcus spp Moraxella spp
Corynebacterium Bacteriodes Spp. Micrococcus luteus Neisseria spp
Lactobacillus Candida Spp. Mycobacterium spp Staphylococcus
aureus
Nocardia Gardnerella vaginalis Neisseria spp Staphylococcus
epidermidis
Odontomyces viscosus MycobacteriumSpp Peptostreptococcus spp  |Streptococcus
viridians
Bacterionema matruchotii  [Lactobacillus spp. Malassezia ovale Stomach
Actinomyces bifidus Skin micro flora Propionibacterium spp  |Helicobacter
pylori
Actinomyces israelii Acinetobacter spp Propionibacterium acnes
Actinomyces naeslundii Bacillus spp Pseudomonas
aeruginosa
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Actinomyces odontolyticus

Candida albicans

Sarcina spp

Propionibacterium acnes

Corynebacterium spp

Staphylococcus aureus

Small intestine

Corynebacterium parvum

Staphylococcus
haemolyticus

Lactobacillus spp.

Demodex folliculorum

Streptococcus viridans

epidermidis

Bacteriodes Spp. Enterobacter cloacae Vagina
Clostridium spp Epidermophyton floccosum|L. iners
MycobacteriumSpp Micrococcus spp L.crispatus
Entrococci SPP Micrococcus luteus L. gasseri
Entrobacterceae Spp. Mycobacterium spp L. jenesenii
Large Intestine Neisseria spp L. acidophilus
Bacteroides fragilis Peptostreptococcus spp L. fermentum
Bacteroidesmelaninogenicus|Malassezia ovale L. plantarum
Bacteroides oralis Propionibacterium spp L. brevis
Lactobacillus Propionibacterium acnes | L. casei
Clostridium perfringens Pseudomonas aeruginosa | L. vaginalis
Clostridium septicum Sarcina spp L. delbrueckii
Clostridium tetani Staphylococcus aureus L. salivarius
Bifidobacterium bifidum Staphylococcus L. reuteri

Staphylococcus aureus Staphylococcus

haemolyticus

L. rhamnosus

Enterococcus faecalis Streptococcus viridans

Mucus membrain

Escherichia coli Acinetobacter spp

Chlamydia trachomatis

Salmonella enteritidis Bacillus spp

Hemophilus influenzae

Fusobacterium prausnitzii

AQUATIC ECOSYSTEM MICROBIAL ECOLOGY

Ethiopia, known as the ‘water tower’ of north-
gastern Africa, on average, the surface water
potential amounts to over 110 billion cubic
metres per annum[5].Ethiopia comprise the part
of great rift valley and high land lakes, in
general Water resources of Ethiopia:12 river
basin, 11 fresh lakes,9 saline lakes, 4 crater
lakes, >12 major swaps and wetlands. The
Ethiopian rift valley also known as the Afro-
Arabian rift is one of the greatest East African
rift valleys that divides the Ethiopian highlands
in to north and south halves. The volcano-
tectonic basin so created as a result of faulting
millions of years ago, later modulated in to
beautiful lakes. There are several fresh water
lakes found embedded in this basin, among
them the most prominent are e.g., the Lake
Abaya, Chamo, Koka, Beseka, Ziway,
Abijata,Shala and Lake Hawasa.Due to its PH
difference, alkalinity, salinity, shallowness,
otherphysical and chemical nature of the lake
comprise  very rich algal diversity,
cyanobacteria, archae, bacteria, phytoplankton
and zooplankton. For example In Bishoftu
crater lakes, dominance by green algae, diatoms

and cyanobacteria., mainly  Microcystis
aeruginosa and Chroococcus sp.,
cyanobacterium, Arthrospira fusiformis

(formerly called Spirulina platensis) are found
[58]. Spirulina (Arthrospira platensis) is a
micro-algae and one of thesmallest, most
ancient and robust organisms living on Earth
and alone produces about 60% of the Earth’s
oxygen. Lake Arenguadi (Green Lake), Basaka,
Shala, Chitu, Abijatta are source of Spirulina
(Arthrospira platensis) [12] (Figurel0). Different
microlge genera identified from Arenguade and
Killole lakes, Cyanophyta  (Microsystis,
Dolichospermum, Anabaena, Aphanocapsa,
Aphanizomenon,  Cylindro-spermopsis,  Nostoc,
Merismopedia, Chroococcus) Chlorophyta :-
(Spirogyra, Scendesmus, Pediastrum,
Chlamydomonas, Closterium, Selenastrum,
Cosmarium, Treubaria, Gonium, Chlorella, VVolvox,
Tetrastrum, Golenikia, Haematococcus)
Bacillarophyta: (Melosira, Navicula, Nitzschia)
Dinoflagellated:- (Ceratium) [222],A. hydrophila,
A. caviae, A. sobria, A. salmonicida, atypical, E.
aerogenes, E. coli, P. mirabilis, P. shigelloides,
Y. enterocolitica are bacteria are isolated from
Tana lake[11].There for the Ethiopia aquatic
ecosystem are a potential source of microbial
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community and microbial ecology fore many
biotechnological applications.

