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Abstract

Industrialization leads to the entry of diverse xenobiotic compounds into the environment. One such compound is paraceta-
mol (APAP), which is emerging as a pharmaceutical and personal care pollutant (PPCP). In this study, the APAP degrad-
ing bacterium was isolated by enrichment culture method from the sewage sample. The microscopy, biochemical, and 16S
rRNA gene sequence analyzed the isolate PPY-2, which belongs to Bacillus licheniformis, and GenBank assigned acces-
sion number MN744328. Physiological and batch culture degradation studies have indicated that the strain involved in the
degradation of APAP. The optimum pH for degradation of the PPY-2 was 7.7, whereas the temperature was 25 °C, agitation
speed was 142 rpm, and concentration of APAP was 621 mg/L reported, and the optimum temperatures were 42 °C and
32 °C, respectively. Biomass kinetic was studied at optimal physical conditions, which suggested that the specific growth
rate (1) was 721 mg/L. The GC-MS chromatogram peaks have detected metabolites, viz., oxalic acid, 2-isopropyl-5-methyl
cyclohexanone, and phenothiazine. The study confirmed that Bacillus licheniformis strain PPY-2 exhibits metabolic potential

to biodegradation APAP and can be further deployed in bioremediation.

Keywords Paracetamol (acetaminophen, APAP) - Bacillus licheniformis strain PPY-2 - Fourier Transform Infrared
Spectroscopy (FTIR) - Gas Chromatography—Mass Spectroscopy (GC-MS) - Biodegradation

