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Abstract

Objectives: The indiscriminate use of antibiotics has led to an upsurge in antibiotic resistance in many parts of
the world. This study aimed at determining the seasonal variation of antibiotic-producing actinomycetes from
Menengai crater, Kenya.

Methods: Soil samples were collected in February which receives 52mm of rainfall, July (100mm), and May
(194mm). Actinomycetes were isolated using serial dilution and spread plate bioassays. The antibiotic property
of the isolates against Staphylococcus aureus (ATCC 25923), Streptococcus pneumoniae (ATCC 49617),
Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853)
and Proteus vulgaris (ATCC 49990) was determined using primary and secondary screening methods. Based on
the size of the zone of inhibition and a broad spectrum of activity, four actinomyces coded PAN 25, 41, 75, and
110 were selected for further analysis.

Results: The physicochemical properties of the soil samples did not vary significantly (P=0.42). However, the
number of actinomycetes isolated varied significantly (P=0.035) between February, May, and July. The mean
zone of inhibition varied between 22+0.3 in PAN 110 to 27+£0.3mm in PAN 75. Isolate PAN 110 produced an
829hbp fragment, PAN 75 (971bp), PAN 41 (1250bp), and PAN 110 (829bp). The 16S rRNA gene sequence and
nucleotide BLAST from NCBI revealed that isolate PAN 110 had 99% similarity with S. acrimycini strain K30,
PAN 75 (S. luteogriseus strain ZG728), PAN 41 (S. indiaensis), and PAN 25 (Streptomyces variabilis).
Conclusion: Very dry and wet conditions reduced the number of actinomycetes isolated from the soils of the
Menengai crater.
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Introduction

Volcanic craters are one of the unique environments on
the planet Earth (Fernandez-Martinez, 2019). They are
unexploited, and inadequately studied (Ziyat et al.,
2019). Volcanic craters are usually classified based on
the type of rock and formation method. The microbial
diversity of volcanic craters has not received the

attention they deserve from  microbiologists
(Majidzadeh et al., 2021). However, there is a
likelihood that microorganisms obtained from
unexplored craters may belong to new taxonomic units
with unique genes that code for the production of novel
bioactive compounds (Al-Ansari et al., 2019).
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The inadequately explored environment such as
volcanic craters has a significant potential for exploring
new antibiotics (Hamedi et al., 2019). They harbor a
variety of microorganisms that lead to increased
competition in the environment due to the limited
nutrients. As a result, the microorganism produces
antimicrobial substances against each other (Kemung
etal., 2018).

Among the actinomycetes, the genus Streptomyces has
produced over 70% of known antibiotics (Pipite et al.,
2022). However, some antibiotics have been extracted
from rare actinomycetes (non-Streptomyces species).
In the recent past, antibiotics produced by rare
Actinomycetes have increased significantly by 25—
30%. This has been attributed to improvements in
the selective isolation of rare
and technologies for genetic
characterization (Takahashi and Nakashima, 2018).
The phylum Actinomycetota is one of the largest in

techniques for
Actinomycetes

Domain Bacteria. It’s made of six classes, 32 orders,
and 73 families. All Actinomycetes are filamentous
unicellular Gram-positive bacteria. They possess a high
GC content in their genome and are omnipresent in
both terrestrial and aquatic environments (Parmar etal.,
2016). When growing on a culture medium, they form
the substrate and aerial mycelium (Park et al., 2014).
They reproduce by binary fission, fragmentation, or by
producing spores that are also known as conidia
(Genilloud, 2017). Among the Actinomycetes
thermophilic species are growing under 45-65°C,
acidophilic species (pH 3.5-6.5), halophilic species
(0.5-4 M salt), endophytic species, symbionts, and
endosymbionts (Amsaveni et al., 2015).

