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Abstract The use of microbial consortia to remove con-
taminants in industrial systems and in natural environments
could be an alternative to the use of unique strains of
microorganisms, since microbial consortia have greater
robustness to environmental fluctuations. However, it is
necessary to evaluate the relationship between the genetic
structure and functionality of the consortia. In this work,
the functional and structural stability over time of two
bacterial consortia (C5 and C6) with the potential to
remove CO, and H,S from biogas was evaluated. Both
consortia decreased the dissolved CO, by over 30% at the
end of the incubation period, but C5 presented shorter
removal kinetics (3.9 days) than C6 (6.4 days). Addition-
ally, a chemical oxidation of H,S could have occurred in
the microcosms. Moreover, both consortia presented a
stable genetic structure, measured by terminal restriction
fragment length polymorphism profiles of the 16S rRNA
gene, characterized by high homogeneity and prevalence of
the genus Rhodopseudomonas throughout the incubation
period, and an increasing abundance of Xanthobacter
during the exponential phase of the growth curve in C5,
which would account for the functionality of the consortia.
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Introduction

Biogas is a renewable energy source since CHy, obtained as
a gaseous product of anaerobic digestion from organic
matter, offers an economical attractive alternative to fossil
fuels (Weiland 2010). However, despite its attractiveness
in terms of generating heat and electricity, it requires a
treatment process prior to its use because in addition to
CH,, which determines the calorific value, it also contains
CO, and H,S, which are considered pollutants (Rycke-
bosch et al. 2011). In recent decades, biological methods
for removing these contaminants have been explored,
based primarily on the use of microorganisms either as
single strains or consortia to metabolize the pollutants from
biogas.

Among the reported single-strain strategies, bacterial
phototrophs which metabolize H,S, such as green sulfur
bacteria (Chlorobium sp.) (Cork et al. 1985; Henshaw and
Zhu 2001) or purple sulfur bacteria (Allochromatium sp.)
(Borkenstein and Fischer 2006), have been utilized; che-
molithotrophs, such as  Thiobacillus  sp. and
Acidithiobacillus sp. (Ramirez et al. 2009; Tang et al.
2009), have also been employed; and even Actinobacillus
succinogenes, which metabolizes CO, in the presence of
glucose (Gunnarsson et al. 2014), has been used. Archaea,
such as Methanobacterium thermoautotrophicum which
uses CO, and H, to produce CH, (Strevett et al. 1995), and
microalgae, such as Chlorella sp. which fixes CO,
(Demirbas 2011; Cuellar-Bermudez et al. 2015), have also
been utilized in such studies.

On the other hand, some studies have used bacterial
consortia that extract H,S from biogas using biofilters, in
these studies the predominant microorganisms were sulfur-
oxidizing bacteria such as Bosea thiooxidans and
Thiobacillus sp. (Garcia-Pefia et al. 2012), Bacillus,
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Pseudomonas and Xanthomonadaceae (Omri et al. 2011)
and Xanthomonadaceae and Hydrogenophilaceae (Chouari
et al. 2015). In other studies, the transformation of CO, to
CH, was favored by methanogens present in sludge,
increasing the proportion of CH, while simultaneously
decreasing the proportion of CO, in the gaseous product of
the system (Alimahmoodi and Mulligan 2008). More
recently, the use of a consortium of bacteria and algae to
remove both CO, and H,S from biogas has been reported
(Sun et al. 2016).

When consortia are used, the members of the consor-
tium interact, with each performing specific functions that
contribute to the overall functionality of the system. An
essential aspect that characterizes these types of microbial
relationships is that they have greater robustness against
environmental fluctuations when compared to populations
formed by only one type of organism (Brenner et al. 2008).
Control and regulation of pollutant removal depend on the
type and activity of the main bacterial populations, as they
determine the behavior of the process. However, it is
necessary to understand the relationship between the
genetic structure and dynamics of microorganisms which
provide the consortia’s physiological properties in order to
establish the conditions necessary for the removal of con-
taminants from biogas (Maestre et al. 2009).

