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The Magadi Lake located in the Southern Rift Valley in Kenya is a hypersaline and alkaline lake. The
lake’s pH ranges from pH 9 to 11 whereas the salinity can reach saturation during the dry Season. Little
studies have previously been done on Lake Magadi as compared to other soda lakes from Kenya. This
study concentrated on isolating and characterizing haloalkaliphilic bacteria found in the hot springs of
Lake Magadi. Collection of water, wet sediments and microbial mats was carried out from the springs in
the main lake at a temperature of 45.1°C and from Little Magadi Nasikie Engida (temperature of 81 and
83.6°C). Seven bacterial isolates were identified using various media prepared with filter-sterilized water
from the lake. These isolates were characterized and analyzed for production of extracellular enzymes
and antimicrobial compounds. Bacteria recovered, thrived at pH ranging from 6 to 14, a temperature
range of 30 to 60°C and sodium chloride range of 0 to 17.5%. The isolates produced amylases, lipases,
proteases, cellulases, xylanases, esterases and also exhibited a range of inhibitory effects on various
test organisms. Sequencing of the 16S rDNA of the isolates was done and sequences for 7 isolates were
without ambiguities. BLAST results revealed that 90% of isolated microbes had an affiliation to the
genus Bacillus while 10% was affiliated to genus Gammaproteobacteria. Strains from Bacillus family
included; Bacillus siamensis, Bacillus licheniformis, Bacillus methylotrophicus, Bacillus
amyloliquefaciens, Bacillus pumilus, and Bacillus sonorensis while one strain that belonged to
Alcaligenes family was Alcaligenes feacalis.
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INTRODUCTION

Soda lakes and their arid counterparts, the soda deserts locations of subtropical and continental interiors
are extreme environments often found in remote (Kambura et al., 2016). Some of the best-studied soda



lakes are Mono Lake in U.S. A. Lake Wadi An-Natrun in
Egypt and Lake Magadi in Kenya. pH values for these
lakes is commonly greater than 10 reaching pH 12
occasionally with large amounts of Na,COs, (usually as
Na,C03.10H,O0 or Na,CO; NaHCO;.2H,0) that are
depleted of Mg® and Ca* due to the insoluble
carbonates under alkaline conditions (Duckworth et al.,
1996; Sorokin et al., 2013; Vavourakis et al., 2016). Due
to their location in closed basins, the rates of evaporation
often exceed any inflow. The low pH lakes are the most
productive aquatic environments in the world despite their
extreme conditions like high temperatures and high
salinity (Grant, 2006; Nyakeri et al., 2018).

Lake Magadi in Kenya for example is characterized by
extensive salt flats and is the world’s second-largest
source of sodium carbonate (Bell et al., 2005). Salinity
levels go up to 30% w/v (Deshmukh et al, 2011).
Extremophiles are inhabitants of these harsh
environments since they are so well-adapted to readily
grow and multiply in these environments as elucidated by
previous studies (Sorokin et al.,, 2016). Some of the
habitats combine high pH, temperature and alkalinity;
organisms adapted to these conditions have been
referred to as polyextremophiles (Tamura et al., 2007;
Mesbah and Wiegel, 2012). From anthropogenic point of
view prokaryotes grow and survive under conditions
considered harsh and inhospitable (Mesbah and Wiegel,
2012). Detailed microbiological investigations have been
carried out on the lakes over many years (Nyakeri et al.,
2018). Lake Magadi supports the growth of a remarkable
collection of these microbes that could be of economic
and ecological importance (Antony et al., 2012).

