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ABSTRACT

Aniline is a common toxic compound in various industrial processes. It should be removed
from effluents before their discharge into water bodies. A cold-tolerant bacterium JA1 cap-
able of utilizing aniline as the sole source of carbon, nitrogen, and energy was isolated from
activated sludge samples collected from a sewage treatment plant. The isolate was identified
as Pseudomonas species by 16S rDNA sequence analysis. Strain JA1 was able to degrade less
than 1600 mg l−1 aniline with high efficiency and grow well at pH varying from 5.0 to 9.0.
The suitable temperature ranged from 10 to 35˚C. Under optimal conditions (pH 7.0, 25˚C),
800 mg l−1 of aniline was almost completely degraded within 24 h. Substrates utilization
tests showed that the strain could grow well when sodium acetate, glucose, sodium citrate,
benzene, aniline, phenol, nitrobenzene, and m-cresol acted as the sole source of carbon. The
adaptation to wide range of aniline concentration, pH, temperature, and different
substances made strain JA1 promising for aniline degradation from industrial wastewater.
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1. Introduction

Aromatic compounds are widely distributed in
nature via irresponsible discharge of industrial or agri-
cultural wastewaters since most of these substrates are
common intermediates in the manufacture of organic
products [1–3]. One of typical aromatic amines is
aniline, which is applied in the production of dyes,
pharmacy, plastics, rubber, herbicides and many other
industries [4–7]. Effluents from such processes are
increasingly released into water body and pose a risk
to life forms due to toxic properties of aniline. There-
fore, the Ministry of Environmental Protection of

China, the European Chemical Substances Information
System, and US EPA have attached importance to its
removal and classified it as one of the pollutants of
major concern [8–11].

In order to remove pollutants efficiently with low
cost, biological methods, especially aerobic biodegra-
dation have been taken into account [12]. Though
many organisms are able to degrade organic sub-
stances, aniline has had an inhibitory effect on cell
growth and metabolism of most conventional bacteria
[11]. However, it has been found that there are several
micro-organisms naturally capable of synthesizing aro-
matic substances or developing catabolic pathways
through gradual adaptation to environments exposed
to this kind of pollutants. Previous studies have*Corresponding authors.
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reported aromatic biodegradation of bacteria and their
potential applications for bioremediation. For instance,
a strain Bacillus sp. was isolated to debrominate and
mineralize 2,4,6-tribromophenol [13]. 2-chloro-4-ni-
troaniline could be used as the sole carbon, nitrogen,
and energy source by Rhodococcus sp. strain MB-P1
under aerobic conditions [14]. Likewise, there are
aniline-degrading bacteria, yeast, and fungi such as
Delftia, Erwinia, and Candida [15–17]. Pseudomonas spe-
cies as one of the most common strains applied to
water treatment was documented to degrade phenol,
4-chlorophenol, aniline, methyl parathion, and many
other recalcitrant compounds [18–21]. However, it is
widely acknowledged that the change of environmen-
tal conditions may have a marked impact on microbial
treatment [22–24]. Most aforementioned micro-organ-
isms were mesophilic and when temperature dropped
below 20˚C, their growth rates as well as degradation
efficiencies of pollutants might decrease dramatically.
Hence, it is significant for the isolated strain to main-
tain active at both moderate and low temperature.

This study isolated and identified a cold-adapted
bacterium JA1 which could utilize aniline as the sole
source of carbon, nitrogen, and energy. Effects of dif-
ferent initial aniline concentrations, pH values, tem-
peratures, and carbon sources were evaluated to
optimize the process parameters for aniline degrada-
tion. To our knowledge, there are limited information
about aniline biodegradation of aerobic bacteria under
both thermophilic and cryophylactic conditions. The
adaptability to various substrates as well as a wide
range of aniline concentration, temperature, and pH
made the strain crucial for industrial wastewater
treatment.

