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A total of 2152 Actinobacteria strains were isolated from native Cerrado (Brazilian Savannah) soils located in Passos, Lumindrias,
and Arcos municipalities (Minas Gerais State, Brazil). The soils were characterised for chemical and microbiological analysis. The
microbial analysis led to the identification of nine genera (Streptomyces, Arthrobacter, Rhodococcus, Amycolatopsis, Microbacterium,
Frankia, Leifsonia, Nakamurella, and Kitasatospora) and 92 distinct species in both seasons studied (rainy and dry). The rainy
season produced a high microbial population of all the aforementioned genera. The pH values of the soil samples from the Passos,
Luminarias, and Arcos regions varied from 4.1 to 5.5. There were no significant differences in the concentrations of phosphorus,
magnesium, and organic matter in the soils among the studied areas. Samples from the Arcos area contained large amounts of
aluminium in the rainy season and both hydrogen and aluminium in the rainy and dry seasons. The Actinobacteria population
seemed to be unaffected by the high levels of aluminium in the soil. Studies are being conducted to produce bioactive compounds
from Actinobacteria fermentations on different substrates. The present data suggest that the number and diversity of Actinobacteria

spp. in tropical soils represent a vast unexplored resource for the biotechnology of bioactives production.

1. Introduction

Actinobacteria are a distinct group of bacteria that are widely
distributed in nature [1]. Currently [2], Actinobacteria com-
prise eight groups with 48 genera. Special attention has been
given to this bacterial group in biotechnological applica-
tions, which are a natural result of their great metabolic
diversity [3]. Actinobacteria are the most common source of
antibiotics [4] and are a promising source of a wide range
of enzymes, enzyme inhibitors, immunomodifiers, and vita-
mins [5]. In nature, Actinobacteria play an important role in
the cycling of organic compounds and have been associated
with soil organic matter production, including production of
the black pigments called melanin, which are related to soil
humic acid [6].

Streptomyces is the most common Actinobacteria genus
found in soils and constitutes up to 90% of the isolates. How-
ever, new approaches for the isolation of soil Actinobacteria
have revealed that other genera are also present in significant
numbers. Many new species have been isolated, and most

of the isolates are able to produce novel secondary metabo-
lites [1]. Since the first antibiotic from an Actinobacterium,
reported more than 50 years ago [7], more than 4000 new
bioactive compounds have been discovered. The search for
new species or strains of the Actinobacterium group is still of
primary interest to the biotechnology field.

Actinobacteria taxonomy is extremely complex, and clas-
sification using only the traditional methods, which are
based on morphological and physiological characteristics,
has led to very heterogeneous suprageneric groups. Recently,
three main approaches have been suggested to identify
species of Actinobacteria: chemotaxonomy (differentiation
of species by chemical composition), numerical taxonomy
(differentiation of species by phenotypic similarity number),
and molecular systematics (use of DNA study to the species
differentiation). A combination of three techniques becomes
more complete [1].

Brazilian Cerrado soils have an enormous biodiversity
potential. Some of these soils have been described as habitats
with high biological activity but have not been extensively
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FIGURE L: (a) Location of Cerrado soil in Minas Gerais, Brazil. (b) Cities where samples were collected. (c) Distribution of sampling point.
Sampling point scheme: one composed soil sample (12 subsamples) was collected around each sampling point.

explored for the search and discovery of novel Actinobacteria
spp. In this study, isolation of Actinobacteria species from
Brazilian Cerrado soils and comparisons of the Actinobacte-
ria communities of the Cerrado soil with the physicochemical
characteristics of these soils were performed. Some of the
isolates that showed promise for use in biotechnology were
identified and tested for the production of bioactives (e.g.,
enzymes and antibiotics).

2. Materials and Methods

2.1. Soil Sampling. Thirty composite soil samples were col-
lected during the months of January (rainy season) and
August (dry season) from the Passos, Arcos, and Lumindrias
municipalities. These soils are highly conserved (native), and
the locations are georeferenced in Table 1 and Figure 1. Each
sample was obtained according to the procedure of Lima et al.
[8]. Twelve subsamples of 75 to 100 g were collected from each
point in two concentric circles with radii of 3 and 6 m from
the centre and a depth of 0 to 20 cm using a flamed auger. The
collected material from each point was mixed in a sterile bag
and stored at 4°C until analysis.

