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Abstract- Two bacteria were isolated from anoxic denitrifying
reactor for treatment of domestic wastewater. The analysis of the
16S rDNA gene sequences showed that the isolated strains were
affiliated with Bacillus cereus and Bacillus tequilensis.
Denitrification was compared between Bacillus cereus and
Bacillus tequilensis in this study. Two bacilli were able to
denitrify and Bacillus cereus was more efficient than Bacillus
tequilensis. Bacillus cereus reduced 80% of high amount of
nitrate; however, Bacillus tequilensis could reduce 37.4% of
nitrate. These heterotrophic bacteria are able to eliminate organic
matter with the same trend reducing 74.5% for Bacillus
tequilensis and 70.2% for Bacillus cereus.
Index Terms- Denitrification,
tequilensis, 16S rRNA gene.
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I. INTRODUCTION
is a respiratory process that couples electron
Denitrification
transport phosphorylation with sequential reduction of nitrate
to nitrogen through the intermediates nitrite, nitric oxide, and
nitrous oxide (Delong et al. 2013). Biological denitriﬁcation is
normally conducted by facultative anaerobes which are in
essential need for some food and energy sources which are
organic or inorganic (Cast and Flora, 1998; Rijn et al., 2006).
This fact classiﬁes denitriﬁers into two main groups of
heterotrophs and autotrophs. Heterotrophic denitrifiers use
various organic carbons, such as methanol, acetate, or glucose
that can serve as electron donors and carbon sources for growth.
The beneficial aspects of denitrification include control or
bioremediation of NO3- contaminated waters, which can cause
eutrophication. However, nitrate has also been linked to stomach,
cancer (Yang et al., 2007; Bouchard et al., 1992), and blue baby
syndrome (Comly 1987). Denitrifiers may play an important part
in the breakdown of various hydrocarbon compounds. Thus,
biological denitrification constitutes an important way to reduce
nitrogen oxides and organic matter in environment.
Mostly Bacteria, and a few Archaea, constitute the vast majority
of organisms capable of denitriﬁcation. A number of fungal
isolates carry out reduction of nitrate to N2O, but the contribution
of this reduction to cell growth is variable (Kim et al., 2009;
Nakanishi et al., 2010). Some multicellular eukaryotes carry out
denitrification (Risgaard-Petersen et al. 2006). Inspite of the fact
that several Gram-positive bacteria are denitriﬁers (Zumft, 1997;
Manachini et al., 2000; Suharti & de Vries, 2005), the basics on
denitriﬁcation within this group are understudied and they are

notoriously overlooked in community analysis of denitriﬁers in
the environment because they are not targeted by the available
PCR primers designed for denitriﬁcation genes (Throbäck et al.,
2004). Verbaendert et al. (2011) have studied the denitriﬁcation
of a large collection of Bacillus strains and suggested that
denitriﬁcation occurred in nearly half of the analysed strains.
More recently, a variety of bacilli were tested for gas production
under denitrifying conditions and found to be complete
denitriﬁers (Jones et al., 2011). Genome sequencing has revealed
the potential for partial denitriﬁcation in some Bacillus species.
For example, qNor is present in Bacillus tusciae strain DSM2912
and some Bacillus licheniformis strains, but these are their only
denitriﬁcation enzymes (Delong et al. 2013).
In order to check the denitrification potential in anoxic
denitrifying reactor, we isolated two cultures and compared their
denitrification patterns to eliminate organic matter, reduction of
nitrates and nitrites. The isolates were Bacillus cereus and
Bacillus tequilensis, both isolated from biofilm of anoxic
denitrifying reactor. Bacillus cereus and Bacillus tequilensis are
known to be denitrifiers (Gaston et al., 2006; Verbaendert et al.,
2011).

II. MATERIALS AND METHODS
II.1. Identification of denitrifying strains
Isolates ADR1 and ADR2 were isolated from an anoxic
denitrifying reactor treatment of domestic wastewater on nitrate–
sucrose-agar (NSA) plates. Total DNA was extracted as
described by Pitcher et al. (1989). The isolates were identified by
molecular methods which consist to amplify the 16S rRNA gene
of the strains by PCR and to determine 16S rDNA sequence by
direct sequencing. The PCR amplification was performed with
the primers pA (AGAGTTTGATCCTGGCTCAG) and pH
(AAGGAGGTGATCCAGCCGCA) designed by Edwards et al.
(1989) and used by other (McLaughlin et al., 2002). PCR
ampliﬁcation conditions were 95°C for 5 min followed by 30
cycles of 95°C for 40 s, 55°C for 1min, and 72°C for 2 min and a
ﬁnal 10-min extension step at 72°C. Sequencing of the PCR
amplicon was done in ABI PRISM 3130XL Genetic Analyzer
(Applied Biosystems) using the POP-7 polymer and ABI PRISM
Genetic Analyzer Data Collection and ABI PRISM Genetic
Analyzer Sequencing Analysis software.16S rRNA gene was
compared with those available in EMBL database
(https://www.ebi.ac.uk/Tools/sss/ncbiblast/nucleotide.html)
using BlASTN. Reference and isolates sequences were aligned
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with SINA (Pruesse et al., 2012) and then imported in MEGA 5.1
(Tamura et al., 2011). Phylogenetic tree was constructed by
maximum likelihood.