1 Introduction

Pharmaceutical and personal care products (PPCPs) are
contaminants that develop unexpectedly with pervasive
chemical substances, such as pharmaceutical products,
non-steroidal anti-inflammatory drugs (NSAIDs), antibi-
otics, hormones, etc. They have been used in animal hus-
bandry, healthcare, agriculture, and healthcare (Daughton
and Ternes 2001, 2009; Mohapatra et al. 2016). However,
they reach the aquatic environment in various ways (Wu
et al. 2012), and domestic waste is the main route through
which it enters the atmosphere. The main entrance through
which it enters the atmosphere is domestic waste and sewage
treatment plants (Chang et al. 2011). The debris found in the
sewage treatment plants is very consistent in household sew-
age, small- and medium-sized industrial sewage, agricultural
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product waste, hospital sewage, etc. In addition, they are
composed of human and animal excretions and non-metab-
olized products. However, in a few cases, almost 60-95%
of the active substances, such as NSAIDs, in the form of
capsules and in tablet form, etc., are excreted by the patients
as the metabolic value differs from species to species and
from person to person (Chopra and Kumar 2018). Other
similar studies have indicated the degradation of various
compounds using isolated strains, such as the biodegrada-
tion of ibuprofen by Bacillus siamensis strain DSI-1 (Chopra
and Kumar 2022), acid red 14 from synthetic wastewater by
advanced oxidation process with artificial neural network
and fuzzy regression (Asadollahfardi et al. 2022), marine
bacterial consortium used for degradation of cold-adapted
0il/PAH-degrading (Crisafi et al. 2016), hexavalent molyb-
denum by Serratia sp. strain MIE2 (Halmi et al. 2016), cya-
nide removal by Serratia marcescens strain AQ07 (Karamba
et al. 2016), pyrene degradation by Achromobacter denitri-
ficans ASU-035 (Mawad et al. 2016), and more recently
surfactant degradation by Pseudomonas and Bacillus spp.
and also by microbial consortia containing Alcaligenes spp.,
Citrobacter spp., reported by Arora et al., (2022).
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Pharmaceutical use drugs have given rise to a class of
hazardous compounds, "emerging contaminants” (ECs),
and they are classified as "pharmaceutical pollutants".
These compounds have varied chemical structures and bio-
activity and are grouped among xenobiotics (Rivera-Utrilla
et al. 2013; aus der Beek et al. 2016). Their revival strategy
from water has been described in a review by aus der Beek
et al. (2016). NSAIDs are a subset of PPCPs; it consists
of medicines commonly prescribed to relieve pain, lower
fever, stop blood clots, and reduce inflammation. The essen-
tial non-steroidal distinguishes these capsules from steroids
(Zur et al. 2018a, b). This was first studied on steroids in
the 1960s, but there was little known about their steroid
use. NSAIDs commonly treat acute or ongoing problems:
mild pain, arthritis, inflammation, tissue damage, migraine,
extreme arthritis, pain (menstrual pain), bone pain, post-
operative pain due to Parkinson's disease, muscle wrinkles,
and pain, painful accidents together with the flu, also known
as the colon, kidney, macular edema, etc. are effective in
controlling surgical pain after tooth extraction (Newton et al.
1982; Song and Chen 2001; Du et al. 2016). Paracetamol
(acetaminophen, APAP), in combination with chemicals like
N-(4-hydroxyphenyl) ethanamide and N-(4-hydroxyphenyl)
acetamide, can form a monocyclic NSAID. First developed
in 1877, and until now, this is the most widely used drug
worldwide and also one of all significant medicines indexed
by the World Health Organization (WHO). Over the past
2 decades, the expansion in production, consumption, and
transportation of APAP had concluding its occurrence in
many water bodies, landfills, and sewage treatment plants.
On the other hand, it has obstructed the marine environment
(Marchlewicz et al. 2015). APAP was reported among 29
countries in surface water, groundwater, and tap or drink-
ing water, in environmental sources with an average con-
centration (0.161 g/L), and a maximum (230 g/L) (aus der
Beek et al. 2016). It acts as a micropollutant, and its pres-
ence has been increased through various food chains and
led to chronic health risks and toxic effects (Gu 2020). It
is among the top ten drugs consumed by countries world-
wide. In 2016, the United States consumed around 49-kilo
metric tons, followed by China in the second place with
34.6-kilo metric tons and Europe with 48.4-kilo metric tons
(Debortoli et al. 2021). APAP actively treats a wide range
of symptoms such as flu, cough, cold, fever, allergy, pain,
and sleep disorders; therefore, during the Coronavirus dis-
ease-2019 (COVID-19) disaster, this molecule was included
as a significant component of the therapeutic plans and was
widely consumed globally (Poddar et al. 2022). As a result,
the consumption rate in Greece increased by 198% during
the pandemic era (Galani et al. 2021). A similar pattern was
found throughout the world among several countries during
the waves of the COVID-19 epidemic from 2019 to 2021.
According to the most recent estimate of APAP demand,
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the output is increasing worldwide. The continuous increase
in APAP usage has led to demand for their increased pro-
duction. China and India are the leading nations worldwide
for APAP production, accounting for more than 70% of the
global APAP supply (Park et al. 2021). Other countries like
the United States, Australia, European Union, Hong Kong,
Thailand, and Indonesia also play a significant role in its
production. The massive amount of APAP produced by com-
panies increased the amounts of discharged effluents from
the process, resulting in environmental effects, and their per-
mitted level is problematic for international environmental
organizations for pharmaceutical pollutants, including APAP
(Becht et al. 2021; Poddar et al. 2022).Biodegradation is a
less inexpensive method of degradation of APAP through
biological entities. This can convert APAP into CO, and
H,0 as the end product of degradation (Hesnawi et al. 2014).
It also detects numerous errors that can affect APAP. In our
experience, the first studied microbe has been assigned the
genus Penicillium sp., which can degrade APAP to 4-ami-
nophenol and other acetate compounds (Hart and Orr 1975).
Rhodococcus can break down to 4-aminophenol, hydroqui-
none, catechol, Delftia tsuruhatensis, and the genus Pseu-
domonas spp. convert it to hydroquinone (De-Gusseme et al.
2011; Akay and Tezel 2020), and by Pseudomonas strain
PrS10 isolated from pharmaceutical effluents (Poddar et al.
2022). Hydroquinone has been converted to 1,2-dioxyge-
nase, hydroquinone, and acyclic products by Arthrobacter
sp., Phanerochaete chrysosporium, and Burkholderia cepa-
cia AC1100 (Takenaka et al. 2003; Paolis et al. 2013). How-
ever, microorganisms could degrade APAP into methylated
N-acetyl-p-benzoquinone-imine (NAPIQ) and 3-hydroxy-
acetaminophen (Marchlewicz et al. 2015) and such interme-
diates metabolites produced upon degradation are even more
toxic than APAP (Chopra and Kumar 2020a). More recently,
Fernandes et al. (2021) reviewed the fate and bioremediation
of pharmaceuticals by aquatic environments. Other similar
studies have indicated the involvement of the isolated strains
in biodegradation of diverse types of compounds, such as
polycyclic aromatic hydrocarbons (PAHs), phenanthrene
by Comamonas testosteroni strain-T (Olukanni et al. 2022),
and also PAH by fungus Podoscypha elegans Strain FTG4
(Agrawal et al. 2021), pharmaceutical wastes in treated sew-
age effluents by Bacillus subtilis 1556 WTNC (Al-Gheethi
and Ismail 2014), methylene blue by textile effluent biotreat-
ment by Acinetobacter pitti (Ogunlaja et al. 2020) etc.
Therefore, this study was focused on the isolation of bac-
terial strains that has the potential to degrade APAP from
wastewater samples by enrichment culture method. During
the degradation study, APAP acts as a source of carbon and
energy in the metabolic activity of tolerant isolates. The
biodegradation experiments were planned using Design-
Expert® software-based optimization. Other bacteria hav-
ing degradation potential of APAP have been harvested, and
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Haldane growth model was used for the analysis of the kinet-
ics of biomass growth and the results analyzed. Morphologi-
cal, physiological, and molecular studies are used for strain
characterization utilizing strain inherent properties based on
phenotypic and genotypic characteristics. Finally, 16S rRNA
gene sequencing was used for molecular identification of the
strain up to their species. The intermediate metabolite com-
pounds produced upon biodegradation have been identified
through gas-chromatography—mass spectroscopy (GC-MS),
PathPred, and a degradation pathway was proposed.

