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ABSTRACT The search for novel antibiotics producers and their characterization continues to be an important
objective in the discovery of novel bioactive compounds. This work was carried out to isolate and identify
bioactive secondary metabolite producing rare actinomycetes and to analyse the phylogenetic relationship. The
rhizospheric soil samples were collected from different localities of Ngaka Modiri Molema district of North West
Province, South Africa and screened for antibacterial potential. Molecular identification of the bacterial isolates by
analysis of the 16S rDNA nucleotides sequences showed that the isolates were as follows: Actinomadura, Nocardiopsis,
Promicromonospora, Nocardia, Arthrobacter, Pseudonocardia, Micrococcus, Nonomuraea, Rhodococcus,
Streptosporangium and Saccharothrix spp. Nineteen (21.6%) of the 88 isolates exhibited antibacterial activity
against at least one of the test organisms. Phylogenetic analysis revealed that the bacterial isolates are the
members of rare actinomycetes which are associated with the rhizosphere. Results from the phylogenetic analysis
indicate that the 19 isolates could be sorted into 11 phylotypes. It was also inferred from the tree that the potent
bacterial isolates clustered with other antibiotic producing rare actinomycetes reference strains retrieved from the
GenBank. This study corroborates that rhizospheric soil harbours diverse actinomycetes which can be explored for

antibacterial secondary metabolites.

INTRODUCTION

Microbial natural products are the frontier in
the discovery of bioactive compounds of phar-
maceutical importance. The majority of the bio-
active compounds in use today are derived from
the secondary metabolites of actinomycetes (Ja-
nardhan et al. 2014). The diversity of these bio-
active secondary metabolites is unsurpassed in
medicine and agriculture. Various bioactive com-
pounds have been isolated and characterized
from actinomycetes having great structural and
functional diversity including antibacterial, an-
tifungal, antiprotozoal, antiviral, anticholester-
ol, antihelminthic, anticancer, immunosuppres-
sant agent, herbicides, and pesticides (Marinelli
and Marcone 2011; Newman and Cragg 2012).
These compounds do not only exhibit potent
therapeutic activities but also possess the de-
sirable pharmacokinetic properties. The order
Actinomycetales is composed of approximately
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140 genera, majority are free living organisms
that are widely distributed in nature. They are
aerobic, filamentous, Gram-positive bacteria and
produce extensively branched substrate myce-
lium and aerial hyphae. Members of this order
are characterized by high G+C in their genetic
makeup and complex life cycle (Adegboye and
Babalola 2012).

Among actinomycetes, Streptomyces is the
most common actinomyecete in terrestrial habi-
tat, above 60 percent of the actinomycetes iso-
lates (Sharma 2014). The results of extensive
screening show that more than 70 percent of
known bioactive compounds are produced by
Streptomyces (Demain and Sanchez 2009). As
more new antibiotics were discovered, the chances
of finding novel bioactive compounds from Strep-
tomyces have dwindled. The possibility of re-iso-
lating already isolated compounds from Strepto-
myces is very high (Hayakawa 2008). There is a
need to screen the less exploited genera of rare
actinomycetes such as Actinomadura, Actino-
planes, Amycolatopsis, Dactylosporangium,
Kibdelosporangium, Microbispora, Micromono-
spora, Nocardiopsis, Nonomuraea, Promi-
cromonospora, Planobispora, Rhodococcus,
Saccharothrix, Streptosporangium and Plano-
monospora for novel antimicrobial agents (Bus-
ti etal. 2006; Adegboye and Babalola 2013a).
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However new approaches for the isolation
of soil actinomycetes have shown that other
members of this order are also of importance.
New species and genera have been identified,
and most of them are able to produce novel bio-
active compounds (Bérdy 2012). They have pro-
duced important classes of antibiotics such as
macrolides, f—lactams, aminoglycosides, glyco-
peptides, lipopeptides, ansamycins, polyenes,
anthracyclines, nucleosides, peptides, poly-
ethers and tetracyclines.

As part of our on-going research to find bio-
active secondary metabolites that may have ap-
plication in medicine, this research work is de-
signed to isolate and identify antibiotic produc-
ing rare actinomycetes from rhizospheric soils.
Actinomycetes strains were isolated, character-
ized and screened for their antibacterial activity.
Of the actinomycetes isolated, the rare actino-
mycetes strains were also subjected to phylo-
genetic analysis using comparison of their 16S
rDNA gene sequences.