Extremophiles possess useful physiological properties;
for instance they are adapted to high alkalinity and
possess heat stable enzyme. This makes them suitable
for exothermic industrial processes (Horikoshi, 1999;
Kambura et al., 2016). Physiological adaptation to
temperatures and high pH together with the possible use
in biotechnological applications is what drives the interest
in alkalithermophiles (Grant and Heaphy, 2010). It has
been hypothesized that microorganisms from soda lakes
may be a source of enzymes that function at high salinity,
pH and temperature (Grant and Heaphy 2010). Alkali-
stable extracellular proteases, lipases, and cellulases
have been used for the production of improved laundry
detergents. These enzymes have an additional
advantage because they are frequently used in
bioremediation (Yang et al., 2013) and in the production
of bioethanol from organic waste (Sorokin et al., 2014).
The number of isolates recovered from these
environments remains low whereas culture-independent
studies point to a very high diversity of uncultured
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organisms (Kambura et al., 2012; Yang et al., 2013). The
purpose of this study was to conduct screening, isolation,
and characterization of new extremophilic microorganisms
from the hot springs of the hyper saline Lake Magadi in
Kenya.

MATERIALS AND METHODS
Sample collection

Sterilized plastic containers of 500 ml were used whereby a
sterilized hand shovel was used to collect wet sediments which
were then put into sterile 50 ml Falcon tubes. The top 5 mm from
every microbial mat forming on the hot spring water boundaries was
collected into sterilized 500 ml plastic bottleneck jars. The collected
samples were put in sterile bottles and preserved cool boxes then
transported to the laboratory at Institute of Biotechnology Research
in Jomo Kenyatta University of Agriculture and Technology
(JKUAT), Kenya. At the laboratory, the samples were preserved at
80°C.

Enrichment and isolation

Malt extract-yeast extract agar (ISP medium 2) and International
Streptomyces Project (ISP) medium 5 (starch casein agar) was
used to perform bacterial culture isolation (Ellaiah et al., 1996).
Kanamycin of 75 mg/ml was added to the media to inhibit fungal
contamination and the pH of the media was adjusted to 9.4. The
filtered lake water was used to replicate the lake conditions mainly
salinity and pH. Fresh microbial mat was then pulverized and mixed
with a spatula on a large piece of sterilized paper. Three samples of
0.5 gram of microbial mat were weighed on a sterile aluminum foil
and transferred straight away into three universal bottles containing
10 ml lake water (Janssen et al., 2002). These preparations were
mixed by approximate vortexing of 150 rpm for 1 min. Serial dilution
of the microbial mat suspension with lake water was done in the
ratio of 1 ml into 9 ml respectively. The dilutions were: 10°, 10, 10
and 103, These preparations were then mixed by vortexing; 1 ml of
aliquots was transferred to other 9 ml universal bottles. Aliquots of
200 pl from various dilutions were moved to petri dishes with the
prepared media and laid on the surface using a sterilized spreading
glass rod. Thereafter, incubation at 45°C for 24 to 72 h was done,
followed by sub culturing of the bacterial colonies until a pure
colony was obtained. Morphological features like pigmentation and
size characterization was done on the colonies that had grown on
the plates. Colonies that were well differentiated and isolated were
transferred to 20% glycerol stocks and stored at -20°C.

Morphological, physiological and biochemical characterization

Cultural and morphological features were used in carrying out initial
characterization where a compound and dissecting microscope
were used to conduct morphological identification of the isolates
that included characteristics of the cell, size and its shape after a
classified staining of bacteria (Bartholomew, 1962). The isolates
were screened by checking for their ability to grow on nutrient agar
with different NaCl concentrations (0-17.5%), different pH levels (6-
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13) and growth at various temperatures (30-60°C) according to
Bergey’'s Manual of Systematic Bacteriology (Holt et al., 1994).
Culturing the isolates separately on basal media (1.0g K;HPO4, 0.1
g MgSO, 7H;O, 0.05 g CaCl,.7H,O and 15.0 g of agar)
supplemented with 5 g of cellulose, 1.25 g of xylan, 5.0 g of starch,
5 ml of olive oil and 1 % skim milk respectively was used to study
the isolates’ ability to produce amylase, xylanase, cellulose,
protease, lipase and esterase enzymes. For esterase production,
basal media supplemented with previously sterilized 1% (v/v)
Tween20 was used. All the plates inoculated with the substrates
were incubated for 4 days at 45°C. A clear zone around the colony
after 4 days of incubation was taken as evidence of proteolytic
activity. The presence of lipase activity was demonstrated by a
white halo due to the formation of precipitates of calcium laurate
around the isolate while the presence of amylolytic activity on the
plates was determined by flooding the plate with 0.6% KI solution.
The presence of cellulases and xylanases was demonstrated by the
formation of halos around the colony after flooding the isolates with
Congo red dye for 2 min then pouring it out and subsequently
rinsing the plates with NaCl (1 M) (Fatope et al., 2000).

