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Acidobacteria from oligotrophic soil from the Cerrado can
grow in a wide range of carbon source concentrations
Virgilio Hipólito Lemos de Castro, Luis Felipe Schroeder, Betania Ferraz Quirino,
Ricardo Henrique Kruger, and Cristine Chaves Barreto

Abstract: Soils from the Brazilian Cerrado are nutrient-poor, acidic, and aluminum-rich. A previous study revealed that mem-
bers of the phylum Acidobacteria were predominant in these oligotrophic soils. Five acidobacteria from Cerrado soil were isolated
on VL-55 medium containing 0.05% of xylan as carbon source. All isolates belong to the Acidobacteria subdivision 1, and their 16S
rRNA showed similarities of 94.2%–96% with Acidobacterium capsulatum or 98.6% with Edaphobacter aggregans. All isolates were able
to sustain growth in a wide range of carbon source concentrations. Growth occurred in all concentrations of arabinose, dextrose,
and xylose; only one isolate did not grow on fructose. Isolates grew poorly on N-acetyl-D-glucosamine at all concentrations tested.
In general, increasing concentrations of these monosaccharides did not inhibit growth rates. Isolates exhibited growth on solid
medium containing xylan, carboxymethyl cellulose, and colloidal chitin; however, growth was observed on solid medium that
did not contain these polysaccharides. These isolates may be able to use the solidifying agents tested (gellan gum or agar) as
carbon source. This interpretation is supported by the absence of growth in liquid media containing chitin or carboxymethyl
cellulose at 0.05% as sole carbon source, whereas growth in the same conditions using xylan was confirmed.

Key words: Acidobacteria, Cerrado, soil bacteria, colloidal chitin, oligotrophy.

Résumé : Les sols du Cerrado Brésilien sont pauvres en éléments nutritifs, acides et riches en aluminium. Une étude antérieure
a révélé que les acidobactéries représentaient le principal phylum retrouvé dans ces sols oligotrophes. Cinq acidobactéries issues
de sols du Cerrado ont été isolées sur un milieu VL-55 contenant 0,05 % de xylane comme source de carbone. Tous les isolats
appartenaient à la sous-division 1 des acidobactéries et leur ARNs 16S présentait des similitudes de 94,2 % à 96 % avec Acidobacterium
capsulatum ou de 98,6 % avec Edaphobacter aggregans. Tous les isolats ont pu se développer en présence d’une large gamme de
concentrations de la source de carbone. Toutes les concentrations d’arabinose, de dextrose et de xylose ont alimenté la crois-
sance; un seul isolat n’a pu pousser dans du fructose. Les isolats ont eu du mal à se développer dans du N-acétyl-D-glucosamine
à toutes les concentrations mises à l’essai. Règle générale, le fait de hausser les concentrations de ces monosaccharides n’a pas nui
à la vitesse de croissance. Les isolats ont crû sur un milieu solide contenant du xylane, du carboxyméthylcellulose et de la chitine
colloïdale; or, une croissance s’observait aussi sur un milieu solide ne renfermant pas ces polysaccharides. Ces isolats pourraient être
capables de faire usage des substances gélifiantes (gomme gellane ou agar) comme source de carbone. Cette interprétation est
corroborée par l’absence de croissance en milieu liquide renfermant 0,05 % de chitine ou du carboxyméthylcellulose comme unique
source de carbone. En revanche, on a confirmé la croissance des isolats dans les mêmes conditions en présence de xylane. [Traduit par
la Rédaction]

Mots-clés : Acidobacteria, Cerrado, bactéries du sol, chitine colloïdale, oligotrophie.

Introduction
The Brazilian savanna, the Cerrado, is located in the central part

of Brazil, comprising approximately 23% of the total area. It is the
second largest biome among the 5 existing biomes in the Brazilian
territory. Oxisols are prevalent in the Cerrado; this type of soil is
characterized by low pH (i.e., with a median of 5.0), low nutrient
availability, and a high concentration of iron and aluminum
(Haridasan 2008). This savanna biome is heterogeneous, present-
ing several types of vegetation, known as phytophysiognomies,
ranging from grassland to areas with a canopy height of approxi-
mately 12 m (Ratter et al. 1997; Haridasan 2008).