MATERIAL AND METHODS
Actinomycetes Isolation

The sampling area and details of soil sam-
ples collected have been previously described
(Adegboye and Babalola 2013c). The soil sam-
ples were subjected to various physical and
chemical pretreatment methods in order to facil-
itate the isolation of actinomycetes (Hayakawa
2008). Actinomycetes were isolated by serial di-
lution method from soil samples (Gebreyohannes
etal. 2013). Various selective media used in this
study were previously described (Adegboye and
Babalola 2013b). The plates were observed peri-
odically for the growth of actinomycetes. The
pure colonies were selected, isolated and main-
tained in starch casein agar slants at 4°C for
subsequent studies.

Screening for Antibiotic Production

Antagonistic activity of isolates against
Gram-negative and Gram-positive bacteria was
screened by using the perpendicular streak (Du-
raipandiyan et al. 2010; Abioye et al. 2013). The
experiment was carried out in triplicate.

Morphological Characterization

Pure bacterial isolates were characterized
culturally following the protocol given by the

International Streptomyces project (ISP) (Shirl-
ing and Gottlieb, 1966), growth on sterile ISP-
medium 2 was recorded after incubation at 25°C
for 14 days. Morphological characters such as
colony characteristics, pigment production, ab-
sence or presence of aerial and substrate myce-
lia were observed.

The arrangement of spores and sporulating
structures were examined microscopically using
cover the slip culture method by inserting a ster-
ile cover slip at an angle of 45°C in the starch
casein agar medium (Gebreyohannes et al. 2013).

Biochemical and Physiological
Characterization

Various biochemical and physiological tests
were performed for the characterization of the
bacterial isolates using standard methods pre-
viously described (Adegboye and Babalola
2013b).

Isolation of Genomic DNA

The genomic DNA was extracted from all the
actinomycete isolates using the cetyltrimethy-
lammonium bromide (CTAB) method as previ-
ously described (Adegboye and Babalola
2013b).

PCR Amplification

The 16S rDNA gene was amplified from ge-
nomic DNA obtained from bacterial cultures by
Polymerase Chain Reaction (PCR) with previous-
ly described primers fD1 (5’-AGAGTTTGATC-
CTGGCTCAG-3") and rP2 (5’-ACGGCTACCT-
TGTTACGACTT-3") (Weisburg etal. 1991; Ade-
gboye and Babalola 2013b).

Sequence Similarities and Phylogenetic
Analysis

The chromatograms were edited using Chro-
mas Lite version 2.4 software (Technelysium Pty
Ltd 2012). Nucleotide sequences were analyzed
and edited by using BioEdit software (Hall 1999).
The obtained 16S rDNA sequences were com-
pared to sequences in the NCBI GenBank data-
base with the Basic Alignment Search Tool
(BLAST) (Altschul et al. 1990). Multiple align-
ments of the sequences were carried out by Mafft
program 7.050 (Katoh 2013) against correspond-
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ing nucleotide sequences of the genus Strepto-
myces retrieved from GenBank. Phylogenetic
analyses were conducted using software’s in
MEGA version 5.2.2 (Tamuraet al. 2011). Evolu-
tionary distance matrices were generated as de-
scribed by (Jukes and Cantor 1969) and a phylo-
genetic tree was inferred by the neighbor-join-
ing method (Saitou and Nei 1987). Tree topolo-
gies were evaluated by bootstrap analysis
(Felsenstein 1985) based on 1000 resamplings
of the neighbor-joining data set. Manipulation
and tree editing were carried out using TreeView
(Page 1996).

Supporting data

The 16S rDNA gene sequences determined
for the bacterial isolates in this study were de-
posited in GenBank database and assigned ac-
cession numbers (Table 6).

RESULTS
Isolation of Rare Actinomycetes

Actinomycetes were isolated from the 17
rhizospheric soil samples plated based on the
morphological appearance of the isolates:
tough, leathery, powdery, often whitish to grey-
ish colonies and some with pigmentation. Out
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of 341 isolates, 88 (26.6%) were identified as rare
actinomycetes.