In order to screen the isolates for antimicrobial activity, a cell
based screening strategy was performed which showed the ability
of each isolate to prevent growth of test organism. Incubation at
37°C in a shaker incubator was conducted for five days for each
isolate that was cultured onto nutrient broth media allowing
sufficient air circulation and preventing fermentation that could lead
to acidity in the media. The test organisms were incubated at 45°C
for 24 h and were also cultured in nutrient broth. There was a
preparation of paper discs which were then impregnated with 10 ml
of cell free broth isolate which were then dried under a fume
chamber and placed on nutrient agar seeded with test organisms;
Aspergillus flavus, Bacillus subtilis and Escherichia coli, which were
incubated for 24 to 48 h at 37°C followed by recording of results.

Molecular characterization of pure bacterial colonies

Extraction of total bacterial DNA was done in accordance with the
conventional phenolic-chloroform extraction and isopropyl alcohol
precipitation procedures as described (Sambrook et al., 1989).
Forward bacterial Primer pair 8F 5-AG (A/G) GTTTGATCCTGGCT-
3" and reverse bacterial primer
1492R5’'CGGCTACCTTGTTACGACTT-3' were used to conduct
PCR amplification resulting in 1500 bp of the PCR product. The
total 50 ul PCR reaction volume contained 0.25 ul of high fidelity
Taq, 1.25 pl (10 pmol) of 8F forward primer, 1.25 pl (10pmol) of
1492R reverse primer, 0.5 pl of template DNA, 0.5 ul of ANTPs mix
(2.5mM), 4.0 10x PCR buffer (Genescript, China) and 36.25 pl of
PCR water. The PCR cycling consisted of an initial activation of the
enzyme at 94°C for 5 min followed by 35 cycles of a denaturation
step at 94°C for 45 s, primer annealing step at 55°C for 60 s chain
elongation step at 72°C for 2 min and a final extension at 72°C for 5
min (Embley and Stackebrandt, 1994). Presence of the PCR
product was verified on 1.5% agarose gel and visualized under UV
light. Purification of PCR products was done using the QIAquick
PCR purification Kit protocol (Qiagen, Germany) according to the
manufacturer’s instructions (Marmur, 1961). ABI prism big dye
terminator was used to sequence purified products at Macrogen
while viewing and editing of 16S rRNA gene sequences of the
bacterial isolates was done by using Chromas software
(www.technelysium.com.au). The sequences were aligned using
CLUSTAL W 1.6 software and then run using the BLAST search
algorithm found in the National Center for Biotechnology
Information (NCBI) website (http://www.ncbi.nim.nih.gov/) to
determine closely related bacterial 16S rRNA gene sequences from
public databases. Phylogenetic analyses were conducted in MEGA
version 7 (Tamura et al., 2007). Neighbor-Joining technique was
used to deduce evolutionary history (Saitou and Nei, 1987). The

Jukes and Cantor (1969) technique was used to calculate the
evolutionary distances, deduce and construct the phylogeny tree.
The bootstrap consensus tree deduced from 10,000 replicates
(Felsenstein, 1985) was taken to denote the evolutionary history of
the already analyzed taxa. The evolutionary distances were
computed through the Maximum Composite Likelihood technique
(Robertson et al., 2009).

RESULTS
Sampling site physical characteristics

Table 1 presents the physical parameters of the lake.