2. Materials and methods

2.1. Strain isolation and enrichment

The strain JA1 was isolated from sludge samples
collected from a biological tank of Taiping sewage
treatment plant in Harbin, Heilongjiang Province,
China. The activated sludge was pretreated and accli-
matized before spread on plates containing selective
media in which aniline acted as the sole source of car-
bon, nitrogen, and energy. Cultivation was carried out
in an incubator at 10˚C for 4 d. The strains were
picked on the basis of their ability to grow at low tem-
perature in the presence of aniline. One of them was
named JA1, which was selected for further tests. After
several times of streaking and multipoint inoculation,
the strain was purified according to colony morphol-
ogy and inoculated to a 500-mL conical flask with
200 mL of liquid selective media. The selective mineral

medium composed of the following ingredients (g l−1):
Aniline 0.6, KH2PO4 2.0, K2HPO4 1.3, NaCl 5.0. The
trace element solution was composed of the following
ingredients (per liter): FeCl3·6H2O 0.01 g, H3BO3

0.15 g, CuSO4·5H2O 0.03 g, KI 0.18 g, MnCl2·4H2O
0.12 g, Na2MoO4·2H2O 0.06 g, ZnSO4·7H2O 0.12 g,
CoCl2·6H2O 0.15 g, EDTA 10 g. The pH value of solu-
tion was adjusted to 7.0. Selective media were steril-
ized by autoclaving at 121˚C for 15 min before
inoculation.

After cell density of seed culture dramatically
increased, 10% (v/v) of mixed solution was trans-
ferred to beef extract peptone medium whose ingredi-
ent was (per liter): Beef extract 5.0 g, peptone 10.0 g,
NaCl 5.0 g. Flask was incubated in a rotary shaker at
10˚C and 160 rpm. Subsequently, 10% (v/v) of culture
was added into another 200 mL of selective medium.
The inoculum transfers were done in exponential
phase. At the end of alternate incubation, 200 mL of
enriched culture was obtained and kept at 4˚C in a
freezer for further characterization and aniline
degradation studies.

2.2. Strain characterization and genetic identification

The strain was further characterized using bio-
chemical and molecular methods. The cell size, shape,
colony morphology, motility, and Gram stain reactions
were observed using an optical microscope (CX31,
Olympus Co., Ltd, Tokyo, Japan) and a scanning elec-
tron microscope (SEM, VEGA 3 LMU, TESCAN,
Czech Republic). Genomic DNA of the bacterial
strains was extracted from fresh bacterial culture
using the Ezup Pillar bacterial genomic DNA Extrac-
tion Kit (Sangon Biotech Co., Ltd, Shanghai, China).
The part of the 16S rRNA genes was amplified with a
pair of forward (5’-CAGAGTTTGATCCTGGCT-3’)
and reverse (5’-AGGAGGTGATCCAGCCGCA-3’) pri-
mers. PCR were conducted in 25 μL of PCR reaction
system containing 25 ng of extracted DNA, 1 μL of
2.5 mM dNTPs, 2.5 μL of 10 × Buffer with Mg2+, 0.2 μL
of enzyme, 0.5 μL of 10 uM forward and reverse pri-
mers. Amplifications were carried out as follows:
4 min of denaturation at 94˚C, 30 cycles of 45 s at
94˚C, 45 s at 55˚C, and 1 min at 72˚C. An additional
10 min at 72˚C at the end of 30th cycle aimed at repair
and extension. The amplified products were purified
using agarose gel electrophoresis and the sequencing
was carried out at Sangon Biotech Company (Shang-
hai, China). The nucleotide sequence was submitted to
the GenBank databases for comparison and identifica-
tion using the BLAST package software (http://blast.
ncbi.nlm.nih.gov/Blast.cgi). GenBank accession num-
ber for the 16S rRNA gene sequences of strain JA1 is
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KR006341. A maximum likelihood phylogenetic tree
was generated by neighbor-joining methods [25] with
MEGA 6.

2.3. Growth and aniline degradation

20 mL of seed culture kept in a freezer was added
to a 500-mL conical flask with 200 mL of selective
mineral medium followed by incubation in a rotary
shaker at 10˚C at agitation speed of 160 rpm. When
the optical density of cells was over 0.6, 10 mL of
emulsion was transferred into 15 conical flasks with
200 mL of fresh selective mineral medium, respec-
tively. Initial aniline concentrations were from 100 to
1,800 mg l−1 and all initial cell densities were con-
trolled by adjusting OD600 to around 0.06. The organ-
ism was cultivated in rotary shaker for 7 d at 160 rpm
and 10˚C. 10 mL of samples from flasks were taken at
intervals of 4 h to assay aniline concentration and cell
density. All experiments were carried out in triplicate
sets for checking the consistency of data.