2 Materials and methods
2.1 Chemical and collection of samples

In this study, the chemicals and medium components were
purchased from Merck, Qualigens, HiMedia (Mumbai,
India), and Acetaminophen (99% purity, Sigma-Aldrich
USA). The wastewater samples were taken from the pulp
and paper industry in Yamunanagar, Haryana, India. The
samples were collected in sterile containers and stored in
refrigerated condition. The collected sample has biological
oxygen demand (BOD) of more than 1200, and the sample
was black and has a foul smell. The suspended particles and
debris were removed and filtered with Whatman filter paper
#1.

2.2 Isolation and screening of APAP degrading
isolates

Initial biodegradation experiments were set up in 250 mL
conical flasks having Bushnell Haas Medium (BHM,
HiMedia, India) as used in the study by Chopra and Kumar
(2020b) based on an enrichment culture method for isolation
of potential degrading bacteria. Further, the screening of
degrading bacterial isolates was performed up to 1500 mg/L
concentration of APAP. The degradation of APAP was
observed with the UV-spectrophotometer at OD,4s (Kesur
et al. 2012). The degradation percentage (R) was calculated

by Eq. (1)

G -G
R= x 100. (1)
CO

where C,, is the absorbance at the initial amount of APAP; C,
is the absorbance after incubation of the sample after time 't".