In a previous study using 16S rRNA gene analysis (Araujo et al.
2012), members of the phylum Acidobacteria were found to be pre-

dominant in soils of 4 distinct Cerrado phytophysiognomies. This
is unusual for soil samples, as typically, members of the phylum
Proteobacteria are the most abundant in soil Proteobacteria, as indi-
cated by a 16S rRNA gene clone library analysis (Janssen 2006).
Members of the phylum Acidobacteria are the second most abun-
dant microorganisms in soil, with a relative abundance that can
range from 5% to 46% of all 16S rRNA gene sequences, but it is
usually observed corresponding to approximately 20% of all 16S
rRNA gene sequences (Janssen 2006). In the Araujo et al. (2012)
study, deep sequencing analysis of Cerrado soils samples revealed
that the phylum Acidobacteria was represented by 40%–47% of all
16S rRNA gene sequences; whereas Proteobacteria was represented
by only 34%–40%. Members of Acidobacteria subdivision 1 were the
most abundant, followed by subdivisions 3 and 2; subdivisions 4,
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5, 6, 7, 13, and 17 were observed in low abundances (i.e., less than 4%).
The reasons for the predominance of acidobacteria in this sa-
vanna environment are not yet understood.

The publication of the first 3 acidobacteria genomes revealed
that members of at least 2 of the Acidobacteria subdivisions might
be important players in carbon cycling, since they possess genes
for degradation of polysaccharides such as cellulose, starch, chi-
tin, and xylan. In addition, genome analysis suggested that acido-
bacteria are slow-growers due to the presence of only 1 or 2 copies
of the 16S rRNA gene (Ward et al. 2009), which was previously
observed in other acidobacteria belonging to the genus Terriglobus
(Eichorst et al. 2007). Moreover, some studies on acidobacteria
physiology have presented experimental data suggesting that aci-
dobacteria from subdivision 1 may be involved in the degradation
of plant polymers (Pankratov et al. 2008; Eichorst et al. 2011;
Kulichevskaya et al. 2012).

Novel strategies have been developed to improve cultivation of
acidobacteria and other soil bacteria with low number of cultured
representatives (Alain and Querellou 2009). Several strains of aci-
dobacteria were successfully isolated using a simple strategy
based on the following: the dilution of nutrients in a culture
medium to at least 10 times less than that found in the original
concentration, dilutions of the inoculum to avoid high cell con-
centration, use of complex polysaccharides as carbon sources,
longer incubation times, and high-throughput methods such as
the “plate-wash” PCR to detect targeted groups (Janssen et al.
2002; Sait et al. 2002; Stevenson et al. 2004; Davis et al. 2005).
Molecular data showed that acidobacteria are abundant in the
Cerrado soils, and therefore, their isolation is crucial to under-
standing their relationship with their environment, such as
preferred macronutrient sources and interactions with other
organisms as well as their role in the global biogeochemical cy-
cles. In addition, some metagenomic studies infer that the corre-
lation between acidobacteria and oligotrophic soils implies that
they are oligotrophic bacteria (Fierer et al. 2012; Jones et al. 2009).
Studies on the physiology of acidobacteria have already stated
that this is a misconception, since these bacteria have been cul-
tured in high carbon concentrations (Eichorst et al. 2007). In the
present work we were able to isolate acidobacteria from Cerrado
soils by improving the current existing methods for their culture
and detection. The main goal of this work was the further charac-
terization of these bacteria according to their growth on different
concentrations of various carbon sources This represents the first
step to improve the knowledge on the ecophysiology of acidobac-
teria in Cerrado soils.

Materials and methods

Soil sampling
The soils used in this study were from an area of Cerrado sensu

stricto (16°34=21.3==S, 47°44=48.8==W) located on a farm near the city
of Cristalina in the state of Goiás, Brazil. An additional Cerrado
area was sampled (Cerrado “ralo”: 16°34=21.3==S, 47°44=48.8==W), as
well as the soil of a forest of eucalyptus (16°36=50.3==S, 47°42=10.9==W);
both on the same farm property.

Soil was collected from the upper layer (0–10 cm) using a core
borer and stored in a sterile bag (Whirl-Pak Bags, Nasco, Wiscon-
sin, USA). Soil samples were sieved through a 2 mm mesh to
remove plant material and large soil particles. Samples were kept
on ice until their arrival in the laboratory; acidobacteria cultiva-
tion experiments started on the same day. Soil physicochemical
analysis was performed by Soloquímica Ltd. (Brasilia, Brazil).