2.4. Effect of pH values and temperature on aniline
biodegradation

Evaluation of acid and alkalinity tolerance of strain
JA1 was carried out with optimal aniline concentration
obtained from results of tests described in section 2.3.
Seven 500-mL conical flasks containing 200 mL of
selective mineral media were adjusted to different pH
values varying from 4.0 to 10.0 at intervals of 1.0. To
find optimal temperature ranges of the strain, another
seven flasks were cultivated at temperatures ranging
from 10 to 40˚C. In each test, aniline concentrations as
well as cell growth were investigated. All tests were
done in triplicate.

2.5. Substrate utilization study

Several organics, namely sodium acetate, glucose,
sodium citrate, alcohol, benzene, aniline, phenol,
nitrobenzene, m-cresol, and nitrophenol were acted as
sole source of carbon and energy. All the substrates
were used at a concentration of 300 mg l−1, in both
solid and liquid media. The plates containing these 10
organics were incubated for 4 d. The substrates for
carbon source utilization tests were sterilized before
transferred into flasks. OD600 of flasks were tested
every 4 h to determine cell growth rates.

2.6. Analytical methods

The cell density of the micro-organism was investi-
gated by measuring the optical densities at 600 nm in

a UV–visible spectrophotometer (nanbeijt, China).
Samples collected at intervals of the tests were cen-
trifuged for 10 min at 12,000 rpm to remove biomass.
Aniline concentration was determined at 240 nm using
high pressure liquid chromatography ((HPLC, Agilent
1,100 Series, Agilent, USA). The pH values of samples
were measured by pH meter (PC-320).

3. Results and discussion

3.1. Isolation and characterization of the strain

Several colonies appeared on plates in the presence
of 600 mg l−1 aniline after 4 d of incubation at 10˚C.
Five strains were separated by a multistep enrichment
and screening technique according to morphologic
distinction. One of them was named JA1 and was
purified for further tests. The strain JA1 could utilize
aniline as the sole source of carbon, nitrogen, and
energy. The aerobic colonies were rod-shaped, gram
negative, immotile, and capable of surviving in solid
media supplemented with aniline ranging from 100 to
1,600 mg l−1. The morphology of the strain under SEM
was shown in Fig. 1. The strain was enriched in beef
extract peptone medium followed by being transferred
to the selective medium. Seed culture was placed in a
shaking incubator. Aniline concentrations and OD600

were tested every 4 h. The time courses of residual

Fig. 1. Scanning electron micrographs of cells of strain JA1
with magnification of 10 k.
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aniline concentration in medium and cell growth were
shown in Fig. 2. The lag phase was 16 h and there
was a slight decline in aniline concentration during
this period. In logarithmic phase of cell growth, ani-
line biodegradation rate increased sharply. Similar
trend was found in curve of OD600. More than 99% of
600 mg l−1 aniline was degraded in 48 h, with OD600

increasing to 0.76, indicating that strain JA1 grew sub-
stantially well in the flask. OD600 peaked at 0.79 in
about 56 h after inoculation, just before the stationary
phase. OD600 decreased moderately after 60 h (data
not shown), due to the fact that the substrate became
a limiting factor in metabolic activity of JA1 strain.
Trends of the two curves illustrated that aniline
biodegradation was closely related to bacterial
reproduction.

3.2. Identification of strain JA1

The partial sequence of 1,435 bp 16S rRNA gene
fragment of strain JA1 was obtained by PCR amplifi-
cation and submitted for sequencing. The result has
been deposited in the GenBank database. The isolate
JA1 was identified as Pseudomonas sp. based on 16S
rRNA gene sequences. Phylogenetic relationship of
strain JA1 with several other bacteria was shown in
Fig. 3. 16S rRNA of the strain had 99% sequence simi-
larity with Pseudomonas mandelii, Pseudomonas frederiks-
bergensis, and Pseudomonas cannabina. As can be seen,
the homology between strain JA1 and two other Pseu-
domonas sp. was 98%, indicating that these strains
formed a cluster.