Screening for Antibiotic Producing
Actinomycetes

Among the 88 rare actinomycetes isolated
from the different soil samples, 19 (22%) isolates
exhibited antibacterial activities against at least
one of the test organisms (Table 1). Most of the
isolates exhibited broad spectrum activities
against test organisms. The following isolates
were exhibited an inhibitory effect against the
test organisms including: Staph. aureus (100%),
Strep. pyogenes (89%), Camp. coli (79%), B.
subtilis (57%), B. cereus (73%), Pr. mirabilis
(73%), Ent. faecalis (42%), Sh. boydii (16%), KI.
pneumoniae (47%), Ps. aeruginosa (10%) and
Salm. typhimurium (5%).

Morphological Characteristics of Selected
Isolates

Results of morphological characteristics of
the isolates revealed that the growth of the iso-
lates was few to good on the ISP-medium 2. The
following isolates NWU60, NWU80, NWU98,
NWU146, NWU208, NWU255, NWU284,
NWU299 and NWU336 produced aerial myceli-
um while only NWU73 did not produce sub-

Table 1: Antibacterial activity of selected isolates against pathogenic organisms

Isolate Code: NWU

Test organism 60 73 80 88 98 101 121126 146 166 183 208 239 252 255284296299 336

Staph. aureus + + + + + o+ o+ o+ + + + + + + + 4+ o+ o+ o+
ATCC 29213

Strep. pyogenes + o+ o+ o+ o+ o+ o+ o+ o+ - + - + 0+ o+ o+ o+ o+ 4+

ATCC 12344

Camp. coli + -+ o+ o+ o+ o+ o+ o+ - -+ + o+ -+ o+ 4+ 4+

ATCC 43478

B. subtilis ATCC 11774 + + + - + - - - + 4+ - + + o+ - + 4+

B. cereus ATCC 11778 + + + + - + + - + o+ o+ o+ + - - + o+ o+

Pr. mirabilis + + + - - -+ o+ o+ o+ - + + -+ o+ o+ o+ o+

ATCC 49132

Ent. faecalis - -+ -+ -+ - + - + - - + o+ o+ -

ATCC 14506

Sh. boydii ATCC 9207 - - - - - - - - - - - - R + -+ o+

KI. pneumoniae + -+ -+ o+ o+ o+ - - - - - + -+ - 3

ATCC 8308

Ps. aeruginosa - - - - - - - + - - - - + - -

ATCC 10145

Salm. typhimurium B - - - - - - - - -

ATCC 14208

+= Inhibition of growth; -= No inhibition of growth
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strate mycelium. Isolates NWU73 and NWU166
were observed with yellowish pigment and
NWU282 with brown pigment (Table 2). The re-
verse colony color observed ranges from cream
(NWU183), yellowish cream (NWU60, NWU73,
NWUB0, NWU98, NWU166, NWU239, NWU284
and NWU299), peach (NWU88), orange
(NWU146), light brown (NWU126, NWU255 and
NWU336) to brown (NWU101, NWU121,
NWU208, NWU252 and NWU296).

Biochemical and Physiological Characteristic
of Selected Isolates

Biochemical characteristics results indicate
that all isolates are Gram positive, catalase pos-
itive and have the ability to hydrolyze starch.
Isolates NWU98, NWU121, NWU126, NWU 166,
NWU208, NWU239, NWU252, NWU255 and
NWU296 were able to produce the enzyme cata-
lase. None of the isolates were able to liquefy
gelatin. Isolates NWU166, NWU183, NWU299
and NWU336 were able to utilize citrate; NWUG0
and NWU239 were able to utilize urea; and
NWU60, NWU88, NWU239, NWU284 and
NWU336 were able to hydrolyze casein. The
positive utilization of esculin degradation was
recorded in NWU73, NWUB80, NWU98,
NWU101, NWU166, NWU183, NWU208,
NWU255, NWU284 and NWU336. Isolates
NWU60, NWU88, NWU101, NWU126,
NWU252, NWU255, NWU284, NWU296,

NWU299 and NWU336 were able to reduce ni-
trate. Isolates NWU73 and NWU239 were able
to produce hydrogen sulphide (Table 3). The
isolates were able to utilize a wide range of car-
bon sources (Table 4). All the isolates were able
to utilize glucose; sucrose, mannitol, fructose,
rhamnose, mannose inositol and maltose while
sorbitol, lactose, galactose, cellulose, raffinose
and xylose were utilized by few of the isolates. It
is also evident that different physiological char-
acteristics influenced the growth rate of the iso-
lates. The optimum temperature for the growth
of the isolates ranged between 25-30°C. The
optimum pH growth ranged between 7.0 and 8.0
which are neutral to slightly alkaline. The iso-
lates were able to tolerate sodium chloride up to
5-7 percent concentration. Isolates NWU121,
NWU146, and NWU166 were not able to grow
under anaerobic conditions. Isolates NWU126
and NWU284 were able to grow on MacConkey
agar (Table 5).