Cultivation of soil bacteria
All soil samples containing the bacteria were initially inocu-

lated on medium VL-55 (Sait et al. 2002). This medium was pre-
pared as described by Sait et al. (2002) replacing the SL-10 trace
solution with a modified Balch’s trace elements solution (g·L−1):

nitroacetic acid, 1.5; FeSO4·7H2O, 0.556; MgSO4, 0.5; MnSO4·7H2O,
0.5; Na2MoO4, 0.24; NiCl2·6H2O, 0.1; CoCl2·6H2O, 0.1; ZnSO4·7H2O,
0.1; CuSO4·5H2O, 0.01; AlK(SO4)2, 0.01; H3BO3, 0.01 (Balch et al.
1979; Nakayama 2005). The carbon source was xylan from oat
spelts (Sigma-Aldrich, Missouri, USA) at 0.05% (m/v). Solid medium
contained 0.8% of gellan gum (KELCO, Georgia, USA) and 1.2 mmol·L–1

CaCl2. At this concentration of gellan gum and CaCl2, the medium
is solidified (Janssen et al, 2002). The medium was supplemented
with 0.1 �g·mL−1 cycloheximide (Sigma-Aldrich) to inhibit fungal
growth.

A soil suspension was obtained by inoculating 1 g of fresh soil in
100 mL of medium VL-55 as described by Sait et al. (2002) and
mixed for 30 min using a vortex. The resultant suspension was
diluted in a series of 10-fold dilutions to a final concentration of
10−7 dilution using the VL-55 medium salt base (without the
carbon source, vitamins, and micronutrient solution). Three
hundred microlitres of the highest dilution was inoculated on
11 plates, for each soil, and incubated at 25 °C. The number of
visible colonies was scored weekly for 5 weeks.

Detection of acidobacteria
The presence of acidobacteria was initially detected in DNA

originated from fresh soil; DNA was obtained from 1 g of soil using
the Power Soil DNA Isolation kit (MO BIO, California, USA). In
addition, DNA was obtained from the total colonies by using the
plate-wash technique (Stevenson et al. 2004): 1 mL of sterile VL-55
salt medium was added to the inoculated plates, colonies were
removed with a sterile spreader, and DNA was extracted (Wilson
2002). Finally, DNA from individual colonies was obtained by “col-
ony PCR”, which involved collecting a sample of each colony di-
rectly from the plate using a sterile toothpick and mixing the cells
with 20 �L of sterile water; 1 �L of this suspension was used
directly as DNA template in PCR amplifications.

Acidobacteria were detected by PCR amplification of the 16S
rRNA gene using the phylum-specific primer 31F (Barns et al. 1999)
and the universal primer 1492R (Lane 1991). Each 20 �L PCR reac-
tion contained 10 ng of template DNA (or 1 �L of a colony suspen-
sion, as explained above), 0.2 �mol·L–1 (each) primer, 200 �mol·L–1

dNTPs, 1× Taq reaction buffer, 5 �g of bovine serum albumin, 1 U
of Taq polymerase (Phoneutria, Minas Gerais, Brazil). The amplifi-
cation protocol consisted of 1 cycle at 94 °C for 2 min, followed by
30 cycles of 30 s at 94 °C (denaturing), 30 s at 52 °C (annealing),
1 min at 72 °C (extension), ending with a final step at 72 °C for
5 min. DNA from Acidobacterium capsulatum was used as positive
control, whereas DNA from a goat rumen microbial community
was used as negative control, as acidobacteria had not been iden-
tified in a study using 16S rRNA gene clone libraries (Cunha et al.
2011). In addition, as a positive control for PCR, amplification of
bacterial 16S rRNA gene was performed using universal primers
27F and 1492R (Lane 1991) as described above.

Isolation and characterization of acidobacteria
Colonies were tested using the acidobacteria-specific primers as

soon as a colony was visible. Colonies that were positive for PCR
using the acidobacteria-specific primer were transferred to new
culture medium for isolation using the streak-plate method.
Bright-field microscopy and Gram staining were used to check for
uniformity of cells.

Acidobacteria were characterized according to their ability to
use different carbon sources. Acidobacteria cells were grown in
5 mL of VL-55 for 2 weeks at 25 °C shaken on an orbital shaker at
120 rotations·min–1. Cells were then collected by centrifugation
(4 °C at 5000g) and washed twice with VL-55 salt solution, without
any carbon source. Cells were resuspended in 1 mL of VL-55 salt
solution, and 100 �L of this suspension was used as an inoculum in
carbon source utilization experiments, as described below.