3.3. Utilization of aniline

Utilization of aniline by strain JA1 at low tempera-
ture was evaluated by investigating substrate removal

efficiencies and cell densities in selective media con-
taining different initial concentrations of aniline rang-
ing from 100 to 1,800 mg l−1 at 10˚C. As shown in
Fig. 4, strain JA1 was able to metabolize substrates in
both low and relative high concentrations of aniline. It
was found that the isolate was capable of removing
aniline completely within 5 d when initial aniline con-
centration was below 1,600 mg l−1 (data not shown).
The highest average degradation rate appeared in
culture supplied with 800 mg l−1 of aniline and
removal rate was 15.46 mg l−1 h−1, indicating strong
biodegradation ability of the strain (Fig. 5). Wang
et al. reported a Pseudomonas strain PN1001 isolated
from activated sludge of petrochemical wastewater
treatment process which could degrade 81% of
130 mg l−1 aniline in 24 h [10]. In contrast with strain
PN1001, JA1 had higher efficiencies and tolerance in
aniline biodegradation. The adaptability of a wide
range of aniline concentration at low temperature
made the strain suitable for industrial wastewater
treatment on account of notable concentration

Fig. 2. Time course of growth and aniline degradation by
strain JA1 in selective medium (600 mg l−1 aniline).

Fig. 3. Phylogenetic tree of strain JA1 based on 1435 unam-
biguous nucleotides of the 16S rRNA sequence.

Fig. 4. The effect of different initial aniline concentrations
on aniline removal.
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variation in industrial effluents. Biodegradation with
initial aniline concentration from 100 to 700 mg l−1

showed that although lower initial concentration of
aniline needed shorter time to be removed, the aver-
age degradation rate increased when there was more
initial carbon source since the lack of substance would
limit cell growth in log period. A similar phenomenon
that low concentrations of substrate to some extent
retarded bacterial growth was also described by Had-
dadi and Shavandi [26]. The average removal rate of
strain JA1 dropped in media with up to 900 mg l−1 of
aniline. When initial concentration of aniline was over
1,600 mg l−1, the OD600 of strain JA1 significantly
decreased, illustrating that bacterial growth was
remarkably inhibited beyond this concentration.
Growth retardation of many other kinds of bacteria
for wastewater treatment was common in media with
high aniline concentration. For instance, O’Neill et al.
who have studied the biodegradation of aniline by
bacterial consortia showed that the rate of bacterial
growth decreased at elevated concentrations at neutral

pH [4]. Li et al. isolated strain HSA 6 capable of
degrading aniline and found that the degradation rate
dropped as the concentration of aniline increased and
rose when the culture time prolonged [16].

3.4. Effect of pH and temperature on aniline biodegradation

The pH tolerance of strain JA1 was determined by
comparing cell density and aniline degradation at dif-
ferent pH values. Results were shown in Fig. 6(a).
Strain JA1 was able to survive at pH values varying
from 5.0 to 9.0. In view of the time spent reducing pol-
lutants, the suitable pH range for wastewater treat-
ment was from 6.0 to 8.0. At this pH range, 800 mg l−1

of aniline could be completely degraded within 4 d
and the ideal pH was found to be 7.0, at which 99%
of aniline was removed in 52 h (data not shown). In
contrast with biodegradation at pH of 8.0, the removal
rate at pH of 6.0 was higher. However, the degrada-
tion rate noticeably dropped when pH value of media
was adjusted to 5.0 or 9.0. Only 22.5% of aniline was
degraded within 72 h at pH of 9.0, suggesting that
although biodegradation ability of strain JA1 main-
tained in acid and alkaline culture, the lag-phase prior
to logarithmic growth was extended. Adaptability of
micro-organisms to adverse environment was also
documented by Wang et al. In their research, an ani-
line-degrading strain Candida tropicalis was able to
degrade about 15% of 400 mg l−1 aniline in 24 h at pH
of 5.0 or 9.0. However, aniline concentration dropped
to nearly 0 mg l−1 in the same period when pH of cul-
ture was 7.0 [22].