Previously, two bacterial consortia with the potential to
remove CO, and H,S from biogas in microaerophilic
conditions (C5 and C6) were selected from the leachate of
a sanitary landfill (Quiroz 2014). These leachates were
drawn from six of the sanitary landfill’s wells, constituting
six inocula, which were grown separately and subjected to
a selection process, through which the two bacterial con-
sortia evaluated in the present work were obtained. The
composition of the bacterial consortia selected was deter-
mined using clone libraries of the 16S ribosomal RNA
gene. The clone libraries showed that Rhodopseudomonas
dominated in both consortia, and in one of them (C5),
members of the genus Xhantobacter were also found in
high proportion (Quiroz 2014). In the present work, the
structural and functional stability of these two bacterial
consortia, which have the potential to remove CO, and H,S
from biogas in microaerophilic conditions, was evaluated
at the Microbial Ecology Laboratory of the Universidad de
Chile during the year 2013.

Materials and methods
Sample source
Bacterial consortia C5 and C6 were selected from leachate

samples obtained at a sanitary landfill, located in the San
Bernardo County in the Metropolitan Region of Santiago
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(Quiroz 2014). Consortia C5 and C6 were incubated, in
triplicate, in serological bottles of 100 ml with aluminum
seals and rubber stoppers, at 25 °C for 13 days with con-
tinuous illumination from 25-W incandescent lamps in
microaerophilic conditions (the atmosphere of the biogas).
The initial biogas composition (v/v) was: 76% CHy, 24.5%
CO3, 0.05% H,S and 0.3% O,. Physicochemical variables
and T-RFLP profiles were determined from eight samples,
taken on days 1, 2, 4, 5, 6, 7, 10 and 13 of the incubation
period. Bacterial growth was initiated by adding 6 ml of
standardized inoculum (ODggopm = 0.45) to 60 ml of
medium 2.0 consisting of 0.2 mM MgSO,-7 H,0, 0.1 mM
CaCl,-2 H,0, 0.02 mM NaEDTA, 10 mM NH,CI, 1.5 mg/
1 FeSO,4-7H,0, 5 mM potassium phosphate buffer, 1 ml/l
of a micronutrient solution, and 1 ml/l of a vitamin stock
solution (Kamp et al. 2006) plus 10 mM of sodium acetate
and 50 pg/l of vitamin B12. As in the selection stage of
these consortia, differences in the measured variables were
detected in the aqueous phase (Quiroz 2014); then, the
stability measurements were performed on the culture
medium during this stage.

Functionality of the consortia

First, a growth curve for each consortium was performed
by monitoring the total protein concentration (Proteins)
using the Bradford colorimetric method (BIOQUANT®
Protein, Merck). In addition, photosynthetic biomass was
determined by measuring bacteriochlorophyll a (Bchlo a),
using the method proposed by Oelze (1985). Both deter-
minations were performed in triplicate. Subsequently, data
regarding the concentration of Proteins and Bchlo a over
time were adjusted using the modified Gompertz curve
(Zwietering et al. 1990), described by the equation:

y=A exp{—exp{%(l—t) + 1}}

where P = Proteins or Bchlo a (pg/ml) at time f,
A = maximum Proteins or Bchlo a (ng/ml), p,, = maxi-
mum specific growth rate ((ug/ml)/day), 4 = lag period
(days) and ¢ = time (days).

In addition, concentrations of dissolved CO,, sulfate and
pH in the culture medium were determined as described in
Quiroz (2014) while the concentration of sulfide was
determined by the selective ion method using a pH/Ion 510
OAKTON® analyzer (Clesceri et al. 1998).

In order to compare the curves describing the kinetics of
CO, removal, first the removal rate of dissolved CO, was
calculated with the experimental data obtained from dis-
solved CO, for each consortium (C5 and C6) and for the
control without inoculum according to the following
expression:

TR = (((Cc - Cm)/CC) * ]OO)
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where TR = rate of accumulated dissolved CO, (%) over
time, C. = concentration of dissolved CO, (ppm) in the
control without inoculum at time ¢ and C,, = concentration
of dissolved CO, (ppm) in a consortium at time 7.

Finally, the percentage changes in the CO, concentra-
tion were adjusted to a hyperbolic function:

RCO; = ((Buax *1)/(Ka + 1))

where Rco, = removal of accumulated CO, (%),
Bax = maximum CO, (%) consumed by each consortium,
K, = constant representing the time required to reach half
of B.x and ¢ = time (days).