2.2. Physicochemical Analysis of Soils. Approximately 200 g of
each soil sample was subjected to physicochemical analysis
using the procedure of the Embrapa [9]. The concentrations
of potassium (K), phosphorus (P), aluminium (Al), magne-
sium (Mg), organic matter (OM), hydrogen and aluminium
(Al + H) and exchangeable bases (SB) as well as the pH and
soil texture were evaluated. The Sisvar 5.1 program of the
SAS System 9.1 software (SAS Institute Inc., Cary, NC, USA)
was used for statistical analysis of the differences between
the means. Correlations between the Brazilian Cerrado soils’

TABLE 1: Location and description of the Brazilian Cerrado soil
collection sites.

Site name Location

Region of Passos

Point 1 20°49'57.7"S; 046°30'29.3"W
Point 2 20°49'56.8"S; 046°30'30.1"'W
Point 3 20°49'48.0"S; 046°30'54.9"W
Point 4 20°49'471"S; 046°30'54.5"W
Point 5 20°49'47.8"S; 046°30'51.5" W
Region of Lumindrias
Point 6 21°37'51.0"'S; 044°58'22.7"W
Point 7 21°37'50.6"'S; 044°58'22.7"W
Point 8 21°37'51.5"S; 044°59'11.0"'W
Point 9 21°37'55.3"S; 044°59'29.3" W
Point 10 21°37'54.6"'S; 044°59'54.0"'W
Region of Arcos
Point 11 20°16'27.7"S; 045°29'14.6"'W
Point 12 20°14'479"S; 045°25'35.9"W
Point 13 20°14'51"S; 045°31'40.8"W
Point 14 20°14'48.6"'S; 045°31'33.4"'W
Point 15 20°14'58.0"'S; 045°31'54.0"'W

regions and the physicochemical soil variables were subjected
to statistical analysis (principal component analysis or PCA)
using the Unscrambler 9.7 software (CAMO, Oslo, Norway).

2.3. Bacterial Isolation and Culture Purification. Ten grams of
soil from each composite sample was added to 90 mL of sterile
peptone water (bacto peptone, 1g/L) and homogenised by
stirring at 130 rpm for 10 min (dilutions of 107 t0107%). These
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TABLE 2: Actinobacterial-specific primer used in bacterial communities in the Brazilian Cerrado soils, according to Schifer et al. [12].

Amplified

. ! ! . e

Primer Sequence (5'-3") Primers fragment (bp) PCR conditions

27t GAGTTT GAT CMTGGCTCA G Bacterial universal primer ~ ~1500 Denatured for 5 min at

1492r ACG GYT ACC TTG TTA CGA CTT 95°C. 30 cycles: denaturing
) ) ) at 92°C for 60s, annealing

Com2xf AAA CTC AAA GGA ATT GAC GG Ac.tlnobacterlal-speaﬁc 270 at 55°C for 60's, and

Acli86r CTT CCT CCG AGT TGA CCC primer extension at 72°C for 60 s;

SC-Act-2352820  CGC GGC CTA TCA GCT TGT TG~ Actinobacterial-specific 640 final extension for 10 min at

primer

SC-Act-878aA19 CCG TAC TCC CCA GGC GGG G

72°C

sample dilutions were used for inoculations by spreading
100 uL on the surface of Aaronson’s medium according to
Silva et al. [10] and humic acid vitamin medium according
to Hayakawa and Nonomura [11]. The plates were incubated
for 72h to 120 h at 28°C.