2.3 ldentification and characterization of APAP
degrading isolates

Morphological, biochemical, and molecular characteriza-
tion of APAP degrading isolates was performed as per the

standard methods. Biochemical tests were conducted per the
protocols mentioned in Bergey's Manual of Systematic Bac-
teriology (2012) and the laboratory manual by Cappuccino
and Sherman (2019). Gram staining of bacteria was done
using a staining kit, and biochemical characterization was
performed using HiBacillus identification kit KB0O13 (HiMe-
dia, Mumbai, India). Further, the alkaline lysis method
was used to isolate the genomic DNA of bacterial isolate
(Wilson 1987), and after that, polymerase chain reaction
(PCR) amplification was as per the conditions mentioned by
Chopra and Kumar (2020b) in their other study. Using 16S
rRNA universal gene primer 27F 5'- (AGAGTTTGATC-
MTGGCTCAG)-3' and 1492R 5’ (CGGTTACCTTGTTAC
GACTT)3'". 16S rRNA gene sequencing was performed with
Sanger sequencing. Finally, the evolutionary strain relation-
ship was inferred using the Neighbor-Joining (NJ) method,
and phylogenetic analyses were performed with Molecu-
lar Evolutionary Genetic Analysis software (MEGA 11.0,
https://megasoftware.net/) (Kumar et al. 2016).

The experimental data of biodegradation of APAP were
further subjected to the Haldane growth kinetics model,
which is the modified version of the Monod kinetics model
(Halden et al. 1997). Best fit was analyzed with Origin 2017
software (Deschenes LA, of Texas A 2000). Haldane growth
model kinetic analysis Eq. (2)

s
Kerst(2) @

i

H = Hmax

where 'u' is the specific growth rate of individual strain; p,,,,
is the maximum specific growth rate of strain after time 'f';
'S" is the amount of paracetamol (mg/L); 'K,' is half-satura-
tion constant (mg/L) and 'K}’ is inhibition constant (mg/L).
Further, the yield coefficient of the individual strain and lin-
ear regression were used by accessing Eq. (3)

X = Xy = Yy5(So = 5)s Q)

where 'X' and 'X|,' are the biomass of strain S1 at the time '/
and the initial amount of biomass strain S1 (mg/L), respec-
tively, and 'S" and 'S,,’ are the paracetamol concentration after
time '#' and the initial amount of paracetamol (mg/L).

2.4 Biodegradation study and identification
of degradation metabolites

To understand the biodegradation kinetics, the experimental
design, optimization of experiments, and statistical analysis
of APAP degradation by isolated trains were performed to
know the best fit of physical conditions, such as temperature,
pH, and rpm. Hence, the kinetic study of degrading biomass
was conducted using the method given in our other study
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Table 1 Biochemical characterization of APAP degradation by the individual strain of PPY2

Strain Malonate Voges Proskauer's Citrate ONPG

Nitrate reduction ~Catalase

Arginine  Sucrose Mannitol Glucose Arabinose Trehalose

PPY2 + Variable + - + +

- + + + + +

(Chopra and Kumar 2020b) and other similar studies (Zhang
et al. 2013; Palma et al. 2021; Zur et al. 2018b).

FTIR and GC-MS-based identification of metabolites
after biodegradation of the sample was conducted as per the
standard method given by the instrument manufacturer, and
consequently, the samples for this analysis were prepared
with the method described by Chopra and Kumar (2020b).
Finally, after investigation, a web-based tool, PathPred, was
used to predict the pathway of degradation of the metabo-
lites mediated by the strain of this study. Quantification of
degrading metabolites mediated by the isolated strain was
analyzed by comparing the percent relative peak area. Iden-
tification of the compounds was made by the comparison of
retention time (RT in minutes) and mass spectra data with
National Institute of Standards and Technology (NIST,
Gaithersburg, MD, USA), and WILEY library data of the
GC-MS system.

