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ABSTRACT. The increasing world production of biodiesel has resulted
in an accumulation of crude glycerol as the major byproduct. This could
be used as carbon source for industrial microbiology, with economic
and environmental advantages for the biodiesel industry. We explored an
Atlantic Rainforest soil sample to search for crude glycerol-degrading
microorganisms. Microcosms of this soil were established containing
minimal medium + 8% crude glycerol (w/w); the biological activity was
measured by respirometry. High CO, levels were found in some of the
crude glycerol microcosms, suggesting the activity of microorganisms
capable of degrading this residue. In an attempt to isolate and cultivate
these microorganisms in vitro, aliquots of the soil suspension were plated
on minimal medium containing 10% crude glycerol (v/v). Out of 19
morphologically distinct isolates, 12 bacteria and 6 yeasts were identified
by PCR from universal primers 16S and 26S rDNA, respectively.
Optical density readings revealed growth differences among cultures.
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Two yeasts and three bacteria with distinct growth profiles stood out and
appeared to have potential for liquid fermentation of crude glycerol. The
yeasts adapted rapidly, but produced relatively little biomass. Opposite
tendencies were found in the bacteria. Amplicon sequencing placed the
bacterial isolates as close to Staphylococcus arlettae, Pseudomonas
citronellolis, and Bacillus megaterium, and the yeasts to Trichosporon
moniliiforme and Meyerozyma guilliermondii. We concluded that these
species have potential for use in crude glycerol bioreactors and for
bioremediation processes.

Key words: Biofuels; Glycerol conversion; Microbial diversity;
Clean energy; Crude glycerin; Glycerol industry

INTRODUCTION

The world market of “green/clean” energy is increasingly counting on biodiesel as a
viable alternative to fossil fuels for environmentally sustainable development (Dobson et al.,
2012; Yang et al., 2012). However, around 10% of the biodiesel production results in crude
glycerol as the main by-product of this process (da Silva et al., 2009). Therefore, the increased
worldwide production of this fuel in recent years has brought a much larger availability of crude
glycerol for this specific market, with a concomitant drop in its prices (Yazdani and Gonzalez,
2007). This residue is usually qualitatively and quantitatively contaminated by various other
substances that participate in, or are derived from, biodiesel production; they vary according
to 1) the biological origin of the oils and fats used as raw material, ii) the catalyst type and ef-
ficiency of the transesterification process, iii) the biodiesel yields, iv) the initial levels of present
impurities, and v) whether there is any sort of recovery for the catalyst and methanol employed
(Thompson and He, 2006; Yang et al., 2012). Such variation and the chemical nature of these
contaminants make the direct use of crude glycerol unviable for food, pharmaceutical, chemi-
cal, and synthetic material industries (Ashby et al., 2011), which commonly use pure glycerol.
Thus, the use of crude glycerol in other applications and/or in its bioconversion to other prod-
ucts with economic value appear to be the best alternative for its processing in biodiesel produc-
tion facilities (Johnson and Taconi, 2007; Min et al., 2010; Dobson et al., 2012).

To process the crude glycerol residue based upon economic and environmentally sus-
tainable methods that lead to value-added products, several approaches have been developed
(e.g., Mu et al., 2008; Min et al., 2010; Posada et al., 2011; Ashby et al., 2011; Varrone et al.,
2012). As noticed from these studies, the use of microorganisms capable of degrading/convert-
ing crude glycerol has been a major strategy proposed (Pagliaro et al., 2007). The predominant
type of work reported in recent years employs pre-selected and/or already established strains of
microorganisms for glycerol-bioconversion processes (Mu et al., 2008; Rymowicz et al., 2010;
Gungormusler et al., 2011; Ashby et al., 2011), which is relevant in view of the urge of devel-
oping biotechnologies able to efficiently cope with the waste of biodiesel production (Yazdani
and Gonzalez, 2007; Dobson et al., 2012). However, the screening for new strains of microor-
ganisms showing greater or more rapid degradation of crude glycerol, or even displaying novel
metabolic features in terms of value-added compounds they can generate directly from growth
on this residue, should not be relegated in this context. New crude glycerol-degrading isolates