Molecular Identification of Selected Isolates

A 1.5 kb fragment was amplified from the
genomic DNA with the bacterial universal prim-
ers (F1R5) (Fig. 1). The identification of rare ac-
tinomycetes was performed by analysis of par-
tial sequences of their 16S rDNA gene. The par-
tial nucleotide sequences of the 16S rDNA gene
of the isolates were compared with the nucle-
otide database of NCBI web server through the

Table 2: Morphological characteristics of selected isolates on isolation medium

Isolate code Growth Aerial mycelium  Substrate Pigmentation Reverse colony
mycelium color
NWU60 Good Dull white Grey None Yellowish cream
NWU73 Moderate None None Yellow Yellowish cream
NWU80 Good White Yellow None Yellowish cream
NWU88 Good None Pink None Peach
NWU98 Good White White None Yellowish cream
NwuU101 Good None White None Brown
NwuU121 Moderate None Army green None Brown
NWU126 Moderate None Light yellow None Light brown
NWU146 Good White Pink None Orange
NWU166 Few None White Yellow Yellowish cream
NwuU183 Good None White None Cream
NWU208 Good White White None Brown
NwWU239 Moderate None White None Yellowish cream
NWU252 Good None White Brown Brown
NWU255 Moderate White White None Light brown
NwuU284 Good White White None Yellowish cream
NWU296 Good None White None Brown
NWU299 Good White Creamish white  None Yellowish cream
NWU336 Good White Dull white None Light brown
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Table 3: Biochemical characteristics of selected isolates

Isolate Code (NWU)
Test 60 73 80 88 98 101 121126 146 166 183 208 239 252 255284296299 336
Gram Staining + 0+ + + + + o+ o+ o+ o+ o+ o+ + o+ + o+ o+ o+ 4+
Catalase + + + 4+ + + + + + o+ o+ o+ + 4+ + + + o+ 0+
Oxidase . S + - + + o+ o+ -+ - -
Citrate utilization - - - - - - - - - + + - - - - - -+ o+
Gelatin liquefication - - - - - - - - - - - - - -o- - oL
Starch hydrolysis + o+ o+ + o+ o+ + o+ o+ o+ o+ + o+ o+ o+ + o+
Esculin degradation -+ o+ -+ o+ - - + o+ o+ - .
Casein hydrolysis I L - - - - + - -+ -4
Nitrate reduction + - -+ -+ -+ - - - - - + o+ o+ o+ o+ 4
H,S production - e - - e .
Urea utilization + - - - - - - - - - - - oL
Methyl red - - - - - - - - - - - - - - - - L.
Voges Proskauer -+ + + -+ -+ - + + - - - - . +
Tween 20 + + o+ o+ o+ - + - - - + + + + o+ - - - +
Tween 60 + + o+ o+ o+ - + - - - + + + -+ - - - +
Tween 80 + + o+ o+ o+ - + - - - + + + - + - - - +
+ = Positive; - = Negative
Table 4: Carbon source utilization of selected isolates

Isolate Code: NWU

Carbon source 60 73 80 88 98 101 121126 146 166 183 208 239 252 255284296299 336
Glucose R i e i o = S R S R S
Sucrose ++ ++ ++ ++ = - ++ - - ++ o+ ++ o+ A+ 4+
Sorbitol -+ - £ - - % - + o+ o+ - - - -+ o+ -
Mannitol ++ ++ ++ + 4+ - - + o+ - -+ A+ o+ -
Fructose + 4+ - ++ ++ + ++  ++ +H+ +H+ + + 4+ + o+
Lactose -+ o+ -+ - - + - + + o+ 4+ 4+ +
Galactose i TS = S ST I S T "
Rhamnose + o+ H+ -+ + o+ - + o+ -+ -+
Cellulose £t - £ - - - +x - - £ - - B T
Mannose -+ + 4+ + o+ o+ o+ H o+ o+ ++ £+ H o+ o+
Inositol - -+ -+ o+ o+ o+ o+ o+ % + - = 4+ 4+ - *
Raffinose ++ + o+ -+ - - + - - + O+ -+ o+ - ¥
Maltose ++ o+ A+ - - + o+ o+ 4 ++ o+ o+ -
Xylose + 4+ o+ 4+ - - ++ - - - + - + - -+ o+ - -

