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Abstract

Antimicrobial drug resistance is a rising concern in the treatment of infectious diseases
and necessitates the need for discovery of novel, potent antimicrobial compounds to
combat antibiotic resistance. Since natural environment remains a potential source of
novel antimicrobial products, this preliminary study was performed to test the poten-
tial of soils from Kericho County for antibiotic-producing Actinomycetes. Soil samples
(214) were randomly collected from virgin soils of Kipkelion East, Kipkelion West,
Belgut, Ainamoi, Sigowet and Bureti sub-counties in Kericho County from a depth of
between 11 cm - 16 cm from the surface of the soil profile. A total of 107 Actinomy-
cetes were isolated and screening was done using modified agar disc diffusion method
of which only 39 (36.4%) showed antimicrobial activity against five of the six test iso-
lates that included reference strains Staphylococcus aureus (ATCC 25923), Escherichia
coli (ATCC 25922) and Candida albicans (ATCC 90028) and three clinical strains 777-
chophyton mentagrophyte, Microsporum gypseum and Methicillin Resistant Staphy-
lococcus aureus. Two of the isolates showed activity against MRSA and four isolates
showed a higher potency than the standard drug Chloramphenicol (30 ug) against S.
aureus. Most of the isolates (41.0%) also showed good antimicrobial activity against 7.
mentagrophyte, though they lower than the control drug Itraconazole (2 ug/ml), they
were statistically significant. DNA from the isolates was extracted and the 16S rRNA
gene was amplified using primers specific for Actinomycetes. The amplified gene was
sequenced and phylogeny analysis was done. The 16S rRNA gene was able to be ampli-
fied in only 15 of these isolates. Sequencing showed that 93.3% were of the genus
Streptomyces while 6.7% were of the genus Rhodococcus. From the results, the soils
from this region harbour Actinomycetes that may have good potential of producing
novel antibiotics against gram positive bacteria and dermatophytes.
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1. Introduction

Natural products remain to be the most promising resource for discovery of novel bio-
active metabolites [1]. Many soil-inhabiting bacteria are known to produce secondary
metabolites to suppress microorganisms competing for the same resources [2]. Acti-
nomycetes are the most widely distributed microbes inhabiting the soil environment.
They comprise about 50% of the uncultivable soil microbes and therefore, form the
most dominant and significant group among the soil microbial community. They are
the microorganisms responsible for the characteristic earthy smell [3] [4].

Actinomycetes secrete secondary metabolites which have different valuable capacities
including; production of antibiotics, nutritional materials, cosmetics, enzymes, antitu-
mor agents, enzyme inhibitors, immune modulators, vitamins and also play a major
role in the recycling of organic matter in soil. They therefore, provide many important
bioactive compounds of high commercial value and continue to be routinely screened
for new bioactive substances [2] [5] [6]. Approximately two thirds of the naturally oc-
curring antibiotics have been isolated from Actinomycetes [7], most of which are from
the genera Streptomyces and Micromonospora [8].

Antimicrobial drug resistance in infectious diseases is the second leading cause of
death in the world today [9]. Antibiotics are important in the treatment of infectious
diseases. However, with the current increase of bacterial resistance, there is need to
search for new antimicrobial compounds to combat the threat of antibiotic-resistant
bacteria. The use of the current antibiotics available in the market is facing many chal-
lenges due to resistance that has been formed by the pathogenic micro-organisms. This
therefore, has become a major public health concern and there is need for new and effi-
cient antibiotics. Many studies have been done where Actinomycetes have been isolated
from different places including soil, mountains, swamps and the marine environment
[2] [10] [11] [12] [13] [14] [15]. This has yielded good results where antibiotics against
different gram positive and gram negative bacteria have been extracted. Also antibiotics
with good activity on fungi and some that have shown to have anti-tumour activities
have been extracted from metabolites of these Actinomycetes. More research is going
on to come up with new antibiotics. Therefore, this study was designed to bio-prospect
for novel antibiotic producing Actinomycetes. Kericho County has different types of
soil and also has exotic forests which may have novel Actinomycetes and hasn’t been

explored.