II.2. Denitrification studies of the isolates
Denitrification experiments were performed in the medium,
modified from Vossoughi et al. (1982), with the following
composition (per liter of distilled water): FeSO4·7H2O 0.002g,
CuSO4·5H20 0.02 g, ZnSO4·7H2O 0.02 g, MnSO4·H2O 0.12 g,
MgSO4 0.8 g, CaCl2·2H2O 0.04 g, K2HPO4 3.2 g, yeast extract
0.3g, KNO3 4.7g, sucrose 3g, at pH 7.5. The isolates were grown
in nutrient broth for 24 h and centrifuged at 10.000 rpm for 7
min. The cell pellet was washed twice with Nacl 0.9% and
resuspended in Nacl 0.9% with absorbance of 1.0 at 620 nm for
isolates and 25 ml of this was inoculated in 250 ml Erlenmeyer
flasks containing 250 ml of the medium. The flasks were
incubated at 30°C under static conditions up to 6 days by
sampling at an interval of every 24 h for estimating growth,
nitrate, nitrite and organic matter.
II.3. Analytical methods
Chemical oxygen demand (COD), nitrate and nitrite were
estimated according to the standard methods for the examination
of water and wastewater (APHA, 1995). Bacterial growth was
estimated by dry cell weight (DCW) measured by drying the
cells at 105 °C to constant weight for 12 hrs.
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III. RESULTS
III.1. Characterization of the isolates
The two cultures under study, ADR1 and ADR2, were isolated
from the anoxic denitrifying reactor for domestic wastewater
treatment in nitrate-sucrose-agar. The isolates were subjected to
16S rRNA gene sequence analysis. A species level match is
based on a similarity greater than or equal to 99% (Drancourt et
al., 2000).
Table I: Determination of denitrifying isolates by partial 16S
rRNA gene sequence similarity
Isolate ADR1
Isolate ADR2
Similar species
Bacillus cereus
Bacillus tequilensis
Accession No.
KF484678
JX315319
% Similarity
99
99
Isolate ADR1 was observed to be gram-positive bacilli, and
BLAST results of partial 16S rRNA gene showed 99% identity
with Bacillus cereus; Isolate ADR2 Gram-positive bacilli,
showed 99% similarity with Bacillus tequilensis with partial 16S
rRNA gene sequence (Table I). Phylogenetic positions of isolates
are shown in (Figure 1), where the isolates ADR1 and ADR2
clustered with Bacillus cereus and Bacillus tequilensis,
respectively.

Isolate ADR1
Bacillus cereus N24-2 (KF484678.1)
Bacillus cereus BS2 (KF478239.1)
Bacillus cereus ESB15 (KF381350.1)
90

Bacillus cereus YLB-P5 (KF376341.1)
Bacillus cereus ASB3 (KF364490.1)

100

Bacillus cereus K2-BCTE/2013 (KF048029.1)
Bacillus cereus KtRA5-113 (KF032684.1)
Bacillus cereus ATCC 27877 (Z84581.1)
Bacillus cereus ATCC 14893 (GQ911551.1)
Bacillus tequilensis 10b (HQ223107.1)
Isolate ADR2

99

Bacillus tequilensis SCSGAB0139 (JX315319.1)
Bacillus tequilensis SCSGAB0078 (JX315303.1)

65

Bacillus tequilensis SCSGAB0028 (JX315296.1)
Bacillus tequilensis km16 (JF411303.1)
Pseudomonas denitrificans (AB021419.1)