3 Results and discussion

3.1 Isolation and screening of APAP degrading
bacterial isolates

The enrichment technique isolated four bacterial isolates
from the pulp and paper industry wastewater during the
initial degradation. Finally, PPY2 was selected for other
studies due to its tolerance of up to 1500 mg/L of APAP.
This study indicated that the isolates have authentic APAP
degrading activity and were explored for further characteri-
zation. Zhang et al. (2013) observed that members of the
genera Stenotrophomonas and Pseudomonas were involved
in paracetamol in aerobic conditions. In bath culture study of
the organisms f1, f2, and fg-2 led to complete degradation of
paracetamol of 400, 2500, and 2000 mg/L at concentrations
or less concentration, respectively. In co-culture, degrade
4000 mg/L degraded and 87.1% of paracetamol. Further, two
key metabolites of the paracetamol biodegradation pathway,
4-aminophenol and hydroquinone, were observed in the deg-
radation culture. Another study characterized Pseudomonas
aeruginosa strain HI1012 as involved in the biodegradation
of paracetamol (Hu et al. 2013). Martinez-Hernandez et al.
(2016) envisaged the role of sorption and biodegradation
for removing Acetaminophen, carbamazepine, caffeine,
naproxen, and sulfamethoxazole in soil system and kinetic
analysis of degradation studied. Baratpour and Moussavi
(2018) studied enhanced biodegradation of Acetaminophen
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by H202 stimulated up-flow fixed-bed bioreactor (UFBR).
Zur et al. (2018a) studied the micropollutant paracetamol
and ibuprofen for their toxicity and genetic mechanism in
degradation. In another study, Zur et al. (2018b) charac-
terized Pseudomonas moorei KB4 strain for paracetamol
degradation and used 50 mg/L of paracetamol. Later, deg-
radation products, p-aminophenol, and hydroquinone, were
detected and thereby proposed the degradation pathway
of paracetamol. Further, this study can be helpful in the
treatment of wastewater contamination of paracetamol. In
co-metabolic conditions, bacterial strains utilize glucose.
Additionally, the degradation is influenced by many environ-
mental factors such as pH, temperature, and heavy metals.
Also, when degradation is mediated by immobilized cells of
Pseudomonas moorei KB4, by this strain, the degradation
rate is enhanced (Surma et al. 2021).

3.2 Characterization of APAP degrading bacterial
isolates

Through morphological and microscopic characterization, it
was found that the PPY?2 isolate was rod-shaped has Gram-
positive nature, and biochemical test results were conducted,
which showed the diverse metabolic potential of the isolates
(Table 1). DNA was isolated from them, and PCR was per-
formed using 16S rRNA gene sequence. After PCR ampli-
fication, about 1500 bp amplified 16S rRNA gene sequence
was obtained. The partial sequences of 16S rDNA were
obtained after the Sanger DNA sequencing method. There
was no chimera detected in the generated sequence after
analyzing with DECIPHER online analysis tool, and BLAST
analysis was performed for the sequence of PPY-2 isolate.
The result has shown that the isolate belonging to the Bacil-
lus licheniformis was closely matched to the Bacillus licheni-
formis strain CIIRC/M1 16S ribosomal RNA gene and the
partial sequence with a 98.22% similarity level. Further,
this sequence was submitted to NCBI, and accession num-
ber MN744328 was provided for the Bacillus licheniformis
strain PPY-2 16S ribosomal RNA gene, a partial sequence.
Finally, a Neighbor-Joining (NJ) phylogenetic tree was con-
structed for 14 strains selected from the NCBI database hav-
ing similarity detected with our strain, and APAP biodegra-
dation strain PPY-2 (Fig. 1). This resulted in 15 nucleotide
sequences, and codon positions at 1st+2nd + 3rd + noncod-
ing position have been seen. The ambiguous positions were
further removed for each sequence pair by employing the
pairwise deletion option, and of 1559 positions in the final
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dataset were detected, which were used for evolutionary
analyses. Lebaron et al. (1998) described the phenotypic and
genetic diversity for microbial characterization and showed
their utility in microbial identification.