From the plates containing 30 to 300 CFU, a number of
colonies equal to the square root of the number of different
quantified of each colonial morphotypes were isolated [13].
These morphotype strains were cultured for 72 to 120h at
28°C in 500 pL of nutrient broth supplemented with glycerol
to a final concentration of 20%. The isolates were purified
by successive restreak and were preserved by freezing at
—20°C. The strains were reactivated on nutrient agar by
incubating for 72 to 120 h at 28°C and were then characterised
for bacterial colony morphology (ie., size, shape, eleva-
tion, brightness, texture and colour) by making comparison
between the colonies that were originally isolated from the
culture media. The pure cultures were preserved under the
conditions described above.

2.4. PCR Primer System for Selective Amplification of Acti-
nobacteria. Pure cultures of the various colonial morpho-
types were characterised by actinobacterial-specific primers
according to Schifer et al. [12] and described in Table 2.
The 27f and 1492r universal bacterial primers were used
as controls. The actinobacterial strains were subjected to
molecular characterisation by REP-PCR as described below.

2.5. Molecular Characterisation Based on Repetitive Extra-
genic Palindromic-PCR (Rep-PCR). Total genomic DNA was
extracted as described by Pereira et al. [13]. The molecular
characterisation of selected isolates was performed by poly-
merase chain reaction sequencing by REP-PCR as described
by Gevers et al. [14]. Two microliters of DNA were added to
12.5 uL of Taq PCR Master Mix (Qiagen, Sdo Paulo, Brazil),
8 uL H,0, 0.25 uL bovine serum albumin (BSA), 0.25 uL of
formamide, and 2 L of primer GTG; (5'-GTG GTG GTG
GTG GTG-3') [13]. PCR was performed under the following
cycling conditions: 5min initial denaturation at 94°C; 30
cycles of 95°C for 30s, 45°C for 60s and 60°C for 5min;
and a final elongation at 60°C for 16 min. The PCR products
were separated by electrophoresis on a 2% agarose gel in
Ix TAE buffer at 60V for 4h, stained with SYBR Green
(Invitrogen, Foster City, CA, USA), and visualised under
a transilluminator. The Rep-PCR profiles were subjected to

cluster analysis using the Bionumerics 2.50 software (Applied
Maths, Sint-Martens-Latem, Belgium).

2.6. PCR Amplification and DNA Sequencing of the 168
rRNA Gene. Representative isolates of each Rep-PCR
profile were selected for amplification of the 16S rRNA
gene as described by Pereira et al. [13]. DNA (2uL) was
added to 30uL of Taq PCR Master Mix (Qiagen,
Sdo Paulo, Brazil), 26 uL of H,O, 1uL of primer 27f
(5'-AGAGTTTGATCCTGGCTCAG-3'), and 1 4L of primer
1512r (5'-ACGGCTACCTTGTTACGACT-3'). The PCR
reaction was performed as follows: initial denaturation at
95°C for 10 min; 25 cycles at 93°C for 1 min, 50°C for 1min,
and 72°C for 1min 30s; and a final elongation at 72°C for
5min. The presence of PCR products was confirmed by
electrophoresis on a 1% agarose gel in 1x TAE buffer at 70 V
for 30 min, stained with SYBR Green (Invitrogen, Foster
City, CA, USA), and visualised under a transilluminator.
The sequencing of amplicons was performed at Macrogen
Inc. (Seoul, South Korea), and the sequences were compared
with the GenBank database using the BLAST algorithm
(http://www.ncbi.nlm.nih.gov/BLAST/).

3. Results

3.1. Physicochemical Characteristics of the Brazilian Cerrado
Soil Samples. The chemical and biochemical properties of the
Cerrado soil from the Passos, Lumindrias, and Arcos regions
during the rainy and dry seasons are shown in Table 3. The
pH values of the soils ranged from 4.7 to 5.5, 5.0 to 5.4,
and 4.1 to 5.0 for the Passos, Lumindrias, and Arcos regions,
respectively. These soils had high acidity.

Differences in the soil textures from the Arcos, Passos,
and Lumindrias regions were observed. The three analysed
areas revealed no significant differences in organic matter
values. In general, the physical and chemical characteristics
for all the soils analysed were similar.