Genetic structure of the consortia

The genetic structure of the consortia was determined by
T-RFLP profiles of the gene encoding the 16S ribosomal
RNA (16S rRNA). For this, the cell pellet was obtained
by centrifuging (13,000 rpm for 5 min) and the DNA was
purified from the samples using the “Ultra Clean DNA”
kit (MoBio Lab, Inc). Purified DNA was used to amplify
through PCR the gene 16S rRNA using universal primers
fD1  (5-AGAGTTTGATCCTGGCTCAG-3), fluores-
cently labeled with FAM (6-carboxyfluorescein) and rP2
(5-ACGGCTACCTTGTTACGACTT-3') (Weisburg
et al. 1991). The reaction mixture (25 pl) contained
GoTaq® Green Master Mix (GoTaq® DNA polymerase in
1X Green GoTaq® reaction buffer (pH 8.5), 200 uM of
each dNTP and 1.5 mM MgCl,) (Promega) and 10 uM of
each primer. The amplification program consisted of an
initial denaturation at 94 °C for 3 min, followed by 30
cycles with a denaturation at 94 °C for 1 min,
hybridization at 57 °C for 30 s and elongation at 72 °C
for 2 min; the final extension occurred at 72 °C for 7 min.
The amplicons of the 16S rRNA gene of approximately
1500 bp were analyzed in 1.2% agarose gels dyed with
GelRed™.

The amplicon mixtures were digested with 30 units of
the restriction enzyme Alul (Fermentas) for 12 h at 37 °C,
as recommended by the manufacturer. The enzyme was
inactivated at 65 °C for 20 min, and the digested fragments
were purified by alcohol precipitation. The fragments were
separated by electrophoresis with an ABI3730XL Genetic
Analyzer (Applied Biosystems; Macrogen Inc., Korea).
The length of the fluorescently labeled terminal restriction
fragments (T-RFs) was determined by comparison with
internal standards using the GeneScan 3.71 software (Ap-
plied Biosystems). An electropherogram (T-RFLP profile)
was generated for each consortium at the different incu-
bation times, where the number of T-RFs of each sample
(richness) and the fluorescence of each T-RF (abundance)
were determined.

The peaks with a fluorescence of 30 U and larger than
50 bp were analyzed by peak height. Patterns from dif-
ferent samples were normalized to identical total fluores-
cence units by an iterative standardization procedure
(Dunbar et al. 2001). In addition, manual alignment of
T-RF profiles was necessary to prevent misidentification of
the T-RFs due to biases of electrophoresis. Then, the rel-
ative abundance of T-RFs as a percentage was determined
by calculating the ratio between the height of a given peak
and the normalized total peak height of each sample.

In addition, in order to compare the obtained T-RFs with
the bacteria identity detected in each consortium, the
sequences of the clones obtained by Quiroz (2014) from
consortia C5 and C6 were digested in silico with the
enzyme Alul.

Experimental design and statistical analyses

The experimental design consisted of a CRD (completely
randomized design) with two treatments corresponding to
consortia C5 and C6 with three repetitions. The experi-
mental units were composed of serological 100-ml bottles.

In order to compare the growth curves between con-
sortia, measured as Proteins or Bchlo a over time,
parameters A (maximum Proteins or Bchlo a), u,, (maxi-
mum specific growth rate) and A (lag period) were com-
pared using ANOVA (p < 0.05) and a Tukey posttest
(p < 0.05). Similarly, for comparing the curves describing
the kinetics of CO, removal from both consortia, parame-
ters Bnax (maximum removal potential) and K; (removal
kinetic constant) were analyzed by ANOVA (p < 0.05)
and a Tukey posttest. Finally, to determine variations in the
concentration of the dissolved CO, at the beginning and
end of the incubation period, a ¢ test for dependent samples
was performed for each consortium and for the control
without inoculum (p < 0.05). Statistical analyses were
performed with Origin 8 software (OriginLab
Corporation).