Morphological, physiochemical and biochemical

characterization of the Isolates

Classical macroscopic techniques of shape, form, color
and elevation of pure colonies were the bases under
which morphological characterization was conducted
whereby most colonies managed to grow within 2-3 days
at 45°C. The colony morphology of the bacterial isolates
ranged from, flat and filamentous or branching (Table 2).
The colony colors ranged from brown, cream and white
while the margins were either rough or smooth. Growth
pH optima of the bacterial isolates ranged from 9 to 11
and optimum salt (NaCl) concentration ranging from 2.5
to 7.5% wi/v. Most of them were slight thermophiles with
growth temperature optima ranging from 40 to 50°C
(Table 2). Hydrolysis of starch, proteins, cellulose, pectin,
CMC and xylan was used while testing the ability of the
bacterial isolated to excrete extracellular enzymes thus
showing the ability to produce the respective enzymes
(Table 2 and Figure 1). The colonies also exhibited
antimicrobial activity against Aspergillus flavus, Bacillus
subtilis and Escherichia coli.

Molecular characterization

The amplification of the 16S rDNA region of the genomic
DNA was conducted by the use of universal bacterial
primers bac 8F and bac 1492R. The 16S rRNA gene
amplification yielded an amplicon of approximately 1500
bp using the above primers (Figure 2). Blast analysis
indicated that six isolates originated from the genus
Bacillus within the Firmicutes phylum and had similarities
between 86 and 98% while one isolate belonged to
genus Alcaligenes in the phylum proteobacteria with a
similarity of 96%. These were: Bacillus siamensis,
Bacillus licheniformis, Bacillus methylotrophicus, Bacillus
amyloliquefaciens, Bacillus pumilus, Bacillus sonorensis
and Alcaligenes feacalis (Table 3 and Figure 3).

DISCUSSION

The existence of terrestrial hot springs on earth
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Table 1. Sampling parameters summary for samples from Lake Magadi at the time of sampling.

Parameter Hot spring 1 Hot spring 2 Hot spring 3
Latitude °S 02° 00'3.7" 01°43' 28" 01° 43' 56"
Longitude °E 36° 14’ 32" 36° 16" 21" 36° 17" 11"
Elevation 603 611 616
Total dissolved solids (TDS) 1 1 1

pH 9.8 9.4 9.2
Temperature (T) (°C) 45.1 83.6 81
Dissolved oxygen (DO) 12.4 0.04 0.71
Conductivity (C) 0.03 1 1

Table adapted from Kambura et al. (2012, 2016).

represents hotspots for unusual forms of life, genes, and
metabolites. Several authors have carried out studies and
characterized the microbiological inhabitants of the East
African Rift Valley lakes (Vavourakis et al., 2016). The
isolates subjected to phenotypic, chemotaxonomic and
phylogenetic analysis have shown considerable
phylogenetic diversity (Mwirichia et al., 2010). This
research was conducted to isolate a large number of
useful alkalithermophiles from Lake Magadi hot springs,
then characterizing and identifying them using
biochemical, morphological and molecular methods. Both
Gram positive and Gram negative isolates were
recovered in this study (Table 2). The gram staining
results were confirmed by blast results that identified the
majority of the isolates as gram positive isolates and
related to genus Bacillus.

Physiochemical characterization of the isolates showed
that the highest growth was observed between pH 9 to
12. There was an isolate that managed to grow at a pH 6
which showed that it was capable of tolerating the acidic
conditions (Moreira and Siqueira, 2002; Kambura et al.,
2012). An earlier study by Horikoshi (1999) indicated that
a low pH of 5.7 - 9.0 was favorable for the growth of
alkaliphiles and that a pH ranging 9.0 to 10 served as
their selective optimum pH. Microorganisms living at
extreme pH are able to do so by retaining their cytoplasm
at the same pH as their mesophilic families, hence
reducing the need for evolution of changed internal
physiology (Kambura et al., 2016). pH in the neutral
spectrum is achieved by several mechanisms. The acidic
polymers of the cell walls play a role as a negatively
charged matrix which reduces the pH value at the cell
surface. Alternately, the plasma membranes use the
Na+/H+-antiporter system and the ATPase driven
hydrogen ion (H+) expulsion to maintain at least neutrality
by lowering the internal pH (or below neutral cytoplasmic
acidification) of the intracellular milieu (Mesbah and
Wiegel, 2012). The cell membrane of alkaliphiles also
contains a special composition for protecting them in the
high alkaline conditions of the lake.

