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ABSTRACT

The mass organic compound 4-nitrophenol with low molecular is involved in many chemicals processes
and most common organic pollutants. 4-Nitrophenol (4-NP) existing in soils and water bodies, thereby
causing severe environmental impact and health risk. Even low concentrations are harmful to health
and potential mutagenic and carcinogenic. Though the existing methods of biodegradation though effec-
tive, their popularity is hindered due to high cost. Hence, in the present study a less expensive method
involving the use of Pseudomonas sp. with gum arabic (PAA) was tested. The biodegradation of 4-NP
was thoroughly investigated by progressive characterization methods. The promising Pseudomonas sp.
YPS 3 was identified with biochemical and molecular identification process. The average particle sizes
of stable crystalline PAA was 8-20 nm. The experiments were conducted with optimized parameters
viz., pH (7.0), concentration (30 ppm), temperature (37 °C) and time (6 h). The study was tested as adsor-
bent particle size on 4-NP concurrent adsorption-biodegradation. In addition, these Pseudomonas sp. YPS3
and its PAA are used as an eco-friendly for removal of toxic organic 4-NP pollutant from the ecosystems.
© 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

One of the most precious natural resources in our planet is water
and this made of 70% earth’s surface. Now-a-days, water pollution
is the widespread crisis. The squalor of the atmosphere with syn-
thetic unrefined compounds has turn into huge quandary with
urbanization and substantial industrialization (Munoz et al.,
2016; Monsalvo et al., 2012). The normal water bodies are tainted
by a variety of toxic chemical causing pollutions. As a results, need
for safe, pure and potable water is fetching a vital focus on world-
wide (Wang et al., 2016a). 4-Nitrophenol (4-NP) is a phenol com-
pound and is used in different industries. Nitrophenol is one of
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the most obstinate compounds owing to their elevated stability
and solubility in wastewater content. 4-NP is mostly used to man-
ufacturing of drugs, fungicides, insecticides, synthetic dyes, darken
leather, and used in petrochemical plants and textile industries. 4-
NP can enter into body through skin or inhalation and passes into
the blood stream. Once after inside it is biotransformed into toxic
species, which causes several adverse effects. Acute inhalation or
intake of 4-NP can cause symptoms such as headaches, drowsiness,
nausea and cyanosis in lips, ears, and finger nails. And also, contact
with eyes causes exasperation to the humans (Dhorabe et al., 2016).

In recent years, the number of microorganisms are resistive to
phenol and are capable of degrading phenol related chemical com-
pounds. Moreover, some yeast such as Cupriavidus sp. (Min et al.,
2020), Pseudomonas sp. (Das et al., 2020) is also known to be com-
petent phenolic compounds degraders. Among, all the Pseu-
domonas species encompasses significant bacteria with
environmental application in bioremediation (Kimura et al.,
2014; Kowalczyk et al., 2015). Thus, from a chemical point of view,
resistance to low absorption are essential for these compounds to
enter the distal sections of the intestine where they can be fer-
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mented by the microbiota, which in effect is selectively changed in
the phase. Such additional prebiotic acts aim to improve the muco-
sa’s capacity to absorb luminous micro-organisms and their com-
ponents, i.e., intestinal barrier function (IBF) (Kumar et al., 2005;
Rodriguez et al., 2006; Wang et al., 2016b). However, several spe-
cies that are immune to phenol and are capable of degrading phe-
nol. Pure bacterial culture such as Acinebacter sp., (Abd-El-Haleem
et al., 2003), Nocardioidess (Cho et al., 2000), P. fluorescens (Ojumu
et al.,, 2005), P. pictorum (Annadurai et al., 2000), P. putida (Reardon
et al., 2000), P. resinovorans (Yang and Lee, 2007), was degraded
phenolic compounds aerobically.

The immobilization of microbial cells with sufficient adsorbent
and it increases the efficiency of removal (Wang et al., 2016b). This
transform is due to the creation of a bio-layer on the adsorbent bed
and, at the same time, to adsorption- biodegradation (Chen et al.,
2016; Zhao et al., 2015; Sengupta and Balomajumder, 2014). The
different study reports were done with adsorption of phenol from
polluted water by using different types of biosorbant. The effec-
tiveness of adsorption is based on the effect of pH, and adsorbent
concentration (Singh and Balomajumder, 2016; Van Tran et al.,
2020). Due to the substantial adsorption capacity for removing var-
ious aquatic pollutants, Acacia nilotica tree gum, has gained broad
attention as an important biosorbant (Wen et al., 2013). Cost effi-
ciency, ample supply, and renewability make it an affordable
choice for the treatment of water and waste. Phenol degradation
using Pseudomonas sp., immobilized with Acacia nilotica gum in
the form of powder was investigated.