2. Materials and Methods
2.1. Study Site

The soil samples were collected from Kericho County. It is within the Rift Valley Prov-
ince of Kenya. It has an area of 2111 km? and lies between longitude 35°02' and 35°40'
East and between the equator and latitude 0°23' South. It’s located in a region with high
altitude and therefore, its climate is characterized by rains. The soil pH ranges from
strongly acidic (4.78) to slightly alkaline (7.15) [16]. Sampling was done by simple ran-
domization. A radius of 2 kilometers was measured from one sampling point to the
other. The sampling sites included: Kipkelion East, Kipkelion West, Ainamoi, Belgut,
Sigowet and Bureti (Figure 1).
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Figure 1. Key: KW—Kipkelion West, KE—Kipkelion East, S—Sigowet, A—Ainamoi, BU—Bureti, BE—Belgut.

2.2. Soil Sampling

Two hundred and fourteen soil samples were randomly collected at a depth of ap-
proximately 11 cm - 16 cm from the surface of the soil profile as this is where Actino-
mycetes are abundant [3]. The soil was scoped using a sterile spoon and put in labeled
sterile zip lock bags. The soils were air dried at room temperature for one week to re-
duce the population of gram negative bacteria [10]. After air drying, samples were re-
packed and transported to Kenya Medical Research Institute’s Mycology Laboratory at
the Centre for Microbiology Research.

2.3. Isolation and Cultivation of Actinomycetes

Actinomycetes were isolated by serial dilution method as described previously by Ge-
breyohannes et al 2013 [17]. The plates were incubated aerobically at 30°C for 7 - 10

days and observed periodically for growth of Actinomycetes. Suspected colonies were
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identified by their chalky, firm and leathery texture [14]. The colonies were picked and
sub cultured for purity by streaking on Starch Casein agar. Pure colonies were then in-
oculated into 1.5 mL of 15% sterile glycerol stocking solution and stored at —35°C for

further analysis.

2.4. Test Organisms

Six test organisms obtained from the Mycology Laboratory, Centre for Microbiology
Research at the Kenya Medical Research Institute (KEMRI) were used. They included:
gram positive strain of Staphylococcus aureus (ATCC 25923), gram negative strain of
Escherichia coli (ATCC 25922), yeast Candida albicans (ATCC 90028), two clinical
isolates of molds Trichophyton mentagrophyte and Microsporum gypseum and a re-

sistant clinical isolate strain of Methicillin Resistant Staphylococcus aureus.

2.5. Screening for Antimicrobial Activity

The stocked isolates were revived by culturing on Nutrient Agar plates (Oxoid, USA)
and screening done using modified agar disc diffusion method as described by Kirby
Bauer 1979 [18]. Sterilized Whatman No. 1 paper discs (6 mm in diameter) were im-
pregnated with 15 pl of the 10 days old culture broth and placed on Mueller Hinton
Agar inoculated with the test microorganisms. They were then incubated at 37°C for 24
hours for bacteria and at 30°C for 48 hours for yeast and for 96 hours for the molds.
The bioactive isolates were identified by measuring the inhibition zone in millimeters
(mm).

Conventional antibiotics were used as positive controls namely: Chloramphenicol
(30 ug) for bacteria and Itraconazole (2 ug/ml) for fungi while a disc impregnated with
normal saline was used as a negative control.

The isolates that showed antimicrobial activity were further screened for activity
against Methicillin Resistant Staphylococcus aureus also using Kirby Bauer disc diffu-

sion technique.

2.6. Morphological and Biochemical Characterization

The Actinomycetes isolates that showed positive results in antimicrobial screening were
characterized morphologically, biochemically and also Gram staining was done. The
isolates were sub cultured on Starch Casein Agar plates and incubated at 30°C for 7 - 10
days. Thereafter, the colour of aerial mycelium, reverse pigments and nature of colonies
were observed [19]. Modified cover-slip culture technique as described by [20] was
used to observe the characteristics of hyphae and arrangement of spores at high power
magnification. Corn meal agar (Oxoid, USA) was used in culturing. Different bio-
chemical tests namely; Casein hydrolysis, Simon citrate, urea hydrolysis and catalase
test were carried out to aid in presumptive identification of Actinomycetes. The tests

were done as described by [21].