Results and discussion
Functionality of the consortia C5 and C6

In order to evaluate the performance of the consortia during
their growth, stability was evaluated by studying some of
their physiological properties and their genetic structure.
However, since differences in the measured variables were
found in the aqueous phase during the selection stage of
these consortia (Quiroz 2014), stability measurements were
performed on the culture medium during this stage.
Growth curves of the consortia (C5 and C6), measured
as Protein or Bchlo a concentrations over time, are shown
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Fig. 1 Growth curves measured as total proteins (Proteins; upper
panel) or bacteriochlorophyll a (Bchlo a; lower panel) throughout
incubation. Bars indicate standard deviation. Consortia: C5, consor-
tium 5; C6, consortium 6; control: culture without inoculum

in Fig. 1. Protein values of the consortia ranged from
13.1 pg/ml on day 1 to 197.1 pg/ml on day 6, starting the
exponential phase on day 3 and reaching maximum growth
on day 6 of incubation. In the case of photosynthetic bio-
mass, values of Bchlo a ranged from O pg/ml on day 1 to
2.3 pg/ml on day 7, with the exponential phase initiating
on day 3 and reaching the maximum growth on day 7 for
C5 and day 6 for C6.

Furthermore, experimental data regarding Protein and
Bchlo a concentrations were adjusted using the modified
Gompertz curve (Table 1). When evaluating the parame-
ters of the curves based on the measurement of the Protein
concentration, significant differences were found in the
maximum growth rate (i,,), which was significantly lower
in C5 than in C6. A similar situation was observed when
growth was measured as the photosynthetic biomass (Bchlo
a concentration) (Table 1). These results, together with
those obtained in the gene libraries of C5 and C6 and the
detection of the molecular marker PufM (Quiroz 2014),
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indicate that the functionality of these consortia could be
determined primarily by the activity of bacteria that per-
form photosynthesis.

In both consortia, an increase in the culture medium’s
CO, consumption coincided with the exponential phase of
the growth curve, which is reflected in the decrease in
dissolved CO, between days 3 and 6 compared to the
control without inoculum (Fig. 2). However, a lower con-
centration of dissolved CO, was observed on day 10.
Moreover, the results of dissolved CO, determined during
the stationary phase could be considered as an indicator of
consortia stability (Fig. 2), since a sustained decrease was
observed in both consortia, especially compared to the
control without inoculum. This is consistent with the non-
detection of heterotrophic bacteria activity generating CO,,
which could have led to an increase in its concentration in
the culture medium.

The concentration of dissolved CO, decreased by
(» <0.05) 34.7% in C5 and 32.5% in C6 at the end of the
incubation period; however, in the control without inocu-
lum no significant variation was detected (p > 0.05)
(Table 2). This suggests that the reduction in dissolved
CO; in the consortia at the end of the incubation period was
most likely due to the consumption of CO, by the bacterial
biomass constituting the consortia, which is consistent with
the increase in the bacterial biomass during the exponential
phase of the growth curve. Additionally, it should be
considered that before bubbling biogas in the culture
medium, no dissolved CO, was detected; therefore, the
CO, detected in the control without inoculum would have
come only from the biogas. Thus, the greatest concentra-
tion of CO, in the control suggests that CO, from biogas
was dissolved in the culture medium and accumulated as
dissolved CO, (Fig. 2).

During the incubation period, the pH of both consortia
remained in the neutral range between 6.3 and 7.0 (Fig. 3),
showing a slight decrease during the first 3 days, which
coincides with the lag phase of the growth curve where
COy(, was dissolved in the culture medium as COy,q, and
was then dissociated, lowering the pH. Afterward, a slight
increase was observed until day 7, a period that coincides
approximately with the exponential phase of the growth
curve where an increase in photosynthetic biomass and a
decrease in the concentration of dissolved CO, were evi-
denced. Finally, pH was relatively constant until the end of
the incubation period. In the case of the control without
inoculum, pH decreased at the start of incubation until day
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Table 1 Kinetic parameters (4, Growth measurement Consortia A (pg/ml) Ly, ((Lg/ml)/day) A (days) R?

U, and 7) obtained by adjusting

growth measurements to the Proteins C5 156.9a 96.2b 2.9a 0.86204

modified Gompertz curve (ug/ml) c6 156.5a 135.1a 2.9a 0.82531
Bchlo a Cs5 2.27a 0.93b 3.0a 0.97342
(ng/ml) C6 2.09a 1.35a 3.0a 0.98752

Different lowercase letters, arranged vertically, indicate significant differences (p < 0.05) between con-
sortia for each type of growth measurement (total proteins: Proteins; or bacteriochlorophyll a: Bchlo a)
according to ANOVA and Tukey posttest (p < 0.05). A: maximum concentration of Proteins or Bchlo a,
1,,: maximum specific growth rate and A: lag phase. R correlation coefficient. Consortia: C5, consortium