Actinomycetes produce some bioactive compounds.
Some produce enzyme inhibitors involved in the

bioconversion, biocontrol, and degradation of
hydrocarbons  (Rangseekaew and Pathom-aree,
2019).).  Significantly, actinomycetes produce

compounds that provide defenses against pathogenic
microorganisms collectively known as antibiotics
(Tandal et al., 2018).
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Although soils have been screened to produce novel
bioactive compounds with many agricultural,
pharmaceutical, and industrial applications, only a
small portion of the earth’s surface has been sampled
and studied (Vishwanatha et al., 2017). A major
challenge is the isolation of actinomycetes that produce
known antibiotics. However, researchers have reverted
to screening for novel and biotechnologically
exploitable microorganisms that yield new and diverse
antibiotic activity (Tan et al., 2015). This has been
made possible by exploiting previously unstudied
geographical regions (Maiti et al., 2020). Therefore,
current isolation strategies for actinomycetes capable
of producing novel antibiotics require new sample
sources from uncommon and unexplored habitats. In
this regard, the current study was designed to explore
the seasonal variation in antibiotic-producing
actinomycetes from the Menengai crater.

Materials and methods

The study area

Menengai crater which lies North of Lake Nakuru. It
has a height of 2,278 m above sea level and is a product
of a volcanic eruption that occurred about 200,000
years ago. The crater is dormant with a high-
temperature geothermal resource indicated by steaming
grounds at a temperature of 88°C. The eruption yielded
a large hole in the crust, called a caldera. The caldera
occupies an area of 90 km? and a diameter of 12 km.
The caldera is the second largest in Africa after
Ngorongoro in Tanzania (Omenda et al., 2000).

Soil sample collection

Soil samples were separately collected from the top
5¢cm using a sterile spatula in February with an average
rainfall of 52mm and an average temperature of
27.22°C, May (average rainfall of 194mm; average
temperature of 25.24°C) and July (average rainfall of
100mm; average temperature 23.23°C). The samples
for each month were mixed to make a composite
sample. The composite samples were placed in new
khaki bags and transported to the Department of
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Biological Sciences Laboratories, Egerton University
for analysis.

Physico-chemical analysis

Each soil sample was suspended in distilled water. Soil
pH was determined according to the procedure
described by Guo et al. (2015). The pH meter was
standardized using a standard solution provided.
Immediately before immersing the electrode(s) into the
sample, the sample well was stirred with a glass rod.
The electrode(s) were placed into the soil slurry
solution and the beaker was gently turned to make good
contact between the solution and the electrode(s).
Organic carbon was determined using the wet oxidation
method (Singh et al., 2015).

The Kjeldahl method (Khursheed et al., 2014) was used
to determine total nitrogen. Phosphorus was obtained
by Bray and Kurtz-1 method and determined
spectrophotometrically (Osakwe, 2014). Potassium and
sodium content in the soil was determined by using
turbidimetric methods; calcium by titration with
standard KMnO4 solution, and magnesium by
precipitation in an alkaline medium as magnesium
ammonium phosphate (Salam and Rana 2014).
Manganese was analyzed by Atomic Absorption
Spectrophotometer using GBC Avanta version 1.31 by
flame Automization (Egejuru et al., 2014)

Isolation of actinomycetes

Actinomycetes were isolated using the serial dilution
plate method. Briefly, 1 g of each soil sample was
weighed and suspended in 9 mL of distilled water to
make 10 to 10® dilutions. Using a micropipette, 0.1
mL aliguots of each concentration were dispensed into
sterile Petri dishes with 15 mL of sterile Luria Bertani
(M1) medium (starch 10 g, Peptone 2.0 g, yeast Extract
4.0 g, Agar 18.0 g, distilled water 1000 ml, pH; 7.0 £
0.1), spread using an L shaped glass rod and incubated
at 25°C for 5d (Waithaka et al., 2018). A colony
counter was used to determine the actinomycetes
colonies and microbial load calculated in CFU/mL. To
obtain pure cultures, the microbes were subcultured by
streaking on M1 media. The pure isolates were stored
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in slant bottles for characterizations using colony
morphology and biochemical characteristics (Yang et
al., 2015).