2.7. Genomic DNA Extraction and PCR Amplification

Pure sub-cultures of the Actinomycetes with antimicrobial activity were freshly cul-

tured on nutrient agar plates for six days. A loop full colony was picked for use in the
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extraction of the total genomic DNA. The extraction process was based on Qiagen
DNA Extraction kit protocol. The extracted DNA was stored at —20°C in cryo-vials.
Total DNA from each isolate was used as a template for amplification of the 16S
rDNA gene. The 16S rRNA gene is a conserved gene in the bacteria [22]. The full length
of the 16S rDNA sequence was amplified using the following group specific pair of
primers; F-Act 243 (5-GGATGAGCCCGCGGCCTA-3’) and R-Act A3
(5-CCAGCCCCACCTTCGAC-3) described by [23]. A final reaction volume of 50 pl
was prepared containing; 1 pl of genomic DNA, 5 ul of 10x Genescript Tag Buffer, 3 pl
of 2.5 mM dNTPs, 0.4 pl of 20 mg/ml BSA, 0.5 pl of 5U Genescript 7aq polymerase and
1 ul of 20 pmole each primer. Amplifications were then carried out according to the
following profile: 10 min at 95°C and 35 cycles of 94°C for 1 min, 60°C for 1 min and
72°C for 1 min, 45 s, followed by 10 min at 72°C. Amplification products were analyzed

by electro-phoresis in 2% (w/v) agarose gels stained with ethidium bromide.

2.8. Sequencing of 16S rDNA Gene and Phylogenetic Analysis

The PCR products were then purified using the QIAquick® PCR purification Kit from
Qiagen and were sent to Macrogen Netherlands for sequencing. The primers used in
amplification were the ones used in sequencing of both forward and reverse strands.

A contig, which is a consensus sequence of both the reverse and forward sequence,
was generated using the BioEdit software aligner [24]. The 16S rDNA sequences gener-
ated were compared to sequences in the National Centre for Biotechnology Informa-
tion (NCBI) GenBank database using the Basic Alignment Search Tool (BLAST) [25].
Phylogenetic and molecular evolutionary analysis was then conducted using MEGA
version 6 [26]. The sequences were aligned using the MUSCLE program against the
nearest neighbours and the evolutionary history was inferred using the Neighbor-
Joining method [27]. The evolutionary distances were computed using Maximum
Composite Likelihood model [28]. The bootstrap consensus tree inferred from 1000

replicates [29] was taken to represent the evolutionary history of the taxa analyzed.

2.9. Statistical Analysis

The antimicrobial results obtained were analyzed using one way ANOVA to compare
the level of significance between the isolates’ antimicrobial activities and the positive

control using SPSS version 20.

3. Results

3.1.Isolated Actinomycetes

A total of 107 Actinomycetes were isolated from the soil samples. The morphological
appearance of both obverse (1 & 2) and reverse (3 & 4) of the different isolates is shown
in Figure 2.

After incubation for 10 days, the colonies had different colours like yellow, red, white
and grey as shown by the representative isolates in Figure 2. The textures of 90% of the
isolates were hard to scrap being some characteristics of Actinomycetes while 10% were
easier to pick. Figure 3 shows representative isolates of Actinomycetes that had highly

intertwined hyphae (A) and clustered and chain of spores (B). All the isolates
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A: Light Yellowish red leathery
colony

B: Greyish, whitish chalky colony

C: White wrinkled colony

3 4 D: Bright yellow substrate
mycelium

E: Red substrate mycelium

F: Brownish substrate mycelium

Figure 2. 1 and 2 show aerial mycelium while 3 and 4 show the substrate (vegetative) mycelium
on starch casein agar plates.

Figure 3. (a) shows intertwined hyphae while (b) shows chain of spores of representative Acti-
nomycetes isolates at Mag x1000.

were gram positive as they retained the primary colour which is a characteristic of Ac-

tinomycetes.

3.2. Antimicrobial Activity Screening of the Isolated Actinomycetes

Out of the 107 isolated Actinomycetes, only 39 (36.4%) showed antimicrobial activity
against the five of the six test isolates with inhibition zones from 6 mm to 34 mm. Fig-
ure 4 shows the number of isolates that were active against the different test pathogens.