5; C6, consortium 6
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Fig. 2 Kinetic results of dissolved CO, (,q) consumption throughout
incubation. Bars indicate standard deviation. Consortia: C5, consor-
tium 5; C6, consortium 6; Control: culture without inoculum

Table 2 Dissolved CO, (ppm) measurements at the initial and final
states for each consortium in an incubation period of 13 days

Consortia  Dissolved CO, (ppm) Statistic

Initial Final
C5 140.5 + 0.7 91.8 £ 0.1 (r=97.30; p = 0.007)
Cc6 140.5 + 0.7 949 + 44 (t=17.70; p = 0.036)
Control 1413 £ 12 1545+59 (r=-2.67;p=0.228)

Average =+ standard deviations of three measurements are shown.
Values ¢ and p are given according to the ¢ test for dependent samples
calculated for each row. Consortia: C5, consortium 5; C6, consortium
6; Control: culture without inoculum

3, after which it remained largely unchanged with values
close to 6.3.

The maximum removal of dissolved CO, was achieved
in both consortia on day 10 of the incubation period
(Fig. 4). Subsequently, these data were fitted using a
hyperbolic curve, and the values of parameters B, and K,

8.0
- C5
7.5 - = C6
T -+ Control

L 707 .
o

6.5

6.0

56 . 7+ +— —

days

Fig. 3 pH values measured throughout incubation. Bars indicate
standard deviation. Consortia: C5, consortium 5; C6, consortium 6;
Control: culture without inoculum

50 -
- C5
40 - = C6
30 -

20 A

10 -

Accumulated CO, removal (%)

days

Fig. 4 Kinetics of removal of CO, throughout incubation. Bars
indicate standard deviation. Consortia: C5, consortium 5; C6,
consortium 6

from the adjusted curves for each consortium are shown in

Table 3. Significant differences (p < 0.05) between the
consortia for both parameters were detected. C6 presented

Y
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Table 3 Parameters (B,,,x and K,;) obtained by adjusting accumu-
lated CO, removal percentages to a hyperbolic curve

Consortia Bax (%) K, (days) R?
C5 53.6¢c 3.9b 0.9573
Cc6 68.6a 6.4a 0.9522

Different lowercase letters, arranged vertically, indicate significant
differences (p < 0.05) between consortia for each parameter
according to ANOVA and Tukey posttest (p < 0.05). Bp.x: maxi-
mum percentage of CO, removed by a consortium, K;: constant
representing the time required to reach half of B .. R*: correlation
coefficient. Consortia: C5, consortium 5; C6, consortium 6

40 -
35 1
30 A
25 +
20
15
10

- C5
= C6
-+ Control

S0, (ppm)

0o 1 3 4 5 6 7 10 13
days

Fig. 5 Sulfate concentration curve throughout incubation. Bars
indicate standard deviation. Consortia: C5, consortium 5; C6,
consortium 6; Control: culture without inoculum

a significantly higher (p < 0.05) maximum CO, removal
potential (B, ) than C5, but C5 presented a significantly
higher (p < 0.05) removal kinetic constant (K,;) than C6,
reaching its maximum removal potential in less time.
Therefore, C6 could be used in biogas atmospheres with
high concentrations of dissolved CO,, and C5 could be
used when a decrease in the time required to reduce the
CO, concentration is desirable.

Sulfide was not detected in the culture medium during
the incubation period. However, in both consortia the sul-
fate concentration increased during the first 24 h (Fig. 5),
which could represent an intracellular accumulation of an
intermediary from the oxidation of thiosulfate, followed by
oxidation to sulfate (Rolls and Lindstrom 1967). Subse-
quently, the sulfate concentration decreased in the
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Fig. 6 Relative frequencies of the terminal restriction fragments (T-
RFs) of the consortia C5 (upper panel) and C6 (lower panel)
throughout incubation. I5 and 16: inoculum of the consortia C5 and
C6, respectively. Different numbers in the legend represent the
lengths in base pairs of the T-RFs

exponential phase, suggesting sulfate consumption by the
biomass (Imhoff 2006; Wiegel 2006). In C6, the sulfate
concentration increased between days 8 and 10, and during
that same period the sulfate concentration decreased in C5,
becoming even lower than in the control without inoculum.
These results suggest that part of the biomass contained by
that consortium could metabolize more sulfate than C6,
due to differences in the bacterial composition of each
consortium. Afterward, values close to the sulfate con-
centration of the control without inoculum were obtained in
both consortia, which did not significantly vary during the
incubation period. From these monitoring results, it is not
possible to confirm the biological oxidation of thiosulfate
as proposed in the consortia selection step, which consid-
ered a previous chemical oxidation of H,S from biogas into
thiosulfate (Quiroz 2014).