The ability of acidobacteria to grow using different monosac-
charides as a carbon source was tested in liquid culture experi-
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ments. Ninety-six-well plates containing 200 �L of VL-55 medium
amended with D-glucose, L-arabinose, D-xylose, D-fructose, or N-acetyl-
D-glucosamine were inoculated with each acidobacteria isolate
and incubated at 25 °C without shaking. Three concentrations of
each monosaccharide were tested: 0.2%, 0.4%, and 0.8% (m/v) in
triplicates (3 wells for each carbon concentration). Bacterial
growth was determined by measuring the absorbance at 540 nm,
growth was recorded every 24 h for 2 weeks. This experiment was
independently repeated 3 times. Growth rate was calculated as
ln (X2/X1)(t2 – t1)−1, where X1 and X2 are the absorbance values at
time 1 (t1) and time 2 (t2) during log phase. The highest absorbance
observed during log phase was scored. The concentrations se-
lected for these experiments were based on the concentration of
glucose in M9 medium used to grow the copiotrophic bacteria
Escherichia coli, which is 0.4% (m/v) (Sambrook and Russell 2001).
Each plate contained VL-55 medium in which no carbon source
was amended.

The ability of acidobacteria to grow using different insoluble
polysaccharides as the carbon source was tested in VL-55 solid
medium using the same concentrations chosen for monosaccha-
rides, and the concentration of 0.05% (m/v), which was the concen-
tration of xylan used to isolate these bacteria. The following
polysaccharides were tested: xylan from beechwood, colloidal
chitin (prepared from shrimp shells), and low-viscosity carboxy-
methyl cellulose (all reagents were from Sigma-Aldrich). Colloidal
chitin was prepared by acid hydrolysis (Skujins et al. 1965) and it
was not lyophilized at the end of the procedure (wet mass).

At higher concentrations of polysaccharides, growth could not
be correctly accessed in liquid medium, since the particles of
these insoluble polysaccharides interfered with absorbance mea-
sure. At the concentration of 0.05%, this interference was lower
and growth could be observed in liquid and solid media. The solid
medium was prepared as described above except in concentra-
tions of 0.4% (m/v) of any polysaccharide in which the addition of
1.8 mmol·L–1 CaCl2 was necessary for polymerization. In a parallel
experiment, 1.5% agar (m/v) was used as solidifying agent, replac-
ing gellan gum. Solid media without polysaccharides were pre-
pared as negative control. In each experiment, 3 plates were used
for each carbon source in each concentration, for either solidify-
ing agent (agar or gellan gum).

Acidobacteria cell suspension, prepared as described above, was
inoculated on solid medium using a platinum loop with a fixed
volume of 10 �L using the streak-plate technique. Colony-forming
units could be observed after 2 weeks of growth at 25 °C, but the
experiment was evaluated after 4 weeks, to allow colonies to be
fully developed. Growth was evaluated semiquantitatively by
comparing the presence of colonies on each of the 4 sections of
the plates where colonies were observed (quadrant) as follows:
when colonies were observed only in the first quadrant, i.e., 1/4 of
the plate, (most concentrated inoculum), it was scored as poor (+).
When colonies were present in all 4 quadrants (entire plate), it
was scored as very good (++++). These experiments were indepen-
dently performed 2 times.

Identification of acidobacteria
Putative acidobacteria colonies were further analyzed by ampli-

fication and sequencing of the 16S rRNA gene with the same prim-
ers used in colony PCR and the primer 338F (Lane 1991) as an
internal primer. Nucleotide sequences were obtained with a
3130 Genetic Analyzer (Applied Biosystems, California, USA). The
nearly full-length 16S rRNA gene sequences from each acidobac-
teria (roughly 1.4 kb) were assembled using Bioedit software (Hall
1999), and phylogeny was analyzed using ARB software package
(Ludwig et al. 2004). Sequences from acidobacteria isolates avail-
able in the database were used in the analysis, generating phylo-
genetic trees using the neighbor-joining method with a bootstrap
of 1000 replications. Similarity scores were calculated using the
myRDP space in the Ribosomal Database Project (Cole et al. 2007).

The sequences here described were deposited at GenBank under
the accession Nos. JX029994–JX029998.