The antimicrobial activity of all the isolates tested against S. aureus (SA) was statisti-
cally significant (P < 0.001) (Table 1). The inhibition zones of IS30, 1S42, IS71 and IS77
were at the maximum of 30.00 mm, 30.33 mm, 27.00 mm and 32.67 mm respectively
against SA and were significantly higher than the standard drug Chloramphenicol (23
mm). The zones of inhibition for Isolates IS6 and 1S40 tested against C. albicans (CA)
were statistically significant (P < 0.001); however, they were lower than that of the
standard drug Itraconazole (29 mm). None of the Isolates was active against E. coli
(EC).
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Note: SA: Staphylococcus aureus, CA: Candida albicans, TM: Trichophyton mentagrophyte, MG:
Microsporum gypseum, MRSA: Methicillin Resistant Staphylococcus aureus.

Figure 4. Proportion of the isolated Actinomycetes with antibiotic activity against the test
pathogens.

Table 1. Inhibition zones (mm) exhibited by metabolites from some of the Isolated Actinomy-

cetes.
Test Pathogens
ISOLATES
SA EC CA ™ MG MRSA
IS6 _ _ 10.33 £ 0.58 _ 11.67 £ 1.16
187 _ _ _ 22.67 £0.58 _ _
1S30 30.00 = 1.00* _ _ 26.33 £0.58  18.33 £0.58 _
1S34 _ _ _ 20.33 £ 0.58 _ _
1S38 _ _ _ 30.33 £ 0.58 _ _
1S40 _ _ 8.33+0.58 _ _ _
1542 30.33 £0.58° _ _ 23.67 £ 0.58 _ _
1S53 _ _ _ 21.33 £ 1.16 _ _
1855 6.33 £ 0.58 _ _ 19.67 £ 0.58 _ _
1S58 _ _ _ 32.67+0.58 17.67 £0.58 20.33+0.33
1S63 _ _ _ 24.67 £0.58  11.67 £0.58 _
1S71 27.00 £ 1.00° _ _ 27.33+0.58  14.67 £0.58 _
1572 _ _ _ 13.67£0.58 20.33+£0.58 10.33+0.33
1S75 _ _ _ 34.67+0.58 18.00 +1.00 _
1877 32.67 £0.58° 25.67 £ 0.58

Control Drug 23.67 £ 0.58 25+ 0.58 29.67 +0.58 39.67 +0.58 38.33 +£0.58 25.33+0.33

Note: SA: Staphylococcus aureus, EC: Escherichia coli, CA: Candida albicans, TM: Trichophyton mentagrophyte,
MG: Microsporum gypseum, MRSA: Methicillin Resistant Staphylococcus aureus. Superscripted figures indicate
higher significant value (P < 0.001) from the control; Inhibition zone diameters mean + SD of the three replications;
(-): no antimicrobial activity.
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Most isolates tested (84.6%) were active against 7. mentagrophyte (TM) and most of
these isolates were from red soils. The inhibition zones were significantly lower (P <
0.001) from those of Itraconazole (39 mm) which was the control drug. The inhibition
zones of the active isolates tested against M. gypseum (MG) were significantly lower (P <
0.001) than that of the control (38 mm). The two isolates that showed antibiotic activity
against the Methicillin resistant S. aureus were also statistically significant (P < 0.01). Iso-
late IS58 showed good activity (20 mm) compared to Chloramphenicol (25 mm).

From Table 2, all isolates showed the ability to utilize citrate as the sole carbon
source and also they were all catalase positive hence the ability to breakdown hydrogen
peroxide to oxygen and water. Isolate 1S42, 1S53, IS58 and IS72 had the ability to hy-
drolyze casein. Most of the morphological characteristics observed were characteristics
exhibited by Streptomyces species.

3.3. Amplification and Sequencing

The DNA from the 39 isolates that showed antimicrobial activity was extracted and the
16S rRNA gene amplified. Only 15 (38.5%) isolates were able to be amplified as shown
in Figure 5. The expected size of about 1200 bp was obtained. The two isolates IS58 and

Table 2. Representative isolates of Actinomycetes showing macroscopic, microscopic and biochemical characteristics.