Int. J. Environ. Sci. Technol. (2018) 15:649-658

655

Genetic structure of the consortia C5 and C6

In order to evaluate the stability of the consortia at different
sampling times, genetic structure was determined by
T-RFLP profiles of the gene coding 16S rRNA. Similarly,
the T-RFLP profiles of the inocula of each consortia were
determined (Fig. 6). Finally, the identity of each T-RF was
inferred by determining potential T-RFs of each bacterial
genera previously detected in the gene libraries of these
consortia (Quiroz 2014).

In the inoculum of C5 (I5), 87.2% of the T-RFs were
related to the genus Rhodopseudomonas, while the genera
Xanthobacter and Castellaniella constituted 12.9% of the
remaining T-RFs. However, in the inoculum of C6 (16) the
four T-RFs  obtained were  associated  with
Rhodopseudomonas.

These results show that in the T-RFLP profiles of
inocula, fewer genera were found than when compared
with those identified in the libraries of each consortium
(Quiroz 2014), which could be explained by the elimina-
tion of T-RFs which were only slightly represented in the
sample (low fluorescence) during the standardization of the
method because they were in the discrimination limit of the
technique (Dunbar et al. 1999; Schiitte et al. 2008). The
case of C6 is representative of the genera Sphingobium and
Xanthobacter and the family Alcaligenaceae.

The T-RFLP profiles of the consortia over time showed
that in both cases they have a stable genetic structure,
characterized by high homogeneity during the incubation
period (Fig. 6), especially the detection of a predominant
T-RF (201-209) associated with Rhodopseudomonas. This
homogeneity is due to both the enrichment of the culture
from which the consortia were obtained and the metabolic
versatility of Rhodopseudomonas (Larimer et al. 2004;
Carlozzi et al. 2006; Karpinets et al. 2009). Therefore,
Rhodopseudomonas, which belongs to a genus of purple
non-sulfur photosynthetic bacteria with a clear dominance
during the incubation period, could account for the physi-
ological properties of the consortia.

Since bacteria of the genus Rhodopseudomonas have
presented high metabolic versatility in terms of the sources
of carbon and energy they can use (Larimer et al. 2004),
under the consortia culture conditions (microaerophilic and
photosynthetic) it is expected that they use CO, as a carbon
source and acetate as an electron donor, as reported by

Butow and Bergstein-Ben Dan (1991) in similar experi-
mental conditions to those in this study. This is consistent
with the diminution of CO, observed in the exponential
phase of the growth curves.

Additionally, in C5, the appearance of T-RF 213-216
was observed on days 3, 4, 5 and 10 of incubation, which
reduced its relative abundance with increasing incubation
time and is associated with Xanthobacter. Therefore,
Rhodopseudomonas predominated in C5 during the
13-day incubation period, but on days 3, 4 and 5, coin-
ciding with the exponential growth phase, Xanthobacter
was detected and also reappeared in a low percentage on
day 10 of the incubation period. Changes in the abun-
dance of T-RF 242-250, which is associated with the
phylum Bacteroidetes, were also observed during the
stationary phase.

According to the aforementioned observations, bacteria
of the genus Xanthobacter could contribute to the CO,
consumption capacity, which were detected in 24.5% in the
C5 library (Quiroz 2014) and in the T-RFLP profiles during
the exponential phase of the growth curve. Representatives
of the genus Xanthobacter have an autotrophic metabolism,
fixing CO, and using various sources of energy (Meijer
et al. 1990; Padden et al. 1998). Furthermore, they could
have a heterotrophic growth (Meijer et al. 1990), or even a
mixotrophic growth, using acetic acid and other organic
compounds as carbon sources (Padden et al. 1998).