Results recorded by the method of the International Streptomyces Project (ISP): ++, strongly positive utilization,
i.e., growth on the tested carbohydrate in basal medium is equal to or greater than the growth on basal medium plus
glucose; +, positive utilization, i.e., growth on the tested carbohydrate is significantly better than that on the basal
medium without carbon source but somewhat less than that on glucose; +, utilization doubtful, i.e., growth on the
tested carbon source is only slightly better than that on the basal medium without carbon source and significantly
less than that with glucose; -, utilization negative, i.e., growth is similar to or less than the growth on basal medium

without carbon source

BLAST tool. The BLAST search inferred that
the isolates were members of the GC-rich actino-
mycetes. The 16S rDNA gene nucleotide se-
quence of different actinomycetes was obtained
by BLASTn search; however 58 strains of acti-
nomycetes were selected based on high identi-
ty percentage (%) with good E value. Table 6
results show that query sequences were best
pairwise aligned with 16S rDNA gene sequence

of actinomycetes with sequence similarity, and
identity ranged between 79-100 percent, with E
value of 0.

Phylogenetic Analysis of Selected Isolates
Nineteen (19) isolates were subjected to se-

quencing and phylogenetic analysis. The 16S
rDNA nucloetide sequences of the 19 isolates
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Fig. 1. Agarose gel photograph indicating the positive band of approximately 1.5 kb for 16S rDNA gene
amplification from actinomycete isolates. M= 1 kb DNA Marker, 1-14= PCR amplification of isolates,

C= Nuclease free water
Source: Author

were aligned with 58 actinomycetes sequences
obtained from GenBank; and Bacillus spp. as
the out-group. The phylogenetic position of the
isolates was evaluated by constructing a phy-
logenetic tree using neighbor-joining methods
(Fig. 2). This method placed the bacterial iso-
lates in different clades encompassing members
of the order Actinomycetales with bootstrap sup-
port. Bootstrap values based on 1000 replications
were listed as percentages at the branching
points. The tree shows completely resolved, well-
supported phylogeny of the 19 bacterial isolates
with high resolution of all inner branches.

DISCUSSION
The discovery of novel bioactive com-

pounds from actinomycetes has marked an era
in antibiotic research and succeeding develop-

ments in antibiotic chemotherapy. In the course
of searching for possible novel antimicrobial
agents against the spread of antibiotic resistant
pathogens, antibiotic producing actinomycetes
were isolated from rhizospheric soil samples col-
lected from Ngaka Modiri Molema district in the
North West Province, South Africa. Actino-
mycetes have been explored for many bioactive
compounds of high clinical importance and are
still routinely screened for novel bioactive com-
pounds (Gebreyohannes et al. 2013). Consider-
able attention is currently given to the isolation
and characterization of rare actinomycetes, due
to evidence that screening such organisms rais-
es the prospect of discovering novel bioactive
compounds that can be developed as a resource
for biotechnology (Hong et al. 2009). Although
several research works have reported that soil is

Table 5: Physiological characteristics of selected isolates

Growth condition

Isolate Code: NWU

60 73

80 88 98 101 121126 146 166 183 208 239 252 255284296299 336

Optimum temperature 25 25
for growth (°C)