Aerial
Isolates )
mycelium
1S30 Creamish
1542 Cream
1S58 Mucoid greenish

IS63  Light yellowish red leathery
IS71 Greyish-whitish chalky
1872 White leathery

1875 Greyish-whitish chalky
1877 Greyish-whitish chalky

i‘;ﬁi:z:l Pigmentation Cell form h;iii)eli;is ut(i:liitzr:(ti(:)n Urease Catalase

Cream None Short rods _ + + +
Cream None Long branching hyphae + + + +
Light greenish None Short rods + + + +
Red None Spores seen _ + + +
Bright yellow None Grouped and single spores _ + + +
White None Branched hyphae with spores in twos + + + +
Bright yellow None Single and double spores _ + + +
Bright yellow None Short rods _ + + +

NC 3 7 26 58 34 48 40 53 59 M

72 67 77 30 7175 42 125 1 52

Figure 5. Amplifications of 16S rDNA from isolates from the virgin
soils from Kericho County. NC is the negative control while M is the
molecular ladder.
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IS72 that were active against MRSA were among those that were not amplified using
this pair of primers.

The 16S rDNA sequences of the 15 isolates were compared with those in NCBI. The
BLAST analyses showed that the isolates were members of the Actinomycetes group
and most 14 (93.3%) were closely affiliated to the genus Streptomyces while only one
(6.7%) showed affiliation with members of the genus Rhodococcus. The similarity val-
ues were between 98% and 100%. The phylogenetic tree of representative samples iso-
lated is drawn in Figure 6. It shows the phylogenetic positions of representative iso-

lates.

4. Discussion

Natural products are the most promising sources for developing future antibiotics [30]
[31]. About 70% of antibiotics in use have been isolated from Actinomycetes [13] and
are known to be the main source of lead compounds for antimicrobial drugs. Kericho
county is located in a region with high altitude and the soil pH ranging from 4.78 to
7.15 [16], hence the possibility of finding novel strains of Actinomycetes.

Out of the total 107 Actinomycete isolates, 39 (36.4%) showed antimicrobial activity
against the test pathogens. About 41.0% showed antimicrobial activity against S. aureus
with 4 of these having a higher potency than the standard drug Chloramphenicol (30
ug). These isolates therefore showed potent ability of producing effective antibiotics
since at that state they were still at their crude state. S. aureusis known to be the leading
cause of nosocomial infections [32]. Previous study showed that S. aureus was the pre-
valent cause of blood stream infections, skin and soft tissue infection and pneumonia
[33]. In this study, 5.1% showed antimicrobial activity against Methicillin resistant S.
aureus. One isolate (IS58) showed promising results against MRSA. It showed an inhi-
bition zone of 20 mm at its crude state as opposed to the standard drug Chloramphe-
nicol (30 pg). Similar results have been reported in a study done at Mt. Everest [13].
The metabolites from this isolate could be purified further to get its potency at its
minimum inhibitory concentration and also find its components to compare with the
standard drugs. However, from this study, these isolates that had antibacterial activity
against MRSA showed no activity against S. aureus. It was not clear why this was the
case and therefore if these metabolites could be purified and its components noted, an
explanation could be gotten. Therefore, further studies should be done by extracting
and purifying the active compounds.

T. mentagrophyte and M. gypseum on the other hand are dermatophytes which
cause infections on keratinized tissues while C. albicans mostly cause opportunistic in-
fections. In this study, most of the isolates (84.6%) had activity against 7. mentagro-
phyte, 30.8% on M. gypseum and 5.1% on C. albicans. Though none of the isolates were
more potent than the standard drug Itraconazole (2 pg/ml), some isolates showed
promising results. Isolates 1S38, IS58 and IS75 showed good antimicrobial activity of
30.33 mm, 32.67 mm and 34.67 mm respectively against 7. mentagrophyte. Therefore,
these isolates with potent activity could be further purified to find out their relative po-
tency. The Actinomycetes from these soils could also be good for production of anti-

fungals especially those active against dermatophytes. Most of these isolates active on 7.
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mentagrophyte were isolated from the red soils which are known to be acidic. Acidic
soils have been reported to harbor Actinomycetes with antifungal activity [11].
The search for antifungals active against dermatophytes has faced difficulties in the