—_— = -

-

Figure 10. Lake Arenguade, Lake chitu,Lake shalla, Lake Abya Left to right (the source of spiriluna)

TERMITE GUTS SYMBIONT MICROBIAL
EcoLoGgy

Termites are insects from the order Isoptera.
They are usually called white ants. They are
small to medium in size with a dull white to
light and dark brown body and characterized by
their colonial behavior [210,213] Termites are
among the most important lignocellulose-
digesting insects and possess a variety of
symbiotic microorganisms in their hindguts,
including bacteria, Archaea and Eukarya[131].

Termites can be classified into six families and
fifteenSubfamilies which the first five family
belong to lower termites and the sixth family
belongs to higher termites, 2600 described
termite species wold wide recorded [137]. The
termite gut is bioreactor or, fermentation
chambers’ analogous to the rumen of sheep and
cattle (i.e. anoxic environments for an
anaerobic, oxygen-sensitivemicrobiota). [26,27].

Termite guts represent excellent models of
highly structured microenvironments, high
microbial diversity and community structure,
physiological adaptations to various

environmental factors, metabolic interactions
among microbial populations, and carbon and
electron fluxes at the community level. There
forTermites are recognized as “ecosystem
engineers”Wood is the major substrate Posses a
special gut for symbiosis with wood degrading
protists and bacteria. The diversity of termite
gut communities is extraordinarily high
hemicelluloses - degrading bacteria [193],
lignolytic bacteria [34], cellulolytic bacteria
[218], aromatic-degrading bacteria [82] and
nitrogen-fixing bacteria [80].

The genus Macroterme is found throughout
Ethiopia and so far 12 species have been
described in the Ethiopian region and built tall
mounds. (Figure, 11). In Africa they build large
mounds which are a characteristic feature of
many grasslands and savanna woodlands
[196,4,2].

Macroterme builds large epigeal mounds from
which the termites forage outwards for distances
of up to 50 m in galleries/runways either just
below or on the soil surface [3].

The hindguts of R. flavipes and Thoracotermes
macrothorax show a considerable genetic
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diversity, and comprise strains belonging to the
genera Enterococcus and Lactococcus [17], the
methanogenic  taxa  Methanobacteriaceae,
Methanosarcinaceae, and Methano-
microbiaceae, although in one study three
clones grouped within the phylogenetic
radiation of the non-methanogenic

Thermoplasmales [205]. Termite are abundant
in Ethiopia in central rift vally, Borrna and in
different part of Ethiopia whrere a great
microbial communties symbiont is found that
still requires detail study.

Figure 11. Termite mound at Borena , Ethiopia (Photo Birhanu Gizaw)

EXISITU MICROBIAL CONSERVATION
EFFORT
Microorganism’s Conservation Effort at

Ethiopian Biodiversity Institute

The majority of the biomass and biodiversity of
life on the Earth is accounted by microbes.
“Microbes orchestrate life on earth” seems more
a philosophy meaningful than a scientific assert.
They live on this planet since more than three
billion of years and their capability to adapt to
several environments make them still the
“highlanders. Because of the uncertainties
associated  with in-situ  conservation  of
microorganisms, ex-situ preservation plays a
major role in microbiology and include the gene
banks, culture collections and microbial resource
centers forming the respository for microbial
isolates and do away with need for costly and
time consuming re-isolation protocols. The CBD
encourages adoption of measures for ex-situ
conservation of biodiversity, preferably in the
country of origin. Application of this approach is
supported by the World Federation for Culture
Collection (WFCC) and Directory of Collection
of Cultures of Microorganisms.There are some
480 registered microial culture collections
worldwide, large service collections, who make
their catalogues accessible include American
Type Cultur Collection (ATCC), the Belgian
Cordinated collections of microorganisms in
Louvain-la-Neuve, Brussels and Gent (BCCM),
Centraalbureau voor Schimmel cultures in

Utrecht, Netherlands (CBS), the Czech
Collection of microorganism, Brno (CCM), Deut
sche Sammlung von Mikrorganismen und
Zellkulturen, Braunschweig, Germany (DSM),
the Institute for Fermentation, Osaka, Japan
(IFO), CABI bioscience.