Primary and secondary screening of actinomycetes
for antagonism against test pathogens
Staphylococcus aureus (ATCC 25923), Streptococcus
pneumoniae (ATCC 49617), Enterococcus faecalis
(ATCC 29212), Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853) and Proteus
vulgaris (ATCC 49990) were used as test organisms.
Primary screening for antagonism was carried out using
the perpendicular method while secondary screening
was carried out using the disk diffusion technique
(Devadass et al, 2016). Four actinomycetes
abbreviated PAN 25, PAN 41, PAN 75, and PAN 110
were selected for further analyses based on a broad
spectrum of activity and the size of the zone of
inhibition. The selected antagonistic antimicrobial
strains were separately inoculated into 3L of M1 broth,
and incubated at 28°C in a shaker (200 rpm) for seven
days. Extraction of antibiotics was carried out using
ethyl acetate and the extracts were tested against the
test pathogens using the Kirby Bauer disc diffusion
method (Tyagi et al., 2014).

Molecular characterization of the selected
actinomycetes

Extraction of the actinomycetes DNA

The four selected actinomycetes isolates were grown
in 10mL M1 medium at 28°C for 48h (Prashith et al.,
2012). Actinomycetes were harvested from 1.5mL of
culture by centrifugation at 7500x g for 10 min. The
cell pellets obtained were washed with 500ul of
10mMTE buffer (10 mM Tris—HCI, pH 7.7, and 1 mM
EDTA). The washed pellets were re-suspended in
200ul lysis buffer (1M Tris-HCI, pH 8.0, 0.5 M EDTA,
5M NacCl, and 10% SDS) and incubated at 60°C for
30min. Subsequently, 8ul of proteinase K (10mg/ml)
was separately added and incubated at 55°C for 1h. To
these mixtures, 200l of phenol: chloroform: isoamyl
alcohol (25:24:01) was added and vortexed thoroughly
for 4min. Each mixture was centrifuged at 10,000-x ¢
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for 10min. The aqueous phases were transferred to new
tubes and the DNA precipitated with 2 volumes of 95%
ethanol. The DNA pellets obtained by centrifugation at
10,000 x g for 5 min were resuspended in 40ul of TE
buffer, pH 8.0. The purity of DNA was each confirmed
by biophotometer (Eppendorf, India) and agarose gel
(0.8%) electrophoresis (Zhang et al., 2019).

PCR amplification of the 16S rRNA gene

The 16S rRNA gene of the selected actinomycetes
strains was amplified between positions 8 to 1492 using
the forward and reverse primers (Scorzoni et al., 2017).
PCR reactions mixture (20ul) having 2ul of 10x Taq
buffer (Sigma), 200 mM dNTP, 0.2 mM of each primer
(Sigma, USA), 3mM MgCl,, 25U Taq DNA
polymerase (Sigma), and 20ng of template DNA was
used. The cycling conditions were; initial denaturation
at 95°C for 5min, followed by 35 cycles of denaturation
at 95°C for 30sec, annealing at 63°C for 30sec,
extension at 72°C for 30 sec, and final extension at
72°C for 10min. The PCR products were pooled and
purified on QIA quick PCR purification columns
(Qiagen). Approximately 1500 bp of PCR products
were separately sequenced using ABI DNA sequencer,
Applied Biosystems (Bioserve Biotechnologies (India)
Pvt Ltd, Hyderabad) (Hathaway et al., 2014).
Sequence Similarities and phylogenetic analysis
Nucleotide sequences of the 16S rRNA of the selected
actinomycete isolates were determined and compared
for similarity level with the reference species of
actinomycetes contained in the genomic database bank.
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The BLAST program
(http://www.ncbi.nlm.nih.gov/blast) was used in

assessing the degree of DNA similarity. Multiple
sequence alignment and molecular phylogeny were
evaluated using BioEdit software (Jayshree et al.,
2016). The phylogenetic tree was constructed using the
PHYLIP software
(http://evolution.genetics.washington.edu/phylip/softw
are.html).