past [34]. In previous studies, few isolated Actinomycetes have shown activity against
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Figure 6. Neighbor joining tree showing the phylogenetic positions of isolates from virgin soil of
Kericho County rooted using 16S rDNA of Bacillus subtilis as outgroup. The GenBank accession
numbers of the strains are indicated. The scale bar indicates 2% estimated sequence divergence.
The percentage of replicate trees in which the associated taxa clustered together in the bootstrap
test (1000 replicates) is shown next to the branches.
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these dermatophytes [35] [36] [37]. A study done in Brazil where six Candida sp. and 5
dermatophytes were tested including 7. mentagrophyte and M. gypseum showed anti-
biotic activity only on the Candida sp. [34]. This is in contrast with the current study
where there was good activity against the two dermatophytes tested especially against 7.
mentagrophyte. However, a study done in Kenya from soil collected from different na-
tional parks has similar results with this study where the Actinomycetes isolated had
antibiotic activity against crop fungal pathogen [38]. Since most of the Actinomycetes
active on the dermatophytes were isolated on red soil which are known to habour fungi
and are acidic, the activity shown as opposed to previous studies could be attributed to
the fact that the isolated Actinomycetes have developed protective mechanisms for sur-
vival hence produce metabolites active on fungi [39].

In the current study, 90% of the Actinomycetes isolated had morphological characte-
ristics of Streptomyces sp as earlier documented [19] [40]. The characteristics of Strep-
tomyces noted were white to grayish on the aerial mycelium with brownish substrate
mycelium or white-grayish aerial mycelium with yellow substrate mycelium. The bio-
chemical tests showed that 20% of the isolates tested had the ability to hydrolyze casein,
however, most of the isolates were seen to have the ability to produce urease and cata-
lase enzymes and this could be attributed to similar metabolic pathways [41]. All the
isolates showed the ability to use citrate as the main carbon source and were catalase
positive. This is similar to the results shown for Streptomyces sp. isolated in India [42].
The ability of Actinomycetes to produce a variety of extracellular hydrolytic enzymes is
of great importance and normally the natural source from which it is isolated influ-
ences the kind of enzymes produced by the Actinomycete strain [43] [44]. The domin-
ance of Streptomyces in soil has been documented earlier [4] [45] [46]. Streptomyces
sp. is also reported to be the most important bacteria in soil as it carries out different
ecological functions such as degradation of organic matter and helping in the formation
of compost [39] [47]. Therefore, it represents almost up to 90% of the Actinomycetes’
soil diversity [48].

The isolates’ consensus sequences of both the reverse and forward sequences of the
16S rDNA gene amplified had a size of between 1204 and 1492 bp though the PCR am-
plifications showed a single band. Most of the Actinomycete sequences of 16S rRNA
gene reported are close to these ranges. Only 15 (38.5%) isolates were able to be ampli-
fied by these group specific pair of primers. This could be attributed to the fact that the
isolates that were not amplified could belong to the rare genera of Actinomycetes and
in future more pair of primers should be used including genera specific primers. The
isolates that were not able to be amplified included the two (IS58 and 1S72) which were
active against MRSA and two (IS30 and IS42) that showed higher potency than the
control drug against S. aureus. Phylogenetic analysis showed that most isolates 93.3%
were aligned to other known Streptomyces sp. and had similarity values of between
98% - 100%. Previous study on soil samples from a reserved area in Kenya has reported
these similar results [38]. Only one isolate aligned with RAodococcus opacus with a
bootstrap value of 67 and a similarity of 99% and is the first recorded species of Rho-
dococcus sp. on Kenyan soil though Rhodococcus sp. was also isolated from Lake Ma-

gadi [49]. This Rhodococcus sp. had antimicrobial activity only on 7. mentagrophyte as
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opposed to the one isolated in Lake Magadi that showed activity on E. coli and P. aeru-

ginosa. This therefore, suggests that they were of different strains.

5. Conclusions

The findings of this study show that soil from this region harbour Actinomycetes which
may have good potential of producing novel antibiotics. Also the isolates that showed
good zones > 20 mm could be potential sources of potent broad spectrum antimicrobial
agents. Though most of the isolates showed activity that was lower than the control
drugs used, they were statistically significant.

Long term use of antifungals has led to increase in resistant strains and in number of
opportunistic infections posing a challenge. Therefore, further studies should be carried

out on these soils for prospective antifungals that are effective and safe.

6. Limitations of the Study

Due to limited funding, extraction and purification of the metabolites were not able to
be done. This would have provided more information especially on determining the
MIC of the metabolites and also comparing the actual components of the metabolites

with the control to see whether there were any novel compounds.
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