Genetics and Molecular Research 12 (4): 4422-4433 (2013) ©FUNPEC-RP www.funpecrp.com.br



E.A.A. Duarte et al. 4424

can be used either alone or making up microbial consortia, which are showing to be very prom-
ising for this purpose (Gallego et al., 2007; Varrone et al., 2012). Not unexpectedly, the ten-
dency in screening studies of this nature is to seek novel isolates exactly in those environments
enriched with the same target substrate (e.g., Maciel et al., 2007; Franciscon et al., 2009), due
to the higher possibility of finding microorganisms already adapted to these human-generated
ecological niches. Nevertheless, other sources of diverse microbes should not be neglected,
since glycerol is an abundant carbon source in nature (it is a structural component of many
lipids), and so, likely prone to be metabolized by a great variety of microorganisms.

From the point of view of biotechnology, bacteria and yeasts are important groups
because their representatives in terrestrial microbiota are recognized by the high species diver-
sity, adaptive plasticity, and metabolic versatility, which allow their employment in numerous
biodegradation processes (e.g., Maciel et al., 2007; Mili¢ et al., 2009; Franciscon et al., 2009).
The microbial biodiversity of soils from the Atlantic Rainforest is expectedly very large, due
to a higher diversity of plants (Myers et al., 2000; Arnold et al., 2002) and to a much lower
anthropic disturbance of this environment (Hanada et al., 2010). Hence, an interesting hypoth-
esis to be tested is whether a supposedly largely diverse ecosystem can harbor microbial spe-
cies able to degrade human-generated compounds, even when no previous contact with such
compound has occurred.

The process of biodegradation of organic compounds in soil can be assessed by mi-
crobial respiration, by measuring the emission of CO, and/or uptake of O,, which indicate the
presence of biological activity (Marin et al., 2005). In this context, the Bartha respirometer
(Bartha and Pramer, 1965) is a simple method that is frequently used in measurements of
microbial activity in soil microcosms (ABNT, 1999; Mello et al., 2007). In addition, once the
existence of active microbes in a given environment is established, subsequent biotechnologi-
cal applications depend on the possibility of isolating and cultivating these microorganisms
in vitro. Hence, the objectives of this study were i) to determine the biological activity in mi-
crocosms of an Atlantic Rainforest soil sample (from a biodiversity ‘hot-spot’ area) that was
enriched with crude glycerol, ii) to test the possibility of isolating microorganisms that are
crude glycerol-degraders, with distinct patterns of growth, and cultivating them in vitro, and
iii) to characterize these isolates taxonomically by DNA sequencing, to identify bacteria and
yeasts with potential applicability in biodegradation/ bioconversion of crude glycerol.

MATERIAL AND METHODS
Soil samples

Soil samples were collected at a site in the Atlantic Rainforest, located at 14°47'6"S
and 39°13'25" W in the city of Ilhéus, Bahia, Brazil. In each sample, 500 g soil were collected
at a depth of 0-20 cm, where 100 g were obtained from each of five collection spots, spaced 5
m apart. The samples were sieved in a 2-mm mesh, packed in plastic bags and stored at 4°C
for further analysis.

Soil microcosms enriched with crude glycerol and respirometric studies

The crude glycerol used in the experiments was the residue obtained by the trans-
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esterification of Jatropha oil (Jatropha curcas L.) used for biodiesel production and kindly
provided by the group of Bioenergy and Environment of the State University of Santa Cruz
(IThéus, BA, Brazil). The ‘microcosms’ formed from Atlantic Rainforest soil consisted of
50 g soil, 15 mL minimal medium (0.1% KH,PO,, 0.1% K HPO,, 0.1% NH,NO,, 0.05%
MgSO,, 0.001% Fe,SO,, 0.001% CacCl,) and 5.0 mL crude glycerol as carbon source (8%
v/w). The control was similarly established but without addition of crude glycerol. Higher
concentrations of crude glycerol (50, 70 and 100%) were also tested, but were discarded
due to the high viscosity, which generated spongy and saponified compounds that impaired
subsequent analyses.