Results

Physicochemical analysis and detection of acidobacteria in
soils

Soil samples from a pristine area in the Brazilian Cerrado were
used to obtain bacteria belonging to the phylum Acidobacteria.
Physicochemical analysis of soil samples from Cerrado sensu
stricto exhibited all characteristics expected for a pristine Cerrado
soil (Araujo et al. 2012), such as acidic pH, toxic concentration
of Al3+ (above 1.0 cmol·dm–3), and phosphorus content below
3.0 ppm (Table 1). DNA derived from all 3 soils yielded the ex-
pected band of 1.4 kb after PCR using the phylum-specific primer.
Although the presence of acidobacteria in soils fertilized for eu-
calyptus cultivation was also observed, further experiments for
cultivation of acidobacteria were performed only with soil from
Cerrado sensu stricto, since the aim was to isolate acidobacteria
from a native Cerrado soil. As expected, PCRs containing rumen
DNA did not present amplification, indicating that this microbial
community does not present acidobacteria (results not shown).

Cultivation and detection of acidobacteria on plates
The dilution of soil samples to 10−7 generated fewer than

10 colonies per plate at the end of the experiment. The mean
number of bacterial colonies observed in the first week was fewer
than one per plate, since no colonies were observed on some
plates. After 2 weeks of incubation at 25 °C, colonies were ob-
served on all plates, causing an increase in mean colony numbers.
Fungal contamination was observed even in the presence of cy-
cloheximide; fungal mycelia covered the plates in more than 50%
of the replicas after 5 weeks of experiment. The use of fungal
growth inhibitors was not mentioned in the original methodol-
ogy (Janssen et al. 2002; Joseph et al. 2003; Davis et al. 2005;
Janssen 2008), but our pilot experiments had already revealed that
fungal growth would compromise the experiment. Therefore, the
medium was amended with cycloheximide, an inhibitor of eu-
karyotic protein translation (Obrig et al. 1971; Schneider-Poetsch
et al. 2010), and the experiment was designed for a low number of
colonies per plate to reduce the fungal contamination, allowing
slow-growing bacteria to develop. Although this strategy success-
fully decreased fungal contamination to manageable levels, it was
not possible to completely eliminate it during the isolation, and
after 5 weeks, fungal mycelia covered most of the plates prevent-
ing correct assessment of total colony numbers.

Total DNA was extracted from culture plates using the plate-
wash technique, and the PCR analysis revealed that 7 of the
11 plates tested contained acidobacteria. Once the targeted phy-
lum was identified in soil samples and on culture plates, the
detection of colonies belonging to the phylum Acidobacteria pro-
ceeded by direct colony PCR from the each of the 11 plates. Bacte-
rial colonies that yielded the expected 1.4 kb band in PCR using
phylum-specific primers were removed from plates during the
experiment, before fungal contamination prevented further bac-
terial isolation.

Table 1. Physicochemical parameters of the soil from the Cerrado.

Parameter
Cerrado
sensu stricto

Cerrado
ralo

Eucalyptus
forest soil

pH 4.8 5.1 5.2
Clay (%) 40.0 32.5 37.5
Sand (%) 47.5 50.0 40.0
Silt (%) 12.5 17.5 22.5
Organic carbon (g·kg−1) 29.4 22.0 24.2
Aluminum (cmol·dm−3) 2.6 1.5 0.9
Phosphorus (ppm) 1.1 1.1 5.2
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During the 5 weeks of the experiment, a total of 180 bacterial
colonies were screened using the Acidobacteria phylum-specific
primer; 19 colonies yielded the 1.4 kb expected PCR band. These
colonies were further isolated, but only 5 isolates were success-
fully obtained in pure cultures maintaining growth in the culture
medium. These colonies were named AB20, AB23, AB60, AB39,
and AB158, according to the number assigned to each one on the
plate. AB20 and AB23 were isolated from the same plate.

Identification and characterization of acidobacteria
Colonies of AB20, AB23, and AB60 presented a pink color, and

the cell morphology was Gram-negative coccobacilli, whereas
AB39 and AB158 colonies were white and cells were Gram-negative
bacilli (Fig. 1).