Data analysis

Data were presented using tables. All the data analysis
was carried out using Statistical Package of Social
Sciences Software (SPSS) software version 17.0
software and a Microsoft 2010 spreadsheet. One-way
ANOVA was used in comparing the means.
RESULTS
Physico-chemical characteristics of soil from
Menengai crater

The pH ranged from 5.01 in May to 6.62 in February,
phosphorus from 4.15 in May to 15.53 in February,
potassium from 0.35 in May to 1.50 in February,
Nitrogen from 0.10 in May to 0.29 in February, calcium
from 3.45 in May to 16.56 in February, magnesium
from 2.40 in May to 2.65 in February, manganese from
0.31 in May to 0.51 in February, sodium from 0.02 in
May to 0.15 in February, carbon from 1.05 in May to
2.50 in July (Table 1). The Ca: Mg ratio varied from
15.61 in February to 20.14 in May. The
physicochemical properties of the soil samples did not

vary significantly (P=0.42).
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Table 1: Physico-chemical properties of soil samples from Menengai crater

Physico-chemical February May July Recommended Levels
properties of soil Low High
pH 6.62 5.01 5.62 5.50 7.00
Phosphorus 15.53 4.15 15.00 20.00 100.00
Potassium 1.50 0.35 1.32 0.20 1.50
Nitrogen 0.29 0.10 0.20 0.20 0.80
Calcium 16.56 3.45 15.34 2.00 10.00
Magnesium 2.65 2.40 2.59 1.00 3.00
Manganese 0.51 0.31 0.45 0.10 1.00
Sodium 0.15 0.02 0.10 0.10 2.00
Carbon 2.40 1.05 2.50 2.00 5.00
Ca: Mg ratio 15.61 20.14 16.00 4.00 7.00

Actinomycetes from Menengai crater

121

The number of actinomycetes isolates at a dilution of 10 varied from 3.60x10?to 2.22x10* CFU/g, 10?(2.32x10%-
1.43x10* CFU/g), 10 (2.00x10%-4.15x10° CFU/g), 10* (1.51x10" 3.34x10° CFU/g and 10 (1.40x10%-2.20x10?
CFU/qg) (Table 2). The mean actinomycetes isolates ranged from 2.17x10? CFU/g in February to 6.67x10° CFU/g
in July. The number of actinomycetes isolated varied significantly (P=0.035) between February, May, and July.

Table 2: Number (CFU/g) of actinomycetes isolated from Menengai crater in February, May, and July.

Dilution factor February May July

107 3.60x10? 5.00x10? 2.22x10%
107 2.32x10? 3.70x10? 1.43x10*
103 2.00x10? 2.19x102 4.15x10°
10* 1.51x10? 1.3x10* 3.34x10°
10° 1.40x10* 1.10x10? 2.20x10?
Mean 2.17x10? 2.66x102 6.67x10°
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Antibiotics producing actinomycetes from Menengai Crater

The zone of inhibition for PAN 25 ranged between 20+0.3 to 28+0.2, PAN 41 (22+0.2-25+0.2mm), PAN 75
(25+0.3-30£0.3mm) and 110 (21+0.2-23+0.3mm) (Table 3). The mean zone of inhibition varied between 22+0.3
in PAN 110 to 27+0.3mm in PAN 75. However, there was no significant difference in the zones of inhibition
between the isolates (P=0.496).

Table 3: Zones of inhibition (mm) of the test pathogens by the actinomycetes isolates

Isolate S. au S.p E. fa E. co P.ae P.vu Mean

PAN 25  24+0.2 27+0.3 26+0.2  28+0.2 20+0.3 22+0.2 24+0.2
PAN 41  23+0.2 22+0.2 24+0.2  25+0.2 22+0.2 2310.2 231£0.2
PAN75  26+0.3 30£0.3 27+0.3  29+0.2 26+0.3 25+0.3 27+0.3
PAN 110 23+0.3 22+0.2 23+0.3  21+0.2 22+0.3 23+0.3 22+0.3

S. au; Staphylococcus aureus, S. p; Streptococcus pneumoniae, E. fa; Enterococcus faecalis, E. co; Escherichia
coli, P. ae; Pseudomonas aeruginosa and P. vu; Proteus vulgaris.