0.05

Figure 1: Phylogenetic tree constructed by neighbor-joining method showing position of the isolates with other related cultures.
Bootstrap analysis of 10000 resampling by maximum-likelihood method was used to reconstruct tree. Parenthesis contains the
accession number of the cultures. Pseudomonas denitrificans (AB021419) was used as an outgroup.
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III.2. Denitrification Pattern of the isolates
The nitrate reduction and nitrite accumulation of both isolates
were monitored in batch mode up to 6 days in 250-mL
Erlenmeyer flasks under static condition. Nitrate was reduced to
7.5 mM from 36.96 mM in 6 days by Bacillus cereus (80%).
Bacillus tequilensis could reduce nitrate from 36.96 mM to 23.14
mM (37.4%) (Figure 1a). The nitrate is reduced to nitrogenous
oxides by isolates that use nitrate instead of oxygen as electron
acceptors and organic matter as carbon and energy source. This
fact is confirmed in our results when the COD removal by
Bacillus cereus and Bacillus tequilensis followed the same trend
and organic matter decreased from 6040 mg/l to 1800 mg/l
(70.2%) by Bacillus cereus and from 6040 mg/l to 1540 mg/l
(74.5%) by Bacillus tequilensis (Figure 2d). The nitrites resulted
of the reduction of nitrate reached 294 mM for isolate ADR1 and
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then it decreased until 28.82 mM, however, the nitrites produced
by isolate ADR2 concentration reached 161.14 mM at the
beginning of the study and decreased until 2.76 mM (Figure 2b).
These results are in accordance with those of nitrate reduction.
We observed that Bacillus tequilensis is less efficient in nitrate
reduction and thus produced a little amount of nitrites. Despite
the facts that isolate ADR1 could denitrify more than isolate
ADR2. The growth of the second species is more important, this
result is showed in (Figure 2c) where the biomass expressed as
dry cell weight per liter in (DCW/l).

Figure 2: Denitrification pattern of the isolates ADR1 and ADR2. (a) nitrate consumption, (b) nitrite accumulation, (c) Growth, (d)
Organic matter (COD).
Bacillus cereus could transform benzene to phenol and benzoate,
and then used phenol and benzoate as carbon and energy source.
IV. DISCUSSION
Based on 16S rRNA gene sequencing isolates were affiliated Also, Zhao et al (2009) used the denitrifying Bacillus cereus to
with Firmicutes. The ability to denitrify has been identified in remove nitrogen and organic matter from reclaimed wastewater
taxonomically diverse bacteria, including members of the used as landscape water. Bacillus cereus is most likely involved
Aquificae, Deinococcus-Thermus, Firmicutes, Actinobacteria, in biogeochemical nutrient cycling, as it produces a wide range
Bacteroides, and Proteobacteria phyla (Zumft 1997). Isolate of extracellular enzymes and can grow on decaying organic
ADR1 was related to Bacillus cereus. Bacillus cereus is a matter (Borsodi et al. 2005). Bacillus tequilensis could reduce
heterotrophic bacterium able to degrade organic matter under nitrate to nitrogen, thus this species is a true denitrifier (Gatson et
nitrate reducing conditions. Dou et al. (2010) reported that al. 2006). As reported by Das et al. (2014), Bacillus tequilensis
www.ijsrp.org
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was chemoorganotrophic and could use hydrocarbons as sole
carbon source.
Despite the fact that diverse denitrifiers have similar
denitrification apparatus, each organisms have own activity. In
this study, we compared the denitrification of two bacilli, ADR1
and ADR2, isolated from a denitrifying reactor and identified as
Bacillus cereus and Bacillus tequilensis. The nitrate reduction
rate is higher in Bacillus cereus. However, two isolates have
nitrite accumulation. Carlson and Ingraham (1983) revealed
different patterns of denitrification between Pseudomonas
aeruginosa and Pseudomonas stutzeri. Betlach and Tiedje
(1981), showed that transit nitrite accumulation in Alcaligenes
sp. and Pseudomonas fluorescens was due to the differences in
the reduction rates of nitrate and nitrite. The growth estimated by
dry cell weight is more important in Bacillus tequilensis than
Bacillus cereus. Otherwise, the increase of cell number leading
to enhance the quantity of biomass and the sludge in the system
of wastewater. Thus, Bacillus cereus is more efficient because
this strain reduces more amount of nitrate than Bacillus
tequilensis and produces less sludge.
V. CONCLUSION
The above results showed that isolates ADR1 and ADR2 isolated
from denitrifying reactor were identified as Bacillus cereus and
Bacillus tequilensis. The experimental results showed that
Bacillus cereus could reduce 29.46 mM of nitrate and degrade
4240 mg/l of organic matter within 6 days. However, Bacillus
tequilensis is less efficient and could reduce 13.82 mM of nitrate
and 4500mg/l of organic matter. In addition, Bacillus cereus
produces less biomass avoiding clogging of wastewater treatment
system. These results concerning Bacillus cereus showed that the
isolated bacterium could potentially remediate wastewater with
high level of nitrate and organic matter.
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