All 5 bacterial isolates were characterized by sequence analysis
of the nearly full-length 16S rRNA gene sequence and were iden-
tified as belonging to subdivision 1 of the Acidobacteria phylum
(Fig. 2). Isolate AB39 was closely related to Edaphobacter modestus
presenting 98.6% of similarity in the 16S rRNA gene sequence. The
isolates AB20, AB23, AB60, and AB158 were related to Acidobacterium
capsulatum presenting, respectively, 94.7%, 94.2%, 94.8%, and 96%
of similarity with this type-species 16S rRNA gene sequence. Iso-
late AB158 is more distantly related to the other 3 isolates in this
group and related to bacterial isolate Ellin5058 (Fig. 2). Isolates
AB20 and AB23 are in the same cluster as bacterial isolate El-
lin5237. Both Ellin isolates were obtained from pasture soils in Aus-
tralia (Janssen et al. 2002).

Isolates were evaluated according to their ability for growth using
polysaccharides as carbon sources; growth was observed in xylan,
carboxymethyl cellulose (CMC), and chitin in at least one concentra-
tion tested (Table 2). Only isolate AB158 did not grow in medium
solidified with agar, but presented poor growth in the same media
solidified with gellan gum. In general, isolates AB20, AB23, AB39, and
AB60 grew better on colloidal chitin and CMC than on xylan, which
was the carbon source used for their isolation. Growth on 0.05%
xylan was considered a positive control for growth (Table 2). Growth
in the absence of a polysaccharide tested was observed in media
solidified with gellan gum as well as medium solidified with agar.
However, growth was observed on solid medium where no carbon
source was amended; this was considered to be a negative control for
growth. On medium solidified with agar, growth was less evident
than growth on medium with gellan gum (Table 2). On plates con-
taining gellan gum, colonies that grew on medium without the
amendment of a carbon source were transferred twice to the same

solid medium, without the amendment of any polysaccharide tested
growth was observed in all transfers executed.

All isolates grew in the pentoses (i.e., arabinose and xylose) and
hexoses (i.e., dextrose and fructose) tested, except for isolates AB20
and AB39, which were not able to grow well on fructose (Fig. 3).
Isolates grew poorly when N-acetyl-D-glucosamine was added as car-
bon source, but for AB60 and AB158, absorbance values observed
were similar to those observed in medium containing 0.05% xylan as
carbon source. Isolate AB23 presented the highest absorbance val-
ues; growth in arabinose, dextrose, and xylose was higher than ob-
served in xylan 0.05%. Growth was not observed when 0.05% of chitin
or CMC were added as carbon sources (Fig. 3).

In general, a pattern of decrease in growth rates was not ob-
served as carbon concentration increased, except for isolates
AB20 and AB23 on arabinose and AB60 on dextrose (Fig. 3). No
growth was observed in liquid medium lacking a carbon source,
since absorbance values observed were similar to the control
without cell inoculation (results not shown).

Discussion
Metagenomic analysis of soils has not only revealed new groups

of microorganisms previously unknown to microbiologists but

Fig. 1. Phase-contrast micrographs of 5 strains of acidobacteria, in exponential growth phase, in medium VL-55. (A) AB20, (B) AB23, (C) AB39,
(D) AB60, and (E) AB158. Scale bars represent 2 �m.

Table 2. Growth of acidobacteria isolates on solid medium amended
with increasing concentrations of polysaccharides, and solidified with
gellan gum or agar.

Carbon source
and concn. AB20 AB23 AB39 AB60 AB158

None ++/+ ++/+ +/+ ++/+ +/−
Xylan

0.05% +++/++ +++/+ +/++ ++/+ +/−
0.20% ++/− +++/− +/+ −/+ +/−
0.40% +/+ +/− +/− −/+ −/−

CMC
0.05% +/+++ +/++ +/+ ++/+++ ++/−
0.20% ++/+++ +++/++ ++/++ ++++/++ +/−
0.40% +/+++ +++/++ −/+ +++/+++ +/−

Chitin
0.05% +++/++ +++/++ ++/+ +++/− +/−
0.20% +++/++ +++/++ ++/+ ++++/+++ +/−
0.40% ++/++ ++/+ ++/++ ++++/+++ +/−

Note: Data are presented as growth in gellan gum/agar. ++++, very good; +++,
good; ++, fair; +, little; –, no growth observed. Colonies were observed after 4 weeks
of growth.