Ethiopia has a well organized gene bank found in
Ethiopian Biodiversity institute where dateback
established in 1976 through the bilateral
agreement between the Ethiopian Government
and Governmentof the Federal Republic of
Germany.Microbial ~ Directorate one of the
department in the at Ethiopian Biodiversity
institute for few years acknowledged service in
regardes of institute establishement years and this
directorate mandated for exploration,
documentation, conserving and utilization of
microbial genetic resource of the
country.Microorganisms have great value of
mankind because they benefits agriculture,
industry, medicine & environment in various
ways. The microbial diversity represents
metabolic, structural, morphological andgenetic
diversity. Conventional methods for isolating and
identifying microbes have been a limiting factor
for exploring and exploiting microbial wealth.
These methods have not been able to deliver new
enzymes, molecules, products, antibiotics etc.
due to very limited variability. Since, we are not
able to culture majority of these organisms; there
is a demand for novel techniques and effective
strategies to tap the unexplored diversity [97].A
rich  microbial diversity is  anticipated
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inEthiopiadue to altitude difference, climate, and
edaphic versatility but a lack of adequate
attention and awareness, demanding of high
technology for exploration and budjet, lack of
number of experts in field of specialization for
many years hampers the discovery and utilization
of microbial genetic resource in organized
manners for centuries.

How ever Microbial directorate strengthens
partially in expertise and materials beginning
from 2012G.C. For these reasons the

conservation of microbial specific taxa should be
a high priority and its ecosystems as wellas
microbial communities. It is usually impractical
to protect individual species and strains in the
natural environment butspecies and strains canbe

.J AR -"'t & “).. o

culture collection center [207,14] However in
Ethiopia a great potential formicrobial ecology
and microbial diversity requiring still great
exploration and metagenomic study, currently
there is great effort is delivered for existu
conservation under Microbial Gene Bank at
Ethiopian Biodiversity institute and in a great
progress from year to years for the last 10 years
(Figurel2). Microbial Directorate started building
its capacity in materials and laboratory facility
and 17 human power inmycology, bacteriology,
micro algea and Molecular characterization and
Microbial gene Bank research team organized
from 2010 G.C, till 2016 G.C about967Bacteria
species and strain, 226 Fungi Species, 10 Algea
at genera level conserved genetic material and
access for utilization in research and teaching
reference.

Figurel2. Researcher team of Microbial Directorate from Ethiopian Biodiversity institute at the core f Dallol

for extrmophil microbial exploration 2012GC) Photo Birhanu Gizaw

CONCLUSION AND RECOMENDION
Conclusion

Having knowledge on different microbial
ecology helps for researcher to understand
structural and functionl microbial diversity
represents metabolic, structural, morphological
and genetic diversity for designing exisitu
conservation strategy and utilization of
microbial genetic resource and access for
benefit sharing. Magnificant habitat versatility

and varability inEthiopia encompasses large
array of microbial diversity, when later on
supported by skilled man power and modern
technology in  molecular characterization
approaches  forexploring and  exploiting
microbial wealth to the biosphere and human
welfare.

Recommendation

e Training for researcher with expertise in
phylogeny, taxonomy and physiology of
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environmental microogranims to efficiently
recognize and characterize the microbial
diversity.

Capacity building and supporting research on
new methods and strategies for cultivation
and isolation of microbes yet to be
discovered.

Fostering of multidisciplinary involvement in
microbial biodiversity research by integrating
molecular characterization and bioformatics
data analysis and physico-chemical
disciplines of science

Createing, maintaining and inter grade
databases of microbial information including
molecular, phenotypic, chemical, taxonomic,
metabolic and ecological information and
such databases would help in efficient
comparison of the new biodiversity
discoveries, their characterization and
collection as well as curation of diverse
isolates and maintenance and dissemination
of data regarding them.

Institutions, including environmental and
conservationorganizations, centres  for
diversity and university conservation biology
departments should attempt to take a
moreactive role in microbial conservation.

Because of the overwhelming majority of
non-cultured microbes in mostmicrobial
niches, metagenome searches and technology
should be involved great attention is given
for identification of unknown genes and
proteins.
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