There are very few studies on bioremediation potential of Pseu-
domonas sp., from the results obtained; the finest experimental
settings were explored in order to assess the feasibility of their
combination for the complete removal of the pollutant and detox-
ification of the effluent relative to the PAA duckweed. The aim of
the present study was to evaluate the 4-nitrophenol biodegrada-
tion potential using microbes. The degradation of 4-NP was con-
firmed by different analysis such as characterization of
morphology, size and pores. The effect on 4-NP was studied of dif-
ferent parameters including different time, temperature, dose and
concentration. Outcomes of this current study depicts innovation
in micro reactor based degradation techniques with economic
practicality, non-toxic and ultrahigh speed catalyst method.

2. Materials and methods
2.1. Chemicals and adsorbent

Analytical grade of 4-NP (99% pure chemical grad) chemical
used as mineral salt medium. The adsorbent Acacia nilotica gum
is used as support matrices for the immobilization of microbial
cells and was obtained from Yercaud, Eastern Ghats, South India.

2.2. Isolation and identification of organisms

The rhizosphere soil sample was collected from biodiversity
garden in latitude 11.7184°N, 78.0771°E, South India. The soil
was sieved and stored in sterile cover. The sample was serially
diluted with up to 1077 dilution. Sample was speeded on a plate
of nutrient agar and incubated at 37 °C for 24 h. The isolated colo-
nies were sub-cultured on Pseudomonas isolation agar medium.
After that, the isolated colonies were stored for further study.

2.3. Identification of Pseudomonas sp.

2.3.1. Morphology, biochemical and molecular characterization
The most promising strain was characterized by standard
microscopic observation, biochemical and physiological activities
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were scrutinized by the following protocol Cappuccino and
Sherman.

The genomic DNA was isolated from the bacterium using mod-
ified protocol by Kumar et al. (2016) and molecular identification
of 4-NP removal bacterial strains was done. In addition, the iso-
lated strain was identified by 16S rDNA sequencing which is fol-
lowed by Kalaimurugan et al. The bacterial strain was
taxonomically classified by sequencing analysis with BLAST (NCBI)
and phylogenetic tree was constructed using Neighbor-joining
method using MEGA 6 software.

2.4. Preparation of 4-NP aqueous solution

For screening of degrading bacteria, 100 mg/L of 4-NP solutions
stock solution) were prepared as a stock according to the method
described by Balance (1996). The stock solution was diluted further
different working concentrations from 20, 40, 60, 80 and 100 mg/L.

2.5. Preparation and pretreatment of adsorbent

Acacia nilotica gum (ANG) was sundried and grinded using ser-
rated disk grinder to obtain small-sized particles. The complete
methodology was followed as per Shazryenna et al. (2015). In
order to attain the powdered particles, these particles were sieved
and desired average particle sizes ranges from 0.152 to 0.422 mm.
Further analysis revealed the chemical composition that ANG is
mainly composed of lignin. Briefly, one gram of ANG was dissolved
in 100 ml of 1 M HCl, treated for 24 h and then kept in water bath
for 30 min at 70 °C. Later, it was neutralized by refrigeration with
50 ml of 1 M NaOH. The filtrates were separated and then dried in
oven for 5 h at 60 °C. Throughout the test the pretreated powdered
ANG was used as an adsorbent.

2.6. Batch culture study

Batch mode studies were performed with adsorption by inocu-
lating known volume 1 x 10° CFU/ml of Pseudomonas sp., YPS3 in a
number of conical flasks comprising a known amount of ANG
biosorbant (1 g). 4-NP was performed to examine the effect of
pH (4, 5, 6, 7 and 9), contact time (1-6 h), adsorbent of different
temperature (25, 30, 35, 40 and 45), different concentration (10,
20, 30, 40 and 50 ppm) and different dose (100, 200, 300, 400
and 500 mg). Solution containing adsorption ANG was taken in
100 ml Erlenmeyer flasks and uptight at 160 rpm using an orbital
shaker at encoded time intervals (Kalaimurugan et al., 2020). The
supernatant was alienated from the biosorbant with spinning for
15 min at 3000 rpm. Then, the supernatant was separated and
determined under UV-Visible spectrophotometer (Shimadzu,
India) at 590 nm (Moharami and Jalali, 2013).