16S rRNA and polymerase chain reaction
Isolate PAN 110 produced an 829bp fragment, PAN 75 (971bp), PAN 41 (1250bp), and PAN 110 (829bp) (Figure
1). Specific primers were used in polymerase chain reaction (PCR) to amplify the genes.

41

Figure 1: Amplifications of 16S rDNA of PAN 110, 75, 41, and 25; NC, negative control; M, molecular
ladder.
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Sequence similarities and phylogenetic analysis of the selected actinomycetes

The 16S rRNA gene sequence and nucleotide BLAST from NCBI revealed that isolate PAN 110 had 99%
similarity with Streptomyces acrimycini strain K30, PAN 75 (S. luteogriseus strain ZG728), PAN 41 (S.
indiaensis) and PAN 25 (S. variabilis) (Figure 2).
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Figure 2: Phylogenetic tree of actinomycete isolates PAN 110, PAN 75, PAN 41, and PAN 25 constructed using
the neighbor-joining technique.
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Discussion

The soils of the Menengai crater were formed from the
solidification of magma after a volcanic eruption. The
chemical composition of the magma determined the
physicochemical characteristics of the soils. The results
of this study indicated that the physico-chemical
properties of the soil were high in February the driest
month, moderate in July, and lowest in May which had
the highest amount of rainfall. The findings concurred
with those of a previous study carried out by Hueso et
al. (2012). Lagomarsino et al. (2012) explained that
during the rainy seasons, a lot of soil minerals dissolve
in water and are carried deep into the soil horizons
which is contrary to what happens in the dry season.
The number of actinomycetes recovered from the soil
samples in this study was low in February and May and
high in July. February was the driest month in the study
site while May received the highest amount of rainfall.
A moderate amount of rainfall was received in July
when the highest number of actinomycetes were
isolated. Giordano (2020), explained that too dry or wet
soil conditions lead to a low number of actinomycetes
isolates. Further, Borowik and Wyszkowska (2016)
ascertained that very low water activity during the dry
months reduces the multiplication of actinomycetes.
Besides Giacometti et al. (2013) maintained that
running floods experienced during heavy downpours
carry with them actinomycetes leading to low counts.
Among the selected actinomycetes PAN 75 produced
the biggest mean zone of inhibition when compared
with PAN 110, PAN 41, and PAN 25. The zones of
inhibition observed were bigger than in previous
studies (Adam et al., 2018; Belyagoubi et al., 2018;
Long et al., 2019). This may be attributed to differences
in the species of actinomycetes isolated (Matroodi et
al., 2020). The differences in soil characteristics from
which the actinomycetes were isolated influence the
types of antibiotics produced by actinomycetes
(lquebal et al., 2021). In addition, environmental
factors such as temperature influence the growth and
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production of antibiotics by actinomycetes (Ameerah et
al., 2015).

Currently, the use of 16S rRNA in identifying
actinomycetes is more popular than the use of
traditional methods (Hug et al., 2018). In addition, the
use of molecular techniques for the identification of
actinomycetes is quick and has increased reliability
(Hifnawy et al., 2020). Almalki, 2020, asserted that
16S rRNA sequences cannot be shared making the
technique one of the most reliable in the identification
of microorganisms. The results of the present study on
molecular  characterization of the  selected
actinomycetes differed from those of previous studies
(Hamedi et al., 2019; Eid et al., 2020; Hifnawy et al.,
2020; Bontemps et al., 2021). Differences in the study
areas which expose the actinomycetes to varying
ambient conditions leading to a change of genetic
constitution in actinomycetes may have been a
contributing factor (Hahn et al., 2019).

Conclusion

The physicochemical characteristics of soils from the
Menengai crater were typical of soils from volcanic
craters. Soil samples from the Menengai crater had
antibiotic-producing actinomycetes. Very dry and wet
conditions reduced the number of actinomycetes
isolated from the soils of the Menengai crater. The
actinomycetes isolated from the soil samples belonged
to the genus Streptomyces.

Recommendations

There is a need to carry out similar studies in other
volcanic areas in Kenya. The antibiotics from the
selected actinomycetes isolates need to be
characterized. In addition, there is a need to test the
antibiotics against other pathogens.
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