Biodegradation of the isolate at a range of tempera-
ture (10–40˚C) was described in Fig. 6(b). The suitable
temperature for strain JA1 ranged from 10 to 30˚C and
800 mg l−1 of initial aniline could be completely
degraded within 60 h (data not shown). The highest
average removal rate of aniline appeared at 25˚C. At

Fig. 5. The cell growth and average removal rate in media
containing different initial concentrations of aniline.

Fig. 6. The effect of different pH values (a) and temperature (b) on aniline removal (800 mg l−1 aniline).
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the optimal temperature, nearly 100% of aniline was
degraded within 24 h. Similar result could be found in
a study of Delftia sp. XYJ6 degrading aniline at differ-
ent temperature. The suitable temperature for the iso-
late ranged from 25 to 35˚C [27]. Compared to strain
XYJ6, the cold-adapted JA1 was able to grow at a
wider range of temperature. In contrast with cell
metabolism at temperature beyond 30˚C, bacterial
growth was better at relatively low temperature (15
and 10˚C). Aniline concentration dropped to about
720 mg l−1 in 36 h at 35˚C, while aniline was almost
completely removed at 15˚C in the same period. There
was no sign that aniline would be removed at 40˚C,
indicating that cell growth of strain JA1 was severely
inhibited under this condition. This was consistent
with the findings of Zhang et al., who reported cold-
adaptive aniline-degrading bacteria Rhizobium borbori
sp. nov., of which the optimum temperature for cell
growth was 28˚C and no growth was observed when
temperature was above 37˚C [28]. According to results
of temperature tests, strain JA1 belonged to psy-
chrotrophs which was capable of surviving in both
moderate and cold conditions [29].

3.5. Utilization of different substrates

The utilization of different carbon sources by strain
JA1 was shown in Fig. 7. Cell growth was observed in
the presence of sodium acetate, glucose, sodium
citrate, alcohol, benzene, aniline, phenol, nitrobenzene,
m-cresol, and nitrophenol. Strain JA1 showed the best
growth in phenol-rich culture, followed by growing in
media containing glucose. 99% of 300 mg l−1 initial
phenol was degraded within 2 d. Another study has
discussed a laboratory isolate Pseudomonas sp. CP4
which was able to degrade aromatics such as phenol

and cresols [30]. Aromatic compounds biodegradation
potential of Pseudomonas strain was also studied by
Al-Zuhair and El-Naas, who immobilized Pseudomonas
putida in PVA gel particles to remove high concentra-
tion of phenol [31]. It was found from Fig. 7 that
bacterial growth of strain JA1 was noticeably inhibited
in nitrophenol, which was consistent with the cell
growth inhibition of Halomonas sp. reported by
Haddadi and Shavandi [26]. Most aniline-containing
industrial effluents are complex and rich in numerous
aromatic substances. Hence, the characteristics of
strain JA1 capable of utilizing different kinds of car-
bon sources especially some aromatics are crucial to
industrial wastewater treatment.

4. Conclusions

The cold-adapted strain JA1 identified as Pseu-
domonas sp. was isolated from selective culture with
aniline as the sole source of carbon, nitrogen, and
energy. Strain JA1 was able to withstand relatively
wide range of aniline concentration (0–1,600 mg l−1),
pH (5.0–9.0), and temperature (10–35˚C). The optimal
initial aniline concentration, pH value, and tempera-
ture for aniline biodegradation was 800 mg l−1, 7.0,
and 25˚C, respectively. 800 mg l−1 of aniline was
almost completely degraded within 24 h under this
condition. Besides aniline, strain JA1 could efficiently
utilize sodium acetate, glucose, sodium citrate, ben-
zene, phenol, nitrobenzene, m-cresol as the sole source
of carbon and energy. The tolerance of the bacteria to
vast fluctuations in aniline concentration, temperature,
and different aromatic compounds is of great impor-
tance to industrial wastewater treatment.
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