The CO, emission in these microcosms was monitored by the Bartha method used in
respirometric studies, as defined in the technical standards L 6350 CETESB and NBR 14283
(ABNT, 1999). The experiment was done with triplicate measurements for each time point.
Each respirometer contained a single microcosm treatment as described above. To determine
the amount of CO, possibly produced by microorganisms during aerobic metabolism of the
carbon source added, 10 mL 0.2 N KOH were added every 24 h for 80 days. The amount of
carbon dioxide that was released by the microcosm and absorbed by this alkaline solution
was estimated by titration of residual KOH after addition of 1 mL 1.0 M barium chloride. A
standardized solution of 0.1 N HCI was used to titrate KOH. From the volume of acid added
during titration, the release of CO, was quantified using the formula:

[CO,]=(A-B)50f, ., (1)

where: A = volume of 0.1 N HCI used to titrate the KOH solution in the blank test (mL); B
= volume of 0.1 N HCI used to titrate the KOH solution in each treatment (mL); 50 = factor
to convert the volume of CO, to micromoles (umol); = factor of the 0.1 N HCI solution
(Mello et al., 2007).

fHCl

Isolation of microorganisms in media containing crude glycerol

Different proportions of soil, minimal medium and crude glycerol from those de-
scribed above were used to make a suspension that could enable better manipulation and
potential isolation of microorganisms capable of metabolizing the crude glycerol. In 250 mL
minimal medium (in a 500 mL Erlenmeyer flasks), 25 g crude glycerol + 200 g soil were
added and maintained under constant stirring at 120 rpm, at a temperature of 25° + 2°C. The
bottle was sealed, but allowed aeration; it was incubated for 90 days, seeking to reproduce
roughly the period of enrichment with crude glycerol of the soil sample in the respirometer
(see above). After this incubation period, aliquots were removed for in vitro culture.

In a Petri dish (100 x 20 mm) containing minimal medium (see composition above),
1.5% agar and 10% crude glycerol (v/v), 100 pL soil suspension enriched with crude glycerol
(after 90 days incubation) were added. For this experiment, three plates were inoculated and
incubated for 7 days in a BOD incubator at 35° & 2°C. The microorganisms that grew in this
medium were evaluated and characterized by morphology and by the Gram test. By means of
subcultures in Petri dishes containing the same medium, 19 morphologically distinct microor-
ganisms were isolated, of which 12 were bacteria and seven yeast. These isolates were stored
in liquid minimal medium + pure glycerol (25%, v/v) at -80°C for later use.
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Isolate identification by PCR of rRNA genes

The isolates were subjected to PCR amplification with universal primers designed for
the 16S rRNA gene of the bacterial domain, designated as 27F (5'-AGAGTTTGATCMTGGC
TCAG-3") and 1525R (5'-AAGGAGGTGWTCCARCC-3") (Lane, 1991), and D1/D2 primers
for the 26S subunit of rRNA gene of yeast, designated as NL-1 (5'-GCATATCAATAAGCGGA
GGAAAAG-3") and NL-4 (5-GTCCGTGTTTCAAGACGG-3") (O’Donnell, 1993). For both
amplifications, the following reagents and concentrations were used: a small amount of a col-
ony from each strain grown on the plate (DNA), 1X Taq DNA polymerase buffer, 3.7 mM
MgCl,, 0.6 uM dNTPs, 0.4 uM each primer, 0.4 mM bovine serum albumin (BSA), and 5 U
Taq DNA polymerase, in a final volume of 50 pL, adjusted with sterile ultrapure water. In these
experiments, 10 ng DNA from Escherichia coli or Saccharomyces cerevisiae were included as
positive controls for bacteria and yeast, respectively. Amplified products were separated on a
1% agarose gel, stained with ethidium bromide and visualized with UV light. The amplicons
were sequenced by Molecular Analysis ACTGene Ltda (Porto Alegre, RS) using the automated
sequencer ABI-PRISM® 3100 Genetic Analyzer (Applied Biosystems). The taxonomic identity
of the isolates was assessed through BlastN search in GenBank, using the general database for
26S rRNA-amplified sequences and the 16S rRNA database for the bacterial amplicons.