Pagination not final (cite DOI) / Pagination provisoire (citer le DOI)

4 Can. J. Microbiol. Vol. 59, 2013

Published by NRC Research Press

C
an

. J
. M

ic
ro

bi
ol

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
op

yr
ig

ht
 C

le
ar

an
ce

 C
en

te
r 

on
 1

1/
06

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



also that the most common soil microbes are from the phylum
Proteobacteria, followed by the phylum Acidobacteria (Handelsman
2004; Janssen 2006). In soils from the Brazilian savanna, the Cer-
rado, the same type of analysis showed a predominance of acido-
bacteria over proteobacteria (Araujo et al. 2012). Local environmental
factors may be responsible for acidobacteria success in Cerrado
soils, but there were no characterized soil isolates from the
Cerrado in culture and thus limited knowledge about their
physiology.

The first step was to isolate acidobacteria from Cerrado soil.
Although acidobacteria were detected in all soil samples stud-
ied, isolation procedures were executed solely from Cerrado
sensu stricto. This soil presented the expected characteristics
for oxisols from Cerrado, such as low pH, low nutrient avail-
ability (particularly phosphorus), and aluminum concentra-
tions of above 1.0 cmol·dm–3 (or 10 mmol·L–1), which is considered
high and toxic to most plants of economic importance in Brazil
(Machado 1997).

The strategy to obtain acidobacteria in culture was based on
the principles for cultivation of bacteria previously considered

uncultivable from soil samples (Janssen et al. 2002; Joseph et al.
2003; Davis et al. 2005; Janssen 2008). The culture medium
chosen for the isolation of acidobacteria from Cerrado soils was
VL-55, pH 5.5, a chemically defined culture medium that con-
tains xylan as the sole carbon source, and amended with a
solutions of vitamins, as well as trace elements (Sait et al. 2002).
The SL-10 trace element solution used in the original medium
was substituted with the Balch’s solution, since the latter contains
Al3+ ions, which is present in high levels in Cerrado soils.

A set of 11 plates was used for determining the presence of acido-
bacteria on VL-55 using the plate-wash technique (Stevenson et al.
2004). By using this technique (Stevenson et al. 2004), it was possible
to detect acidobacteria on 64% of these plates. However, it was
impossible to recover any colonies, since the mix containing all
cells from one plate also contained contaminating fungus.
Therefore, to identify acidobacteria from the mixed cultures,
we instead used a colony PCR technique using the phylum-
specific primer. Although the original plate-wash methodology
allows for screening of a large number of colonies on plates, it

Fig. 2. Phylogenetic tree using the nearly-full nucleotide sequence of the 16S rRNA gene showing the relationship between Cerrado
acidobacteria isolates (AB) and all recognized Acidobacteria type species and representative isolates of subgroup 2. Phylogenetic trees were
generated using the neighbor-joining method with a bootstrap of 1000 replications. Scale bars represent number of substitutions per nucleotide.
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may be more efficient for soil samples in which fungal growth
is not a major issue.

In VL-55 medium, acidobacteria belonging to subdivision 1 rep-
resented 10% of all colonies present. Considering that previously

reported acidobacteria abundance in Cerrado soils using pyro-
sequencing of the 16S rRNA gene was above 50% (Araujo et al.
2012), improvements to the current culture technique are needed
to increase the number of acidobacteria colonies on culture

Fig. 3. Growth of acidobacteria isolates in each carbon source and concentrations tested. Bars represent maximum absorbance observed at
log phase. Circles represent growth rate in each culture condition measured by absorbance at 540 nm. (A) AB20, (B) AB23, (C) AB39, (D) AB60,
and (E) AB158. NAG, N-acetyl-D-glucosamine.
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plates. In addition, the same molecular study has revealed the
presence of acidobacteria from subgroups 2 and 3, which were not
observed in the present work.

Subgroup 1 is the most common Acidobacteria subgroup ob-
tained in culture worldwide (Kishimoto et al. 1991; Eichorst et al.
2007; Koch et al. 2008; Mannisto et al. 2011, 2012). The majority of
the isolates reported are from a large collection of bacteria previ-
ously considered uncultivable obtained from Australian soil from
Ellin bank (Janssen et al. 2002; Sait et al. 2002; Davis et al. 2005).
Among the acidobacteria obtained in the present work, AB20 and
AB23 were related to bacterium Ellin5237, whereas AB158 was
more closely related to Ellin5058. Both of these Ellin isolates were
not fully characterized, and it is not certain if they are novel
species or genera of Acidobacteria. However, these bacteria and the
isolate AB60 are in the same cluster with Acidobacterium capsulatum.
In contrast, isolate AB39 may be a novel isolate of Edaphobacter
modestus, since it presented a similarity of 98.6% with this species.
Although the DNA–DNA reassociation value of 70% is still a gold
standard for determining if 2 isolates belong to the same species,
the 16S rRNA gene sequence has been used, and in most cases
presents a good correlation with DNA–DNA reassociation analy-
sis, which is recommended if the sequence similarity between two
16S rRNA genes is below 98.7% (Stackebrandt and Ebers 2006).
Therefore, further taxonomic studies are essential to determine
unequivocally if these newly isolated Cerrado acidobacteria bac-
teria are novel species.