3.3 Experimental design, optimization study,
and statistical analysis of biodegradation
by PPY-2 isolate

The best physical condition for the degradation of APAP medi-
ated by the strains PPY-2, the parameters A, pH; B, tempera-
ture; C, agitation speed; and D, the concentration of APAP,
were used. The BBD model has resulted in the form of a matrix
having experiments (Table 2) using the response surface study.
The quadratic design model was used to generate the matrix.
The experiments were performed in the laboratory with the
predicted set for the matrix. The APAP degradation percent-
age value was subjected to the matrix and further processed by
the BBD-quadratic model. Variance analysis (ANOVA) was
performed with the BBD-quadratic model for degradation by
the isolated bacterial strain PPY-2 (Table 3). The significant
nature of the model gives the value to the sum of squares of
23,347.36, degree of freedom (df) of 14 for each, mean square
of 1667.67, F value of 23.36, and p values of <0.0001. Fur-
ther, the report was generated based on predicted value with
reference to actual values. The contour plots and 3D plots have
been developed between two parameters: time vs percent deg-
radation of APAP (represented as AB vs percent degradation).
Similarly, contour plots and 3D plots were used to analyze all
other physical parameters (Fig. 2). Such 3D plots have shown
the effects of a physical factor on the degradation of APAP by
the strain PPY-2. Further, the response surface values have
been fitted in the equation, as given below

Yppyy = +90.14 —7.74A —0.56B + 3.66C + 1.38D + 2.50AB
+2.16AC + 9.48AD + 3.87BC — 7.18BD — 4.10CD
—53.03A — 15.56B% — 6.36C> — 13.99D?,

where Y is the predicted response (APAP degradation), A
(pH), B (temperature), C (APAP concentration), and D (agi-
tation speed) were the independent variables. They finally
decided the fate of biodegradation by the isolated bacte-
rial strain. Finally, the optimal values for the parameters,
viz., pH, temperature, agitation speed, and concentration of
APAP, were observed for PPY-2 were almost 7.7, 25 °C,
142 rpm, and the software optimized 621 mg/L.

NR 112629.1 Bacilus subtilis strain NBRC 13719 16S nibosomal RNA partial sequence
NR 112725.1 Bacilus mojavensis strain NBRC 15718 16S ribosomal RNA partial sequence
NR 112685.1 Bacilus amyloliquefaciens strain NBRC 15535 16S ribosomal RNA partial sequence

1 NR 041455.1 Bacilus amyloliquefaciens strain NBRC 15535 16S ribosomal RNA partial sequence

NR 113993.1 Bacillus sonorensis strain NBRC 101234 16S nibosomal RNA partial sequence

NR 113588.1 Bacillus licheniformis strain NBRC 12200 16S ribosomal RNA partial sequence

NR 024693.1 Bacilus mojavensis strain IFO 15718 16S ribosomal RNA partial sequence

—— NR 157608.1 Bacilus swezeyi strain NRRL B-41294 16S nbosomal RNA partial sequence

I NR 118996.1 Bacilus licheniformis strain DSM 13 16S ribosomal RNA partial sequence

NR 074923.1 Bacillus licheniformis strain ATCC 14580 16S ribosomal RNA partial sequence

NR 116023.1 Bacillus licheniformis strain BCRC 11702 16S nibosomal RNA partial sequence

—— @ MN744328.1 Bacilus licheniformis strain PPY-2 16S ribosomal RNA gene partial sequence

NR 104919.1 Bacillus tequilensis strain 10b 16S ribosomal RNA partial sequence

NR 112116.2 Bacilus sublilis strain IAM 12118 16S ribosomal RNA complete sequence

NR 024696.1 Bacilus valismortis strain DSM 11031 16S ribosomal RNA partial sequence
010

Fig. 1 Neighbor-joining phylogenetic tree for the biodegradation of
APAP by PPY-2