A multivariate analysis using frequency values for the
chemical characteristics of the Brazilian Cerrado soils was
performed (Figure2). Samples obtained from the Arcos
region were significantly different from the Luminarias and
Passos regional samples because of the high concentration of
phosphorus during the rainy season and high concentrations
of aluminium and potassium during the dry season in the
Arcos region.
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FIGURE 2: Principal component analysis (PCA) of chemical charac-
teristics of the Brazilian Cerrado soil of Minas Gerais. Abbreviations:
K = potassium; P = phosphorus; Al = aluminum, Ca = calcium, Mg
= magnesium; PAC = Passos (rainy season); PAS = Passos (dry
season); ARC = Arcos (rainy season); ARS = Arcos (dry season);
LUMC = Lumindrias (rainy season); LUMS = Luminarias (dry
season).

TABLE 4: Actinobacteria count of the population in log CFU/g of soil
in differents medium during the rainy and dry season.

Region
Aaronsons’s medium  Humic acid vitamin medium

Dry season
Arcos 79 +0.I° 6.6 £0.1°
Lumindrias 78 + 0.1 6.8+0.1°
Passos 7.8 +0.1° 6.7 +0.1°

Rainy season
Arcos 9.1+02° 72 +0.1¢
Lumindrias 8.9 +0.2° 71+0.14
Passos 8.8 +0.1° 72 +0.2¢

Data are mean values of duplicate + standard deviation.
Different letters indicate significant differences (P < 0.05).

3.2. Microbial Isolation and Characterisation. Of the culture
media tested (Aaronsons’s medium and humic acid vitamin
medium), all were able to recover colonies from all of the soil
samples (Table 4).

Total bacterial counts were compared between the rainy
and dry seasons. A statistically significant difference (P <
0.05) was observed for all the analysed areas (Table 4). The
rainy season exhibited higher microbial counts (~9.1log
CFU/g) compared to the dry season (~7.9 log CFU/g).

A total of 2152 isolates were characterised. The isolates
were selected from the groups and subjected to group analysis
corresponding to each region. The selected isolates from each
region (188 isolates) were characterised by Rep-PCR, and 78
different band profiles were obtained (Figure 3).

ft 2 Leffsonia shinshuensis DQ334854.1 (1)
> L swepromyces

E ptomyces phoscchromagenes
== z Septompces micnfis ABGSEELL (15),

2 Sueptomyces termium HQS80451 1 (12),

s 1),

otomyces onarus 3
- ptomyces puscus PaBS288.1 (12),

cir Hao21202.1 (19),
Amycolatopsis equine HQO21204.1 (12],
Artvobocter sp. 19 A8248530.1 (15),

I

FIGURE 3: Similarity analysis between the bands’ profiles (Rep-PCR)
of the Actinobacteria isolates of the Brazilian Cerrado soils of three
regions: Arcos, Passos, and Luminarias. () OTUs quantification.

3.3. Identification and Distribution of Isolates. The analysis of
the 16S rRNA gene sequence amplification products led to the
identification of nine Actinobacteria genera (Streptomyces,
Artrobacter, Rhodococcus, Amycolatopsis, Microbacterium,
Frankia, Leifsonia, Nakamurella, and Kitasatospora) and 92
distinct species within the genera (Figure 3 and Table 5).

The genera Streptomyces, Artrobacter, Rhodococcus, Amy-
colatopsis, and Microbacterium were found in all three regions
analysed. Leifsonia, Nakamurella, and Kitasatospora were
found only in the Arcos region, and the genus Frankia was
not found in the Passos region (Table 5).

The distributions of Actinobacteria genera were different
in the Cerrado soils during the rainy and dry seasons
(776 isolates were from the dry season, and 1376 isolates
were from the rainy season) (Table5). The rainy season
produced a higher microbial population for all described
genera (Figure 4).

4. Discussion

The Cerrado biome has two distinct seasons: the dry season
(May to September) and the rainy season (November to
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FIGURE 4: Actinobacteria genera abundance distribution in Cerrado soil in the rainy and dry seasons.