2.7. Characterization of PAA

FTIR analysis was performed by using Perkin Elemer Spectrum-
1, and categorizes the chemical in the Mid Infrared (MIR) region of
400-4000 cm~' of the ANG adsorbent from bacteria extracted
samples. XRD pattern of the ANG adsorbent were measured by
Phillips PW 1830 instrument. 40 kV operating voltage and 30 mA
current with 0.1541 nm wavelength ko radiation, in the 20 territo-
ries 10-80°, advance size 0.02/6. SEM analysis was also done by FEI
QUANTA 200 FE-SEM model, operated at a working distance of
8 mm (30 kV). Thin films of the sample were carbon coated and
an extremely tiny amount of the specimen were placed on the
sample holder. Blotting paper was used to eliminate the spare solu-
tion and the film on the FE-SEM was allowed to dry by 5 min
placed under a mercury lamp (Durairaj et al., 2019).
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2.8. Statistical analysis
Three replicates were produced per treatment and Analysis of

variance was performed on data. The collected data was analysed
by using PRISM software, version 18.0.

3. Results and discussion
3.1. Isolation of bacterial strain

The strain Pseudomonas sp. YPS3 was recognized by standard
cultural, morphological and biochemical characteristics features

Table 1
Results of biochemical tests Pseudomonas sp. YPS3.

Biochemical Test Observations

Pseudomonas sp. YPS3

Indole production test Negative
Methyl red test Negative
Voges proskauer test Negative
Citrate utilization test Positive
Catalase test Positive
Oxidase test Positive

Fig. 1. Bacterial Strain in Pseudomonas sp. YPS3 Gram negative rod shaped bacteria.
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and it was gram-negative, rod-shaped bacterium (Table 1 and
Fig. 1). The genomic DNA extracted from the Pseudomonas sp.
YPS3 and it was used as a 16S rRNA amplification template for
PCR. For the amplification and sequencing of the 16S rRNA gene
fragment the universal primers 27F and 1429R have been used.
The optimum temperature for the annealing was found at 55 °C.
The PCR sample was subjected to sequencing from both forward
and reverse directions using the BDT V3.1 process sequencing
package on the ABI 3730 XL genetic analyses. The collected
sequences were aligned using BLAST alignment tool system of NCBI
database. The obtained results confirmed 99-100% similarity and
the neighbor-joining method were used to construct phylogenetic
tree (Fig. 2) with Two-parameter model Kimura using Super 6.0
software. The aligned sequence was submitted in NCBI database
with accession number of MH580200.

3.2. Batch culture study

The influence of pH on the 4-NP degradation is shown in Fig. 3a.
Initial pH of the 4-nitrophenol solution has essentially no effect on
the 4-NP removal by Pseudomonas sp. YPS3 with Acacia gum (PAA).
High 4-NP removal efficiency was observed by the use of PAA.
More than 98% removal values were reached at pH 7 values. The
time influence on the removal of 4-NP by PAA was displayed in
Fig. 3b. The equilibrium time value was measured as 6 h with time
increase the quantity of 4-NP sorbet increased. The 4-NP solution
temperature essentially has no effect on the removal of 4-NP by
PAA. More than 98% removal values were reached at 35 °C temper-
ature values. The effect of temperature the 4-NP removal is shown
in Fig. 3c. The 4-NP solutions with different concentrations with
adsorbents were used to investigate the impact of concentrations
on removal of 4-NP at 37 °C. At concentrations of 20, 40, 50, 60,
80 and 100 ppm/L, the adsorbent values were 99. 41, 99. 1699.
2699. 0798. 52 and 98.07% respectively. The percentage uptake
of 4-NP decreased by increasing initial concentration (Fig. 3d). It
was owing of the saturation of resin adsorption sites as the solu-
tion concentration increased. The 4-NP solutions of different
adsorbent dose were used to investigate the impact of dose on
the removal of 4-NP at 35 °C. At dose of 100, 200, 300, 400 and
500 mg/L, the adsorbent values were 76. 41%, 84. 16%, 91. 26%,
96% and 98. 47% respectively. It has been attributed to the degra-
dation of the resin adsorption sites as the solution dose increased
(Fig. 4).