Optimum pH for 7 7 8 8 7 17 7

growth

NaCl tolerance (%) 7 7 5 7 5 5 7

Growth under anaerobic + + + + + - -
conditions

Growth on MacConkey - - - + - - -
agar

30 30 25 25 30 30

7

-

30 25 25 30 25 25 25 30 30 25 25

v 8 v 8 7 7 7 8 7 7 17

+ = Positive; - = Negative
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Rathod 2011). In one of the studies, research
was carried out by Hayakawa and co-workers to
isolate Streptosporangium spp from soil sam-
ples. They reported that the soil samples were
subjected to both physical and chemical pre-
treatments, and cultured on selective medium
supplemented with specific antibiotics. These
treatments drastically eliminate unicellular bac-
teria and unwanted actinomycetes, including
Streptomyces spp. from the isolation plates,
thereby facilitating the selective isolation of
Streptosporangium spp. For isolations from
various soils, this method achieved 20 percent
selective isolation of Streptosporangium spp. .
The specific isolation of Actinomadura spp was
achieved by air-drying, heating soil and using
selective media supplemented with antibiotics
such as streptomycin and rifamycin. More than
250 known antibiotics have been produced by
Actinomadura strains . Other methods such as
the enrichment method have also been reported
to increase the discovery of rare actinomycetes
such as Actinoplanes, Amycolatopsis, Plano-
bispora, Dactylosporangium, Catenuloplanes
and Virgosporangium. This study indicates that
rare actinomycetes can be successfully recov-
ered from soil samples, once pretreatment and
selective isolation methods are applied.

The combination of pretreatment methods
and selective media supplemented with specific
antibiotics, have been found to stimulate the
isolation of diverse rare actinomycete genera that
were only recovered incidentally by convention-
al methods. This approach helps to answer the
question: are these less exploited actinomycet-
es less abundant in the environment or are they
just more difficult to isolate and cultivate? The
appropriate pretreatment methods and various
selective isolation media that met several nutri-
tional requirements with specific antibiotics in-
creased the range of strains isolated. The pre-
treatment methods will contribute to isolating
novel rare actinomycetes which will help to im-
prove knowledge concerning the occurrence,
distribution, ecology, taxonomy and evolution
of rare actinomycetes. The isolation of rare act-
inomycetes is valuable for the discovery of novel
bioactive secondary metabolites. The develop-
ment of selective isolation methods, have led to
the discovery of novel bioactive secondary me-
tabolites of industrial importance.

The rhizosphere is a unique biological niche
that supports an abundant diversity of micro-
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organisms, and the combination of strains found
in the rhizosphere is governed by physical and
chemical characteristics of the soil and by plant
species (Zhao et al. 2012). The presence of rela-
tively large populations of rare actinomycetes
in the rhizospheric soil samples indicates that it
is a suitable ecosystem that promotes the growth
of the microorganisms. Rare actinomycetes from
the rhizosphere produce secondary metabolites
with novel molecules and pharmaceutical prop-
erties suggesting that the rhizosphere can be an
interesting source for bioprospecting (Qin et al.
2009). The presence of actinomycetes in the
rhizosphere is consistent with other reports
which showed that actinomycetes are prominent
in the plant root system (Yilmaz et al. 2008). Hong
and co-workers reported a higher number of bio-
active compounds producing actinomycetes
from the rhizosphere than from corresponding
soil, this might be due to the secretion of exu-
dates from the plant root that can serve as food
for the organisms (Babalola 2010).

As the aim of this study was to isolate rare
actinomycete genera, the focus was on the iso-
lates that according to the morphological crite-
ria did not seem to belong to the genus Strepto-
myces. Eighty-eight (88) of such isolates were
analysed by macro- and micromorphology, bio-
chemical, and physiological criteria in order to
preliminarily identify the genera. These charac-
teristics can serve as markers by which individ-
ual strains can be distinguished. The morpho-
logical, biochemical and physiological charac-
teristics varied from one isolate to another de-
pending on the required growth conditions. The
isolates utilized a wide range of carbon sources
due to their ability to produce extracellular en-
zymes that metabolised the polymeric compo-
nents of the nutrient mixture to monomeric forms
for their growth. The utilization of various car-
bon sources serve as additional criteria for clas-
sification of actinomycetes.

The 16S rDNA gene sequence analysis by
molecular methods resulted, in identification of
the genera. A good agreement between prelimi-
nary genera identification of the isolates based
on their morphology and characteristics and
subsequent identification based on 16S rDNA
gene sequence analysis was observed. The 16S
rDNA sequencing analysis is routinely used to
identify actinomycete isolates after comparing
with reference organisms in nucleotide sequence
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Fig. 2. Neighbour-joining tree of the selected isolates and representative species of actinomycetes
based on partial 16S rDNA gene sequences. Numbers at the nodes indicate the levels of bootstrap
support based on 1000 resampled data sets. Only values greater than 50% are shown. The scale bar

indicates 0.05 substitutions per nucleotide position.