April). An important factor relevant to this study is that the
soil samples were collected at the peak of each season; thus,
the distinction between the samples was maximised because
water was either limited or abundant [15]. The samples
were collected in January (high rainfall, 1000-2100 mm) and
August (low rainfall, 20-200 mm) of 2010. An important
caveat is the heterogeneity of the distribution of microor-
ganisms in the soil because microbial growth is usually
observed in patches rather than homogeneously [16-18]. We
minimised this potential bias by collecting samples from
different spots in each area studied and mixing the individual
samples to obtain a composite sample.

Microorganisms are the key drivers of biogeochemical
processes in the soil. Thus, it is important to evaluate the
physicochemical properties of the soil and how these prop-
erties could be related to microbial profiles in different soils
[19]. These changes in the soil affect the native microbial
populations. Seasonal variations in the moisture and pH of
the soil can lead to changes in the distribution patterns of
the microbial species. For example, bacteria prefer neutral
to alkaline conditions, whereas yeasts and filamentous fungi
prefer acidic conditions. Some microbial species also have
preferences for soils with high or low moisture contents [20].
These Cerrado soils had high acidity, consistent with the val-
ues found in Cerrado soils that have been reported by studies
of others [15, 21]. The Cerrado soils are commonly acids.
This may be due to the vegetative and microbial population
present [15, 21]. Despite having low pH, large amounts of
aluminium and iron, and low nutrient content, these soils are
extensively used in agriculture. One of the few studies dealing
with the Microbiota of these soils reported high numbers of
Actinobacteria [21].

The pH values of the Cerrado soils were similar; however,
moisture influenced the total microbial population counts.
Samples collected in the rainy season are contained in a
higher microbial population (~9.1log CFU/g) than those
collected in the dry season (~7.9 log CFU/g) (Table 4).

The Arcos regional soil contained large amounts of alu-
minium (~2.4 mg/dm?®) during the rainy season and large
amounts of hydrogen and aluminium during the rainy and
dry seasons (~15 Cmol/dm®) (Table 3). High quantities of
soluble aluminium in the soil can cause toxicity in plants,
as aluminium competes with other elements (e.g., essential
nutrients) for the same chemical sites and promotes soil
impoverishment [22]. However, in this study, the Microbiota
was not affected by high aluminium levels in the soil based
on the similarity of this population to those at the other
sampled sites. The three analysed areas (Luminarias, Arcos,
and Passos) displayed no significant differences in organic
matter contents, which may be due to the similarity in the
vegetation and riverbank forest profiles of the three areas [15].

Brazilian Cerrado soils cover a vast area, representing up
to 25% of the country [1]. Despite having a low pH (~5.0),
large amounts of aluminium and iron, and a low nutrient
content, these soils are extensively used in agriculture. One
of the few studies examining the microbial population of
these soils reported on high numbers of Actinobacteria
[21]. Huddleston and collaborators [23] found a culturable
streptomycete population of approximately 8.0log CFU/g
in soil. In the previous study, the number of Actinobac-
teria isolated from those soils was on the same order of
magnitude (~8.81log CFU/g of soil) as the number isolated
from soils of the Brazilian Cerrado regions of the Minas
Gerais State (Luminarias, Passos, and Arcos). These findings
suggest that the Cerrado soils represent a large, unexplored
environment for the potential isolation of Actinobacteria.
Morphological and physiological data led to either a partial
or complete identification of 2152 isolates from the Cerrado
soil. Dendrograms of the identified strains indicated that
they were phenotypically diverse from the Actinobacteria
species already described with the majority clustering in a
separate and isolated group. Tropical soils present a myriad of
microhabitats scarcely explored microbiologically. According
to Zucchi et al. [1], of the 16,013 fungal species described
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as new to science over a ten-year period (from 1981 to
1990), 49% of the species were from tropical countries. This
observation may be extended to other microbial groups,
including Actinobacteria, for which there are no statistics
available concerning Brazilian tropical soils.