The optimum temperature for biodegradation of 4-NP was 25-
35 °C range. The efficiency of P-NP degradation is known to be
optimum at 30 °C temperature (Leilei et al., 2012). Dey et al.

91) Pseudomonas trivialis (NR 028987)
Pseudomonas poae (NR 028986)

a| Pseudomonas antarctica (NR 025586)
Pseudomonas orientalis (NR 024909)
1@ YPS3

Pseudomonas fluorescens (NR 114476)

=~

[¥x)
m— —

’ Pseudomonas rhodesiae (NR 024911)
Pseudomonas marginalis (NR 112072)

010

Fusarium sp. (DQ486881)

Fig. 2. Phylogenetic tree of Pseudomonas sp. YPS3.
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Fig. 3. a) Effect of pH adsorption of 4-Nitrophenol by PAA b) Effect of Time adsorption of 4-Nitrophenol by PAA c) Effect of Temperature adsorption of 4-Nitrophenol by PAA d)

Effect of different concentration adsorption of 4-Nitrophenol by PAA.
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Fig. 4. Effect of different dose adsorption of 4-Nitrophenol by PAA.

reported that 4- NP degraded by Arthrobacter sp., was revealed the
extreme at 30 °C. The 96% of 4-NP was degraded at pH 9 by the par-
ticular strain by 3 days of incubation at 30 °C. The outcomes were
supported by the early report of Yang and Lee, (2007). Further, the
degradation of 4-NP was intensified at high pH owing of enhanced
bioavailability and declined toxicity of phenol.

Pseudomonas sp. is considered one of the most common species
of bacteria degrading the isolated phenolic compounds from pol-
luted sites (Duan et al., 2016; Cherifi et al., 2014; Gu et al., 2014;
Liu et al., 2014). The Pseudomonas species exhibited their ability
to degrade 2, 4, 6-TCP, 2, 4-DCP, and pentachlorophenol (EI-Naas
et al., 2009; Prieto et al., 2002). The isolate of P. fluorescens was able
to use a wide variety of phenolic compounds with various rates of
halo-substitution as the carbon sources. P. fluorescens isolate had
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an increased ability to use 2, 4, 6-TCP and 2, 6-DCP as a growth-
based substratum. The concentration of substrates increased the
growth of P. fluorescens further increasing the concentrations it
weakens the growth (Kim et al., 2002; Ahmaruzzaman, 2008).

Phenolic compounds are capable of disrupting membrane func-
tions and inducing cell death. As observed in this study and others,
Pseudomonas sp., grow better at pH values within the range of 6-9
(Ksibi et al., 2003). The current results showed phenol concentra-
tion exceeded 480 mg/L and it was the highest degradation
reported rate per cell by Pseudomonas sp. This results were accor-
dance with early investigation by Whitney et al. (2001). The con-
centration of phenol was found to be play a crucial role in
degradation by study reports (Dabhade et al., 2009).

Current study, the rate of biodegradation of 4-NP was signifi-
cantly affected by pH, time, incubation temperature and 4-NP con-
centration which is used as a carbon and energy source. The
optimized method was observed that the growth of microorganism
and gum increases as pH increases. The optimum conditions for the
removal of 4-NP were found to be pH 7, temperature 37 °C and
30 ppm of 4-NP concentration.

3.3. Characterization of PAA

FTIR has been used to evaluate the form of the biosorbant func-
tional groups. FTIR was also used to obtain details about the exis-
tence of potential adsorbent interactions with adsorbents. FTIR
spectra of 4000-400 cm™! for the virgin pine bark powder and 4-
nitrophenol loaded pine bark powder are shown in (Fig. 5a). The
adsorption before FTIR Spectroscopic characteristics functional on
are shown in (Table 2). After adsorption, the FTIR spectrum of pine
bark powder (Fig. 5b) showed a board adsorption peak of
2237 cm™!, corresponding to the overlapping —OH and —NH levels.
The C—H group represents for a peak at 2147 cm ™.
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Fig. 5. FT-IR of PAA a) before the adsorption of PAA b) after the adsorption of PAA.