3.4 Batch culture degradation study

This research was carried out under optimal conditions in a
batch reactor of 20 L supplemented with PPY-2 to degrade
APAP in wastewater. A distinct chemical is generally found
in wastewater. APAP degrading batch growth kinetics and
biomass data were used for analysis. Such plots were utilized
in this study to determine the specific growth rate (u) for the
starting concentration of APAP. When the concentration of
APAP was raised, the specific growth rate of microorgan-
isms rose. However, after attaining V., further deteriora-
tion begins as APAP concentration increases (Fig. 3). APAP
degradation data subjected to the Haldane growth model
using Origin 2017 software. This model suggested that the
specific growth rate (u) for the strain PPY-2 was 721 mg/L
concentration (Table 4). Further, the 4, and half-saturation
constant were calculated.
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Table2 The BBD matrix for Run A: pH B: Tem- C: Agitation speed D: Concentration % Degradation of APAP by
Fhe .A.PAP degfadatlon by the perature of APAP PPY?2
individual strain of PPY2
°C (rpm) mg/L Experimental Predicted
1 9 10 250 1200 17 17.06
2 7 30 280 610 87 83.35
3 5 10 250 1200 26 20.31
4 5 42 80 20 15 10.90
5 5 10 80 20 12 11.72
6 9 50 80 1200 4 0.713
7 9 10 80 1200 14 9.10
8 7 6 165 610 14 24.83
9 5 50 250 1200 6 10.59
10 7 30 165 610 91 88.24
11 5 10 250 20 17 15.04
12 7 30 165 610 92 88.24
13 3 30 165 610 27 22.51
14 7 50 165 610 29 24.41
15 5 10 80 1200 21 27.83
16 7 30 165 5 73 74.77
17 7 30 165 610 90 88.24
18 7 30 165 1790 78 77.53
19 9 42 80 20 8 19.14
20 5 42 250 20 11 21.15
21 9 50 250 20 16 5.96
22 11 30 165 610 25 29.49
23 9 10 250 20 27 30.76
24 5 50 80 1200 10 9.46
25 7 30 60 610 68 72.38
26 9 50 250 1200 13 17.32
27 9 10 80 20 22 11.96
Table 3 .ANOVA for the APAP Source Sum of squares daf Mean square F value p value
degradation by the strain PPY?2
Model 23,347.36 14 1667.67 23.36 <0.0001
A—temperature 825.80 1 825.80 11.57 0.0053
B—pH 5.66 1 5.66 0.0793 0.7830
C—agitation speed 201.14 1 201.14 2.82 0.1191
D—concentration of APAP 10.14 1 10.14 0.1420 0.7129
AB 85.07 1 85.07 1.19 0.2964
AC 63.83 1 63.83 0.8940 0.3630
AD 498.59 1 498.59 6.98 0.0215
BC 237.26 1 237.26 3.32 0.0933
BD 353.69 1 353.69 4.95 0.0460
CD 115.46 1 115.46 1.62 0.2276
A? 13,467.42 1 13,467.42 188.64 <0.0001
B? 6312.78 1 6312.78 88.42 <0.0001
c? 27491 1 27491 3.85 0.0733
D? 540.06 1 540.06 7.56 0.0176
Residual 856.71 12 71.39
Pure error 2.00 2 1.0000
Cor total 24,204.07 26
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Fig.2 Optimization of the physical condition of PPY-2 isolate, a graph between predicted and actual values, b graph between residuals and pre-
dicted values, ¢ contour plots between temperature and pH, and d 3D plots between temperature and pH