Growth curves of isolates in liquid medium containing crude glycerol

For standardization of inocula, the strains of bacteria were grown in nutrient agar me-
dium at 35°C for 48 h and monitored every 12 h. Sabouraud agar medium was used for yeasts,
with the corresponding isolates incubated at 29°C for 24 h. The respective inocula for bacteria
and yeast were standardized in sterile saline to 0.45%. To determine the growth curve of these
isolates, suspensions were made at a concentration of 5 x 108 CFU/mL as the initial inoculum,
which corresponded to an optical density of 0.3 on the McFarland scale. The growth curve was
determined using 50-mL sterile Falcon tubes containing 20 mL minimal medium (see above)
+ 10% crude glycerol (v/v) as the sole carbon source. The flasks were incubated at 30°C at
120 rpm for 7 days in an orbital shaker, with growth monitored every 24 h by spectropho-
tometry (SpectraMax Plus®) at 600 nm. For each isolate, three inoculations (replicates) were
established in separate flasks and incubated under the same growth conditions. The growth of
microorganisms in culture medium containing crude glycerol was evaluated from the optical
densities (OD) at 600 nm, with a reading every 24 h until the maximum time of 168 h. The
OD data obtained for each time and for each microorganism were statistically compared to
identify the moments of their respective growth curves in which the increase in cell number
was significant. For analysis of variance, these data were submitted to the Scott-Knott test (P <
0.05) using the SISVAR 5.3 program (Ferreira, 2011). Only significant differences in the OD
values at adjacent time points are indicated by letters in Table 1.

RESULTS

The magnitude of detectable biological activity in soil of the tropical Atlantic Rainfor-
est enriched with 8% crude glycerol was determined by monitoring the release of CO, in this
system by respirometry (Bartha method). Over 80 days of analysis, the results clearly demon-
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strated that this method was sufficient to detect biological activity in the soil microcosm induced
by crude glycerol (Figure 1). Compared with the control microcosm, a greater release of CO,
was observed in the glycerol-containing microcosm as early as the Sth day. For this treatment,
CO, production varied between 125 and 300 pmol starting on the 10th day of analysis, with
maximum emission between 55 and 65 days of incubation. As it might be expected, the control
treatment that consisted only of original soil + minimal medium without added carbon source,
showed some production of CO, (90 umol) only in the initial phase of the observations, with a
sharp decline in the amounts of this gas released in the final period of the experiment (Figure 1).
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Figure 1. Production of CO, in tropical Atlantic Rainforest soil evaluated by the method of Bartha. Values in the
graph are mean of three replicates. Control = control microcosm, only with soil + minimal medium (gray bars); 8%:
control microcosm plus the addition of this percentage of crude glycerol (black bars).

To examine the possibility of identifying cultivable microorganisms from the Atlantic
Rainforest soil with potential to consume crude glycerol, we established a soil suspension in
minimal medium containing this residue. After 90 days of incubation, aliquots of this suspen-
sion were plated and incubated in minimal medium containing 10% crude glycerol. Several
morphologically distinct colonies were observed on the plates after 24 h incubation at 28°,
32°, and 35°C, respectively (data not shown). In proceeding with molecular characterization,
19 isolates with distinct morphological features were selected for PCR amplification with
universal primers for the 16S rRNA gene of bacteria and the 26S rRNA gene of yeast (Figure
1). The results for the 19 isolates under study confirmed that they are members of these two
taxonomic groups (Figure 2). The amplification was positive for all 12 strains of bacteria and
for six of the seven yeast isolates (Figure 2). Interestingly, the results for yeast amplification
revealed the presence of two bands around the expected size (~650 bp) but differing slightly.
Only the larger fragment was observed for three isolates, only the smaller for two isolates, and
both fragment sizes at the same time for one of the isolates (Figure 2B).

The use of microorganisms in biotechnology relies on the knowledge of their growth
pattern in liquid medium, considering the cost/benefit ratio for large-scale production, especially
in liquid fermentation. Aiming at further studies, a preliminary analysis of the growth profiles
in culture for the 19 isolates under study (data not shown) allowed the selection of five (three
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bacteria and two yeasts) that showed distinct growth patterns. Statistically significant differences
among mean OD values at 600 nm, per time point for each isolate, were used as an indicator of
those moments when there were significant increases in growth rates for each culture (inflection
points on the respective curves; Table 1). The A1 and E2 strains reached log phase during the first
24 to 48 h of growth, showing more rapid adaptation responses in culture medium containing
crude glycerol. However, their optical density values at later times showed stabilization at lower
levels of cell biomass. In contrast, H1 and C isolates took a longer time to reach the exponential
phase of growth (between 72 and 96 h), but the final cell biomass in each culture was higher.
Finally, the H2 strain showed two moments of inflection in its growth curve (Table 1).