All the isolates were capable of growing within
temperature ranging between 30 to 60°C. The optimal
growth temperature range was recorded at 40 to 50°C.

Good growth was also recorded even at temperature of
55°C. The temperatures recorded at sampling points
ranged from 45.1 and 83.6°C. This study is therefore a
confirmation of an earlier study on bacterial strains which
had been obtained from Lake Magadi and that clustered
with neighbors growing well at temperatures ranging
between 10 to 55°C (Baumgarte, 2003; Mwirichia et al.,
2010).

Alkalithermophiles isolated from the hot springs of Lake
Magadi showed tolerance to salt concentrations as high
as 15% with the optimal growth being observed between
25 to 7.5% sodium chloride concentration. In this
research, growth of isolates improved with a rising salt
concentration from 0 t07.5% sodium chloride
concentrations. Optimum growth was observed at 7.5%
salt concentration. Isolated microorganism’s capability to
grow at 5% and above sodium chloride concentration is a
proof of them being true halophiles. It can be concluded
therefore that bacteria are able to survive for thousands
of years in fluid inclusions of salt deposits and they do so
by adapting to these potentially deadly environments
(Akhwale et al., 2015). The biophysical properties of the
lipid membranes of bacteria and archaea are crucial to
their sustenance in a wide variety of physical
environment. Comparative studies have implicated that
the phospholipid and glycolipid membrane of halophiles
are an important adaptation to salinity (Nyakeri et al.,
2018). Generally, the capability of the isolated
microorganisms in this research to grow rapidly and to
the optimum in physicochemical and environmental
parameters of high pH, high temperature and salinity not
favorable for growth of other microbes makes the
organisms from the hot springs of Lake Magadi good
research models on adaptation mechanisms to harsh
environmental conditions (Nyakeri et al., 2018).

The hot springs of Lake Magadi possess
alkalithermophiles that have the potential of producing
useful metabolites like enzymes and antibiotics. Various
extracellular enzymes produced by the isolates include;
lipases, cellulases, amylases, proteases, and xylanases.
These results are in conjunction with previous studies
which suggest that species of the genus Bacillus have
biotechnological importance because of their ability to
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Table 2. Summary of morphological, physiochemical and biochemical characteristics of isolates from the hot springs of Lake Magadi cultured in LB media and incubated at 45°C for 48 h.

Isolate HS 3 HS 10 HS 13 HS 18 HS 28 HS 29 HS 41
Colony color Cream Cream Light cream Light cream Cream Cream Light brown
Colony form Irregular Circular Irregular Circular Circular Circular Irregular
Cell shape Rods Rods Rods Rods Rods Rods Rods
Gram reaction + + + + - + +
pH 6 - - - - - - +
pH 9 +++ ++++ ++++ ++++ +++ +++ ++++
pH 11 +++ +++ ++++ +++ +++ +++ ++++
pH 13 +++ +++ +++ +++ +++ +++ +++
Temp. 30°C +++ ++ ++ ++ +++ ++ +++
Temp. 35°C ++++ +++ +++ +++ +++ +++ +++
Temp. 40°C ++++ + ++ +++ ++++ +++ +++ +++
Temp. 45°C ++++ + ++ +++ +++ +++ +++ +++
Temp. 50°C +++ ++ +++ +++ +++ +++ +++
Temp. 55°C +++ - +++ +++ ++ ++ +++
Temp. 60°C - - - - - - +
NaCl 0% +++ +++ +++ +++ +++ +++ +++
NaCl 2.5% ++++ ++++ +++ +++ +++ +++ +++
NaCl 5% ++++ ++++ ++++ +++ +++ +++ +++
NaCl 7.5% +++ +++ ++++ ++++ +++ +++ +++
NaCl 10 % - - + ++ - + +
NaCl 12.5 % - - - ++ - + +
NaCl 15 % - - - ++ - - +
Amylase + + + + + + +
Protease + + + + + + +
Cellulose + - - - + - +
Xylanase - - - - + - +
Carboxy Methyl Cellulase - + + - + + +
Pectinase - - - + - - -
Esterase - - - - - - -
Lipase - - - - - - -
Antimicrobial activity against Aspergillus flavus - - - - - - -
Antimicrobial activity against Bacillus subtilis + - - - - - -
Antimicrobial activity against Escherichia coli - + - + + + -