The second goal of the present study was to investigate some
physiological characteristics of acidobacteria that may clarify
their abundance in Cerrado soils. Although the presence of acido-
bacteria 16S rRNA gene in microbial diversity studies may be re-
lated to oligotrophic environments (Fierer et al. 2007), there is
little evidence about their physiology to say that these bacteria are
obligate oligotrophs. Eichorst et al. (2007) have already indicated
that Terriglobus cannot be considered an obligate oligotrophic bac-
teria since it can grow in rich medium. Thus, in the present study,
we investigated the hypothesis that acidobacteria isolated from
Cerrado would exhibit growth inhibition by high concentrations
of carbon, as expected for obligate oligotrophic bacteria.

The analysis of the published genomes of A. capsulatum and
other 2 Acidobacteria species (Ward et al. 2009), as well as the
genome of Terriglobus saanensis (Rawat et al. 2012), shows the pres-
ence of a great number of glycosyl hydrolases. Our results do not
confirm that acidobacteria from Cerrado soil were able to use
polysaccharides other than xylan, since growth was observed in
solid medium without polysaccharide and amended with polysac-
cahride. In liquid medium, growth was observed on xylan (and
xylose) but not on chitin and cellulose. However, growth has
been reported for acidobacteria on cellulose, in liquid medium,
(Eichorst et al 2011) and on chitin, on solid medium (Foesel et al.
2013). Another consideration against chitin utilization by these
5 isolates was the poor growth observed in N-acetyl-D-glucosamine,
which is the monomer of this polysaccharide. It is possible that
the acidobacteria from Cerrado use the solidifying agent gellan
gum (or agar) as carbon source. Since these isolates showed
growth on D-glucose, these bacteria may be scavenging gellan gum
subunits (D-glucose, D-glucuronic acid, and L-rhamnose) (Bajaj et al.
2007), which may have originated during medium sterilization.
Gellan gum degradation was reported for the acidobacteria be-
longing to the genus Bryocella, since it forms holes in culture me-
dium solidified with gellan gum (Dedysh et al. 2012). Although no
clear depolymerization of the solid medium was observed for
AB20, AB23, and AB60, acidobacteria AB39 and AB158 grew on the
solid medium. However, it was noticed that for isolates AB20,
AB23, AB39, and AB60 growth was stimulated when both gellan
gum (or agar) and a polysaccharide were present in the culture
medium.

The term oligotroph has been used in different ways. It may
describe bacteria that can grow in medium containing carbon at a

concentration of ≤1 mg·L−1, an organism that is adapted to grow in
a low-nutrient environment (revised by Schut et al. 1997), or even
organisms that are obtained from oligotrophic environments
(Koch 2001). Although these bacteria are able to grow in low-
carbon concentrations, as demonstrated in the solid medium
experiment with polysaccharides, they can grow in higher mono-
saccharide concentrations in liquid medium. Therefore, the
acidobacteria described here cannot be considered obligate oli-
gotrophs, at least when only carbon usage is considered (Koch
2001; Eichorst et al. 2007). Since the organic carbon present in the
Cerrado soil used in this study is not different from the eucalyptus
forest, which has been fertilized, it may be possible that these
bacteria thrive in other limiting conditions of the Cerrado soil.

Several studies using molecular approaches have pointed out
the abundance and ubiquitous distribution of acidobacteria in
soils, but comparatively there are fewer studies on their isolation
and characterization. In the present work it was demonstrated
that acidobacteria from Cerrado soil were able to sustain growth
in a wide range of carbon source concentrations, in culture media.
Therefore, carbon concentration in the environment may not be
the main factor responsible for acidobacteria abundance in Cer-
rado soils. Other physicochemical characteristics observed in Cer-
rado soils, such as low concentrations of phosphorous, nitrogen
availability, and high Al3+ concentrations will be the next param-
eters to be investigated.
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