Kb 16S rDNA Kb 26S rDNA

1.5, o

N e aahe

Figure 2. Characterization by PCR of 19 microbial isolates cultivated in vitro on medium containing 10% (v/v)
crude glycerol. Electrophoresis on 1% agarose gel. Amplification results for bacterial 16S rDNA (A) and yeast 26S
rDNA (B) universal primers. Expected molecular weights for the respective fragments are indicated by arrows.

Table 1. Growth curve of five isolates cultivated in vitro on medium containing 10% crude glycerol as sole
carbon source.

Isolate! OD at 600 nm?

Oh 24h 48 h 72h 96 h 120 h 144 h 168 h
C 0.0 0.18 0.25 0.23¢ 0.82° 0.95 1.02 0.93
H1 0.0 0.09 0.13 0.12¢ 0.80° 1.01 1.20 0.96
H2 0.0° 0.42° 0.34 0.33° 0.55¢ 0.76 0.79 0.74
Al 0.0° 0.34> 0.55 0.47 0.43 0.51 0.58 0.52
E2 0.0 0.17¢ 0.36° 0.34 0.37 0.42 0.45 0.37
CV (%) 14.95

Tsolates C, H1, and H2 = bacteria; Al and E2 = yeast. *Values in each row followed by different letters are
statistically different, according to the Scott-Knott test (P < 0.05), indicating points of the curve where steeper
growth was observed. Values before and after those with significance letters were not statistically different from
previous and subsequent ones (letters were removed for clarity).

rRNA sequences obtained from these five microorganisms were compared with other
sequences in the NCBI database using the BlastN program. To define the taxon corresponding
to our isolates, the highest scores in the output table of aligned sequences were considered
priority for the identification, when the other parameters showed the same value among ac-
cessions. With this criterion, all five sequences allowed the identification of our isolates to the
species level, showing a percentage of identity >94% and a sequence coverage >98% (Table
2). Interestingly, the fragment amplified and sequenced for the H1 strain, which was identified
as Pseudomonas citronellolis, showed 18 extra nucleotides along the region of coverage (477
bases from a total of 479 - Table 2) compared to the sequences in the database that aligned
with it (data not shown).
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Table 2. Identification of the five microorganisms isolated in vitro on medium supplemented with 10% crude
glycerol.

Isolate Query size (bp)!  Query coverage (%) Nucleotide identity (%)? Taxon Accession No.?
Bacteria
C 353 99 96 Staphylococcus arlettae JX188021
H1 479 99 94 Pseudomonas citronellolis AB021396
H2 618 98 99 Bacillus megaterium IN845569
Yeast
Al 357 99 99 Trichosporon moniliiforme GQ367302
E2 542 100 100 Meyerozyma guilliermondii IN391347

'All amplicons were sequenced at both forward and reverse orientations; the query fragments presented correspond
to the longest sequence of the two (fivd for isolates C and A1; rev for H1, H2, and E2). 2E-values were equal to zero
for H1, H2, and E2; to 2e-166 for C, and to 1e-179 for A1. 3Accession No. corresponds to the descriptive sequences
of the taxa indicated in the previous column.

DISCUSSION

Considering the overall characteristics of the anthropic activity of biodiesel pro-
duction, large amounts of crude glycerol are generated as waste in this process (Johnson
and Taconi, 2007; da Silva et al., 2009). The biotechnological use of microorganisms ca-
pable of biodegrading/bioconverting this residue has been the major approach proposed for
handling this issue in an economic and environment-friendly manner (Pagliaro et al., 2007,
Dobson et al., 2012). The identification of new microbe strains with advantageous features
in metabolizing crude glycerol is a requirement, and the tendency in studies of this nature is
to seek novel isolates exactly in those environments enriched with the same target substrate
(e.g., Maciel et al., 2007; Franciscon et al., 2009). In the present work, we sought an alter-
native approach for the identification and isolation of microbial activity for consumption of
crude glycerol, which was based upon an expectedly large functional biodiversity of soils
from the Atlantic Rainforest.