On the other hand, Bacteroidetes is a bacterial phylum
that is poorly represented in the libraries of C5 and C6, but
did show an increasing abundance in the T-RFLP profiles
of C5 in the stationary phase of the growth curve. The
representatives of this phylum have a flexible metabolism
that allows them to colonize aerobic, microaerophilic and
anaerobic environments. These bacteria have been descri-
bed as related to the degradation of organic matter (Thomas
et al. 2011) and to monosaccharides as glucose (Ito et al.
2012) which, when fermented, produce fatty acids such as
propionate, succinate and acetate. Members of this phylum
need high concentrations of CO, either because they must
fix it, or because under these conditions they compete more
successfully for resources (Fischbach and Sonnenburg
2011). Therefore, depending on the genus of Bacteroidetes
present in the consortium, it could contribute to CO, fix-
ation or could generate fatty acids by fermentation that
may in turn be metabolized by Rhodopseudomonas,
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helping to maintain the functionality of the consortium
over time.

Generally, a microbial community constituted by spe-
cies or functional groups capable of a differential response
can maintain or increase their stability over time; con-
versely, specialized communities with few dominant
microbial species might be more fragile and require longer
recovery times (McCann 2000).

In the case of the consortia studied here, the existence of
a dominant bacterial type over time could theoretically
suggest the establishment of a highly unstable system.
However, the metabolic versatility of Rhodopseudomonas
could explain their rapid acclimation to abiotic changes
during the incubation period, reflected in the dominant
T-RFs (202-209; 222-225; and 231-239) associated with
this bacterial genus, which also further explains the
homogeneity found in the structure of the consortia,
especially in C6. Further studies are necessary in order to
evaluate the behavior of the consortia under modified
incubation conditions, by increasing, for instance, the
acetate concentration in the culture medium and/or by
increasing the partial pressure of CO, in the biogas input
by increasing the total pressure of biogas, which would
increase the solubility of CO, and its availability for bac-
terial consortium. This situation was reported by Gun-
narsson et al. (2014), who by increasing the total pressure
of biogas from 101.3 kPa to 140 kPa (equivalent to a CO,
partial pressure of 56 kPa) increased the rate of con-
sumption of CO, by Actinobacillus succinogenes 130Z,
thereby decreasing CO, in the exit gas as well as increasing
the proportion of CHy, by decreasing the proportion of CO,
in the gas. Thus, it seeks to promote the reduction of CO,
dissolved in the aqueous phase and the CO, in the gas
phase at the end of the incubation period.

Finally, according to the results of this study, it is yet
unclear whether dissolved sulfide in the culture medium is
metabolized directly by the main members of the consortia.
However, the advantage of using microaerophilic culture
media, as in the case of this study, is that it allows for the
use of a type of biogas with a higher concentration of H,S
(e.g., from wastewater), since this would be chemically
oxidized by the oxygen present in the culture medium,
reducing its concentration to levels tolerated by purple non-
sulfur bacteria such as Rhodopseudomonas (0.5 mM)
(Imhoff 2006). Gonzalez-Sanchez and Revah (2007) found
that a chemoautotrophic consortium grew on intermediate
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concentrations of sulfide oxidation, six times higher than
the inhibitory sulfide concentration for that consortium
(1.19 mM), allowing higher sulfide loading rates. This
would be a way to compensate for the greater sulfide tol-
erance present in green sulfur bacteria (4 mM) (Overmann
and Schubert 2002) and purple sulfur bacteria (2 mM)
when grown in strictly anaerobic conditions (Zehnder
1988; Borkenstein and Fischer 2006), and studied for this
purpose (Cork et al. 1985; Syed and Henshaw 2003;
Borkenstein and Fischer 2006).

Conclusion

Rhodopseudomonas, a genus of purple non-sulfur photo-
synthetic bacteria, had a clear dominance during the incu-
bation period of the consortia and could account for their
physiological properties. The presence of a dominant bac-
terial type in consortia could result in a highly unsta-
ble system; however, the metabolic versatility of
Rhodopseudomonas allowed it to respond to abiotic chan-
ges during the incubation period. Both consortia had a
stable genetic structure over time, characterized by a high
homogeneity during the incubation period. This homo-
geneity could be due to both the enrichment of the culture
from which the consortia were obtained and the metabolic
versatility of Rhodopseudomonas.
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