FT-IR functional group’s analysis of PAA for 4-nitrophenol removal before.

Vibrational assignment

Observed wave number (cm™!)

Functional groups

Visible intensity

O—H stretching

C—H stretching

NO2 asymmetric stretching
NO2 asymmetric stretching
N=N stretching

C—O stretching

C—O stretch

3291.33
2922.22
1636.95
1540.45
1395.81
1230.97
1031.94

Carboxylic acids
Aldehyde
Nitrate

Aromatic nitro compound

Azo compound
Esters

Alcohol and phenols

Wide peak
Small medium peak
Sharp peak
Small medium peak
Small peak
Sharp peak
Medium sharp peak

The pure pine bark powder stretching for C=0 was at
1617 cm~'. The presence of —C—N linkages from the peaks at
1058 cm™! is confirmed. Several peaks have been significantly
moved and extended (Table 3). These results confirm the presence
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of the pine bark powder group of amino, carboxyl, and hydroxyl as
possible active binding sites for 4-nitrophenol adsorption. An X-ray
diffraction was carried out on the culture of bacteria and the gum.
The PAA exhibited a board peak at 20 = 26.8° (Fig. 6a, b), indicating
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Table 3
FT-IR functional group’s analysis of PAA for 4-nitrophenol removal after.

Saudi Journal of Biological Sciences 28 (2021) 833-839

Vibrational assignment Observed wave number (cm™!)

Functional groups Visible intensity

O—H stretching 3779.81 Alcohol Very Small peak
C—H stretch 2922.22 Aldehyde Small peak
C=0 stretching 1739.07 Carboxylic acids Sharp peak
N=N stretching 1433.54 Azo compound Small medium peak
NO2 symmetric stretching 1368.55 Aromatic nitro compound Medium sharp peak
C—O0 stretching 1216.41 Esters Medium sharp peak
C—O0 stretching 993.49 Alcohol and phenols Small peak
N—H wagging 777.16 Secondary amide Very small peak
A) B)
160000 16000
140000 ~ 14000
120000 = 12000 -
100000 ~ 10000
= — A
g so00n o 3
g Zz
5 60000 ~ 2
B £
40000
20000 JL l ’ N
° > L_ A b
LA | r 15 15Tt

10 20 30

Fig. 7. a) SEM image of Acacia gum b) 4-nitrophenol adsorption of PAA.

the amorphous state of the adsorption. FESEM analysis of the bac-
terial culture with gum consisted of a type of brick, plate-like
structure (Fig. 7a), with an agglomerated and irregular surface
structure. The rough surfaces of bacterial culture and Acacia gum
have an irregular shape, suggesting high porosity and thus allow-
ing the adsorption of 4-nitrophenol on various adsorbent sections
(Fig. 7b). Another peak occurs at 1384 cm™! in the IR spectra,
which allocated for tri-coordinated boron vibration (Feng et al.,
2011). These types of vibrational modes occur only with doped
samples in the range of 1200-1750 cm™~! (Sharma et al., 2006). This
result is consistent with the research reported earlier, in which the
rutile phase of concentration of boron dopant was observed (Chen
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et al., 2006). The pore size distribution of microbes indicates the
existence of mesoporous of pore diameter in the range of 2-
12 nm, while the TiO2 and BT7 sample pore size distributions
are large (2-15 nm) in length (Yadav et al., 2020).

4. Conclusion

In the present study the Pseudomonas sp. YPS3 culture immobi-
lized with Acacia gum (PAA) was used for biodegradation of 4-NP.
The optimized biodegradation capabilities PAA was pH 7.0, at 37 °C
with 30 ppm concentration. PAA adsorption has demonstrated
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exceptional catalytic activity when used at room temperature to
reduce 4-NP. The outcome of this study clearly showed that 4-NP
reduction had been completed in 6 h. This work recommended that
degradation of 4-NP by biosynthesized PAA, is useful in remove
harmful 4-NP and its derivatives from wastewater and Pseu-
domonas sp. YPS3 as a promising candidature. Further, the future
study was investigated with their enzymes responsible for biode-
grading and computational studies for effective removal of toxic
4-NP and its derivatives from the ecosystems.
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