Increased biological activity in soil microcosms enriched with 8% crude glycerol
(Figure 1) suggests that there was microbial growth in the Atlantic Rainforest soil. The crude
glycerol, even being exogenous to this habitat and containing various other compounds from
the oil transesterification process for biodiesel production (Johnson and Taconi, 2007), seems
to have been used as carbon source for microbial metabolism. The oscillations observed in
the CO, emissions over the experimental period may have represented the temporal variation
of metabolic adjustments likely required for the microbial bioconversion of crude glycerol.
Such behavior may have been due to the fact that, in general, microbial consortia are related
to the degradation of exogenous or xenobiotic substances, in which each microorganism
performs distinct but synergistic enzymatic activities in a given environmental condition
(Gallego et al., 2007). The hypothesis that the consumption of crude glycerol occurs by pre-
existing microorganisms in Atlantic Rainforest soil is further supported by the observation
that, in the control treatment (only with mineral medium added), only a basal production of
CO, was noticed until the 55th day of analysis, with a sharp decline thereafter. This suggests
just a minimal biological activity, due to the absence of a carbon source. These data indicate,
therefore, that the existing biodiversity of the Atlantic Rainforest soil can be exploited bio-
technologically in the biodiesel production context, if crude glycerol-converting microbes
can be isolated and cultured in vitro.
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On the basis of these results, we attempted to isolate microorganisms in vitro, from
culture medium containing crude glycerol as the carbon source. Such a simple approach
indeed allowed the isolation of microbes from Atlantic Rainforest soil with distinct morpho-
logical characteristics. This indicated the existence of in vitro-cultivable bacteria and yeasts
in this ecosystem, which thereby may have the potential for biotechnological applications in
the degradation of residues from biodiesel production. A simple visual inspection and selec-
tion of morphologically distinct colonies were effective in capturing at least part of the mi-
crobial diversity of interest, demonstrating the potential to be a practical, relatively fast and
less expensive technique for screening environmental samples for given purposes. Confirma-
tion of the presence of bacteria and yeast among the isolates was relevant, since these are
two important groups from the biotechnological viewpoint (e.g., Papanikolaou et al., 2002;
Dharmadi et al., 2006). Interestingly, the presence of bands of slightly different sizes after
amplification with the universal primers for yeast (Figure 2) suggests that possible variants
of the species identified in databases, or even new species, may have been isolated in this
work. As discussed below, this possibility was strengthened by the results of alignment with
GenBank sequences (Table 2). Future research aiming at a detailed identification of these
isolates is certainly warranted.

A statistical analysis of the OD values at time points along a given growth curve was
effective to assess and detect differences between the behavior patterns of isolates cultivated
in crude glycerol-containing medium. A comparison of microbial growth suggests important
differences related to the respective metabolic behavior of these isolates in terms of bioconver-
sion of this residue. For example, while the A1 and E2 yeasts demonstrated earlier adaptation
to the medium, but with cellular biomass stabilizing at lower levels, the opposite occurred
with the two bacteria C and H1, whose adaptation in culture was delayed, but higher levels of
biomass were achieved (Table 1). Such an availability of different patterns of growth response
can be useful in different circumstances, mainly for the optimization of fermentation pro-
cesses to obtain products of biotechnological interest related to crude glycerol conversion. For
instance, in time-sensitive applications, when a rapid response to the substrate is a required
factor, Al and E2 yeasts are indicated. On the other hand, when a given technical application
requires higher biomass accumulation, C and H1 bacteria would be more appropriate.