pH, Temp and Salt range: ++++, excellent growth, +++ average growth, ++ satisfactory growth, + minimum growth and — no growth; Enzyme & Antimicrobial test: + Positive growth and — Negative
growth: Gram reaction: + Gram Positive, and— Gram Negative.
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(g)

Figure 1. Enzyme activity of Bacterial species isolated from Lake Magadi hot springs. (a) Amylase
activity, (b) Cellulase activity, (c) Xylanase activity, (d) Protease activity, (e) Esterase activity (f)
Antimicrobial activity against Escherichia coli and (g) Antimicrobial activity against Aspergillus flavus

control

ladd«e] 2 3 4 5 6 7 8 9101112 13 14 14 15 16 ladde

Figure 2. Image PCR product on 1.5% agarose. Lanes1-16 corresponds to PCR product generated from genomic DNA

of bacterial isolates from the Lake Magadi hot springs.

produce extracellular alkaline enzymes like amylases,
proteases and pectinases that are resistant to adverse
temperatures and high pH (Sokorin et al., 2014). Peptides
have been shown to be the vastest nitrogenous
compounds in organic matter by other researchers and
this concurs with this study finding.

During the study of the isolates for their antimicrobial

compound production potential, an antagonistic activity
was observed differing from one isolate to the other. This
could be as a result of differing of the modes of activity
and action of each biochemical constituent of the isolates
that were represented. Majority of the secondary
metabolites that are produced by bacteria are potential
antibodies and this makes them to be targeted for



300 Afr. J. Microbiol. Res.

Table 3. A comparison of 16S rRNA gene sequences of the isolates with sequences of close relatives from

NCBI Gene Bank.

Sample ID Next neighbor in BLAST % ldentity Accession No.
HS 3 Bacillus siamensis 86 NR 117274.1
HS 10 Bacillus lichenformis 98 NR 118996.1
HS 13 Bacillus methylotrophicus 90 NR 116240.1
HS 18 Bacillus amyloliquefaciens 86 NR 137421.1
HS 28 Alcaligenes feacalis 96 NR 113606.1
HS 29 Bacillus pumilus 87 NR 116191.1
HS 41 Bacillus sonorensis 87 NR 113993.1

LS ) 8 soncorensis ABCS1416.1
=~ _{: 8 somorensis NERC
8 sonorensis NR 026130.1
B.Schenformis ATCC 14680
— —u{: B Schentormis NR 116023
“ MHSS
[ S——
- B Schentormis NR118096.1
HS20
2 — A fDecats NR 0434451
_nl: A feacals NBRC 13111

S syt NR 110072.1
S methylotophtus EU104007.1

- _{:l amyloliguefaciens KRO10226.1
x 8 siamensis NR117214.1

B pumius NR 1161911
MS13

MHS3
MHS10

0.2

H329

Figure 3. Phylogenetic tree based on total 16S rDNA sequencing (software MEGA 7.0) using the

maximum likelihood method.

isolation in industries for large scale screening. The
microbes have become a commercial interest because
they produce secondary metabolites that are anti-fungal,
anti-bacterial or anti-protozoal (Berdy, 2005). Six isolates
in this study were affiliated to microorganisms belonging
to the genus Bacillus while one isolate belonged to genus
Alcaligenes. Among these were; B. sonorensis, B.
pumilus, B. licheniformis, B. methylotrophicus, B.
siamensis, B. amyloliquefaciens and A. feacalis (Table
3). Bacillus species are among the most commonly found
aerobic alkalithermophiles in soda lakes as well as

selected environments (Mwirichia et al., 2010). Members
of the genus Bacillus that have been previously isolated
from Lake Magadi clustered with Bacillus members that
are alkalitolerant, obligate alkaliphilic while others are
alkalithermotolerant.