Actinobacteria are Gram-positive, morphologically and
physiologically very diverse bacteria with a high GC content
in their DNA, and they are one of the main phyla within
the domain Bacteria. The class Actinobacteria contains six
orders—Acidimicrobiales, Rubrobacterales, Coriobacterales,
Bifidobacteriales, Actinomycetales, and Nitriliruptorales.
Actinobacteria are dominant colonizers in soils. Many species
produce extracellular enzymes for degradation of macro-
molecules such as lignin, cellulose, chitin, and, in part, starch.
Therefore, Actinobacteria often occur in materials where
organic materials are degraded [12]. In particular, investiga-
tions in the indoor environment demonstrated their presence
in water-damaged building materials and soils beside fungi
[12]. This may explain the high presence of Actinobacteria
in these soils of Brazilian Cerrado. In nature, Actinobacteria
play an important role in the cycling of organic compounds
and have also been associated with soil organic matter
production, owing to their black pigments called melanins,
which are related, in some respects, to soil humic acid [12, 21].

In the present work, the soils studied were characterised
as being especially rich in the Streptomyces genus, as are other
soils throughout the world. The Streptomyces genus has been
the focus of research because of the commercial applicability
of substances produced as well as the systematics of this
group, which have been modified with advances in molecular
biology [24]. Among the species isolated, S. cavourensis
is a producer of the antibiotic chromomycin [25] and S.
michiganensis is involved in the synthesis of anthelmintic and
antiprotozoal substances [26].

Members of the Arthrobacter genus are widely distributed
in ecosystems and can be isolated from diverse environments,
such as air, water (fresh and salt), soil, oil, airborne infections,
tobacco leaves, human skin, and activated sludge. Arthrobac-
ter spp. exhibit great metabolic versatility and are able to
degrade pollutants and xenobiotics, such as heavy metals
(As, Cd, Cr, Cu, Hg, Ni, Pb, Se, V, and Zn) [27]. One of
the species identified in this work, A. ramosus, is involved in
the synthesis of protease, an enzyme important for the food,
pharmaceutical, leather, and detergent industries. A. ramosus
is also highly resistant to a variety of heavy metals and may
be useful for bioremediation processes [27].

Species of the Microbacterium genus can be isolated from
air, soil, water, fungi, plants, and humans. Many Microbac-
terium spp. play a significant role in human health, industry,
agriculture, environment, bioengineering, and biotechnology
and have applicability in the production of exopolysaccha-
ride, degradation of oil, degradation of xylan, metal tolerance,
production of biosurfactants, degradation of dimethylsul-
phide, degradation of lactone, and as a growth promoter in
plants [28]. Microbacterium phyllosphaerae was found in all
three regions examined in this study. In combination with
Burkholderia sp. and Candida tropicallis, M. phyllosphaerae
performs the processes responsible for the biodegradation of
chlorophenols, which are commonly used in the chemical

industry as intermediates in the synthesis of insecticide,
fungicide, and herbicide and cause serious environmental
damage [28].

The strains identified in this study have been previously
characterised as important for biotechnology applications.
Studies are currently being conducted to produce bioactive
compounds from Actinobacteria fermentations on different
substrates. The present data suggest that the number and
diversity of Actinobacteria in tropical soils represent a vast
unexplored resource for the biotechnology of bioactives
production.

5. Future Perspectives

We commented on the introduction on the global develop-
ment of soil microbiology and the renaissance taking place
in natural product research. Furthermore, we reiterated our
belief that natural product search and discovery with soil
Actinobacteria shows exceptional promise. Our optimism is
based on the spectacular technological armamentarium that
is now available as well as the relatively complete but slowly
developing understanding of soil biology. This optimism is
also encouraged by the wide range of natural products that
may exist with a diversity of applications (e.g., enzymes
[5], antibiotics [4], fertilizer, pesticide [16], etc.). However,
in this study, the focus was on the microbial diversity of
Actinobacteria. Soil actinobacterial research and discovery
is an important component of natural product research but
the development of discoveries to yield products must also
be addressed. Although there are encouraging signs that the
newer biotechnology companies are focusing on soil organ-
isms, medical necessity as much as business opportunity
should ultimately be the driver behind investment in natural
product drugs.
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