The two inflections in the growth curve observed for H2 (Table 1) may indicate dif-
ferent forms of glycerol use, or the metabolism of other compounds existing in the residue.
The characteristics observed for the five growth profiles may also have been a consequence
of isolate-specific responses to the presence of other compounds in the crude glycerol, such
as sodium methoxide (a catalyst of the oil transesterification process) and some fatty acid and
alcohol residues (Thompson and He, 2006; Johnson and Taconi, 2007). These substances can
either serve as alternative carbon sources or activators/inhibitors of enzymes that are impor-
tant to the overall microbial metabolism. The implications of these residual components of
crude glycerol have been studied for some algal and bacterial species of biotechnological in-
terest (Chiu et al., 2006; Easterling et al., 2009; Liang et al., 2010). In this work, it is suggested
that the presence of these residues may also be related to the different patterns of growth and
biomass accumulation as a function of time for these microorganisms. The metabolic speci-
ficities found for the isolates of this study can be used individually or combined into microbial
consortia that can be applied in industry for the degradation of these wastes from the biodiesel
production (Gallego et al., 2007; Jensen, 2013).
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The microorganisms isolated and identified in this study provide a first glance at the
potential diversity that make up the soil microbiota of the Atlantic Rainforest. Considering
the domain bacteria, it was no surprise to find isolates of the Pseudomonas and Bacillus gen-
era, since their various species are widely recognized for metabolic versatility and ability to
withstand the most extreme environments, which is why they are found in so many different
ecosystems; furthermore, these bacterial genera are widely studied for a variety of anthro-
pogenic purposes (Raaijmakers et al., 2010). Some species of Pseudomonas, Bacillus and
Staphylococcus have been reported as being glycerol bioconverters (da Silva et al., 2009; Yang
et al., 2012), which may help explain their ability to handle contaminants in crude glycerol. In
this study, it is speculated that the H1 sequence that lined up with Pseudomonas citronellolis
(Table 2) may represent a variant of this species, or even a new species of this genus, because
the 18 extra nucleotides found within the alignment region were not identified in any of the
16S rRNA sequences deposited in GenBank thus far (data not shown). The H2 isolate aligned
strongly with an accession of Bacillus megaterium, described as a mostly aerobic spore-form-
ing bacterium, found in a wide variety of ecological niches and capable of growing in an ar-
ray of carbon sources, which has been used for more than 50 years in the protein-producing
industry (Vary et al., 2007). This species has been studied for industrial fermentation based
on crude glycerol from biodiesel production as the substrate (Posada et al., 2011). Finally,
Staphylococcus was another bacterial genus found in this study, which comprises not only
pathogenic species, but also various others described in different contexts, including those
that are glycerol degraders (Yang et al., 2012). The ability to degrade residues from the textile
industry made up of dyes containing an aromatic azo group has been recently reported for a
facultative aerobic isolate of the Staphylococcus arlettae species (Franciscon et al., 2009).
The ability of our S. arlettae C isolate to convert crude glycerol seems to be a new feature of
biotechnological interest for members of this species.

Yeasts are widely known for their diversity and variability and, hence, extensively studied
with regard to various biotechnological applications, including degradation of glycerol (da Silva
et al., 2009). Our yeast isolates aligned with maximal identity to accessions of Trichosporon
moniliiforme and Meyerozyma (ex Pichia) guilliermondii species (Table 2). T. moniliiforme has
been isolated from several soil and water samples, including mangrove sediments, showing
ability for bioremediation of xenobiotics (Luo et al., 2012). Antifungal activity of industrial
interest for the production of bread has been reported for strains of M. guilliermondii (Coda et
al., 2013), as well as biological control of fungal diseases during the post-harvest of important
agricultural crops (Janisiewicz and Korsten, 2002). We suggest that the yeast isolates from this
work may be further studied regarding the possibility of accumulating other characteristics of
biotechnological interest, beyond the observed consumption of crude glycerol.

In conclusion, this study demonstrated the feasibility of bioprospecting microorgan-
isms, capable of converting anthropically-generated compounds, within very biodiverse eco-
systems (such as Atlantic Rainforest soil) that has not had previous contact with the target sub-
strate in its biological history. Furthermore, it was shown that this procedure can be performed
using efficient and low-cost methods, such as Bartha respirometry, in vitro culture and analysis
of growth profiles by optical densities. Further characterization of these isolates is currently
underway for a more in-depth investigation of their potential for biotechnological use. We hope
the information and methodological scheme of this study are not only applicable to handling
crude glycerol residues from biodiesel production but also useful in similar bioprospecting or
bioremediating systems dealing with the processing of by-products from industrial activities.
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