HS 3 closely clustered to B. siamensis (NR 117274.1)
with scored 86% similarity. HS 10 closely clustered to B.
lichenformis (NR 118996.1) with a similarity of 98%. B.
licheniformis which is rod shaped produces a variety of
extracellular enzymes associated with the cycling of
nutrients in nature. B. licheniformis excretes a protease



enzyme able to tolerate pH levels ranging between 9 and
10 and it is a desired ingredient in laundry detergent for
preventing clothes against fading and shrinkage. B.
licheniformis excretes an antibiotic called Bacitracin
composed of cyclic polypeptides mixture and its ironical
purpose is to stop the growth of B. licheniformis.
Bacitracin lyses the cells of B. licheniformis in the
presence of cadmium or zinc ions (Takami and Krulwich,
2000). B. licheniformis also has an antifungal activity and
contributes to nutrient cycling as shown in current
research.

HS 13 was closely related to B. methylotrophicus (NR
116240.1) with 90% homology. B. methylotrophicus is a
gram positive bacterium; its cells are aerobic, motile, rod
shaped and forms endospores (Beibei et al., 2016). B.
methylotrophicus is used as plant growth-promoting
rhizobacteria since it stimulates plant growth and
development via emission of volatiles. HS 18 clustered to
B. amyloliquefaciens (NR 137421.1) with 86% similarity.
B. amyloliquefaciens is known for its ability to degrade
extracellular proteins and also a source of BamH1
restriction enzyme. It produces enzyme subtilisin which is
used in industries to make laundry detergents (Benardini
et al., 2003).

Isolate HS 28 scored 96% similarity with Alcaligenes
faecalis strain NR 113606.1. Several isolates from the hot
springs of Lake Magadi have an affiliation to
Gammaproteobacteria class members and the genera in
this class constitute of: Brevibacterium Rhodobacter,
Stenotrophomonas, Xenorhabdus Alcaligenes, Klebsiella,
Anoxybacillus, Proteus and Rhodobacter, (Kambura et
al., 2012; Nyakeri et al., 2018). Alcaligenes faecalis
produces an extracellular Serine Protease that is used in
agriculture as a nematicide. Isolate HS 29 had 87%
similarity to B. pumilus (NR 116191.1). B. pumilus strain
has been isolated from a wide range of plants,
environmental surfaces and soils from the interior of
Sonoran Desert basalt (Kaushal et al., 2017). B. pumilus
produces lipopeptide antibiotic iturin A which is an
attractive biopesticide with the potential to replace
chemical-based pesticides for controlling pathogens. HS
41 showed similarity to B. sonorensis (NR 113993.1) and
is named after the Sonoran Desert, where the organism
was collected from. It is Gram positive, motile, catalase-
positive and facultative anaerobic. B. sonorensis is a
plant growth promoting Rhizobacterium that produces
indole acetic acid, siderophore, chitinase and hydrogen
cyanide that helps in improving growth, nutrition, and
yield of crops (Palmisano et al.,, 2001; Thilagar et al.,
2018).

Conclusion

The study presented here has identified useful bacteria
from the hot springs of Lake Magadi as potential sources
for amylases, cellulases, proteases, and xylanases.
However, much more needs to be explored; constant
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sampling can raise chances to redeem more novel
species which could possess commercial importance.
Diversity studies on the springs of Lake Magadi have
hinted presence of uncultured extremophiles. Therefore,
there is a remaining challenge in obtaining more of the
microbes in culture for the purposes of studying their
physiology and classifying them to into the species and
strain level. The isolates characterized in this study can
be considered for commercial use by elevating
production of metabolites for  biotechnological
applications.
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