Source: Author

an excellent source of actinomycetes with di-
verse potential, it has not been fully explored,
and there is tremendous potential to isolate rare
actinomycetes with biological activities. Rare
actinomycetes are difficult to isolate by conven-
tional culturing methods due to their very slow
growth on culture plates, and hence their inabil-
ity to compete with fastidious microorganisms.
Because actinomycetes are at a competitive dis-
advantage when grown on agar media in associ-
ation with other soil inhabiting microbes, isola-

tion media must be designed to reduce the de-
velopment of competing microbes without ad-
versely affecting actinomycetes.

In this study, 88 rare actinomycetes were iso-
lated by pretreatment of soil samples, which stim-
ulates the isolation of actinomycetes by elimi-
nating most unwanted organisms. It was previ-
ously reported that pretreatment of the soil sam-
ples decreased the growth of fast growing bac-
teria and fungi, allowing the rare actinomycetes
to dominate the culture plate (Naikpatil and da-
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tabase (Franco-Correa et al. 2010). The phyloge-
netic relationship between isolates was deter-
mined by 16S rDNA nucleotide sequence analy-
sis of representative strains of each identified
genus. As shown on the phylogenetic tree, de-
picting also bootstrap values, the 19 selected
isolates were sorted into 11 clusters with high-
est similarity to the genera Nocardia spp., No-
cardiopsis, Streptosporangium, Rhodococcus,
Actinomadura, Promicromonospora, Arthro-
bacter, Micrococcus, Saccharothrix, Pseudono-
cardia and Nonomuraea. A good agreement
between the BLAST search and clustering in
the phylogenetic tree of the selected isolates
was observed. These isolates clustered with
known strains that are producers of bioactive
compounds. Some of the closest neighbors of
the isolates were found to produce bioactive
compounds. This data indicates a considerable
biodiversity of actinomycetes in the soil sam-
ples. Even though these isolates may be strains
of known species, they are still considered to be
important sources of novel bioactive com-
pounds, as it has been reported that strains of
the same species might produce different sec-
ondary metabolites depending on their isolation
sources (Jensen et al. 2007).

Actinomycetes are known as prolific produc-
ers of secondary metabolites that are of impor-
tance in medicine and agriculture. The rare acti-
nomycetes isolates obtained in this study were
screened for their antibiotic production poten-
tial. Out of the 88 rare actinomycetes tested for
activity against pathogens, 19 (21.6%) exhibited
broad spectrum antibacterial activity suggest-
ing their ability to produce bioactive secondary
metabolites. The fact that the isolates exhibited
broad spectrum antimicrobial activity, this sig-
nifies possible production of several antimicro-
bial compounds and/or production of com-
pounds with multiple microbial targets. Isolates
NWUG0, NWU80, NWU121, NWU146, NWU252
and NWU284 exhibited broad spectrum antibac-
terial activities against the test organisms. These
isolates showed potential as sources of antimi-
crobial agents, and there is a need to explore
them. These isolates have been identified as
Nocardiopsis sp (NWU60), Pseudonocardia sp
(NWU80), Actinomadura sp (NWU121), Nocar-
dia sp (NWU146), Nonomuraea sp (NWU252)
and Streptosporangium sp (NWU284), all of
which have been reported as novel producers
of bioactive compounds (Liu etal. 2011).

Several researchers reported that rare acti-
nomycetes have biocontrol activity against
pathogenic organisms (Bredholdt et al. 2007;
Gebreyohannes et al. 2013). Many of the rare
actinomycetes produced antibiotic complex rang-
ing from two to ten structurally related compo-
nents (Gastaldo and Marinelli 2003). These bio-
active compounds exhibit broad spectrum of di-
verse chemical classes making the chemothera-
py potential expressed by members of this group
very attractive to industrial screening pro-
grammes (Vaishnav and Demain 2011). It is pos-
sible that the activities observed are due to al-
ready known antibiotics such as aminoglyco-
sides, polyenes, macrolides, tetracyclines and
glycopeptides, which are commonly produced
by many actinomycetes.

CONCLUSION

This present study provides further evidence
of significant biodiversity of actinomycetes in
rhizospheric soils that present strains that can
be a valuable source of bioactive compounds
with antibiotic activity. The rare actinomycetes
are targeted as they have proven to be a valu-
able source of bioactive secondary metabolites,
notably antibiotics, even if a relatively low num-
ber of strains have been exploited in compari-
son with Streptomyces. Fermentation and chem-
ical analysis of the extracts is concurrently be-
ing carried out in order to identify active com-
pounds and to assess their novelty.
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