3.5 Metabolite analysis and pathway prediction

The distinctive bands of degradation of APAP by Bacillus
licheniformis strain PPY-2 were detected using FTIR in CIL,
DCRUST. Due to the low dosage of APAP utilized in this
work, weak spectra were seen. An sp2 C—H stretch band at
3098.98/cm indicates the alkane portion. Several bands in
the range stated the existence of aromatic rings. The CO
band may be found at 2070.97/cm. At 1621.56/cm, charac-
teristic C=C vibration stretch bands were observed. Between
3681 and 4000/cm, overtone combo bands develop. Hydrox-
ide, carbon-hydrogen, and nitrogen—hydrogen stretching
caused vibrations between 4000 and 2500/cm. Hydroxide
stretching has a broad range of 3700-3600/cm, whereas NH
stretching is between 3400 and 3300/cm. R—OH ranges from
2500 to 3000. Para-substituted aromatic compounds have
an out-of-plane CH bending at 736.23/cm and phenol O-H
stretching at 3550-3500.

Many metabolites were formed by APAP biodegradation
and were investigated by GC-MS in hexane extract. The
gas chromatogram revealed 76 peaks, each representing a
separate metabolite eluting close together (retention times of
17.709-51.510). The library of gas chromatogram peaks is
generated by mass spectroscopy. GC-MS analysis findings

demonstrate that no APAP residue was left in the batch
culture. This implies that PPY-2 uses APAP as an energy
source and can remove APAP from wastewater. After 48 h,
the color of the media shifted from white to brown and then
to black after 5 days. The degrading response is now under-
way. It is critical to understand the metabolic mechanism
of APAP degradation by PPY-2 for the degradation inves-
tigation. The APAP catabolic pathway metabolites were
definitively identified as oxalic acid, 2-isopropyl-5-methyl
cyclohexanone, and phenothiazine. Many studies have indi-
cated the characterization of bacteria for paracetamol as a
carbon and energy source for isolated strains of bacteria.
There metabolic pathways for paracetamol biodegradation
have also been suggested (Gusseme et al. 2011; Zhang et al.
2013; Karaman et al. 2016) Such as isolated strains from the
genera Stenotrophomonas and Pseudomonas (Zhang et al.
2013), Pseudomonas aeruginosa based biodegradation by
the isolated strain from activated sludge (Karaman et al.
(2016). In the metabolic pathway for paracetamol biodeg-
radation, the first metabolites 4-aminophenol and hydroqui-
none produced (Zhang et al. 2013; Karaman et al. 2016), and
Pseudomonas aeruginosa strains STB2 and STB4 degraded
79.4% and 88.4% of paracetamol (with a concentration of
3000 mg/L), respectively, observed in 120 h (Abdullah et al.
2018) and the similar results obtained in this study. After
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Fig.3 Biomass kinetics of strain in a batch reactor: a biodegradation of APAP in a batch reactor, and b Haldane's growth model between the
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Table 4 The Haldane growth kinetics for the degradation of APAP by
PPY-2

Strain Specific growth Maximum specific Half-
rate growth rates saturation
constant
(mg/L) Hax (D) K, (mg/L)
PPY2 721 0.181 237

batch incubation, intermediates compound obtained dur-
ing the degradation of APAP were identified by GC-MS
analysis. Published reports on APAP confirmed the deriva-
tives obtained by the mass spectra library. The degradation
of APAP was analyzed by GC-MS, leading to identifying
compounds such as oxalic acid and 2-isopropyl-5-methyl
cyclohexanone based on the query submitted to the PathPred
server. The predicted pathway was similar to that of Chopra
and Kumar (2020b).

Palma et al. (2021) studied the biodegradation of par-
acetamol by Gram-positive bacteria. Alobaidi et al. (2021)
explained the biodegradation of emerging pharmaceuti-
cals by membrane bioreactor from domestic wastewater.
Hasan et al. (2021) described the biodegradation potential
of salicylic acid, acetaminophen, and ibuprofen through
bacteria isolated from a full-scale drinking water biofilter.
Grignet et al. (2022) reviewed the environmental implica-
tions of medicines as emerging contaminants, which need
to be given attention. They suggested the medicines as the
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emerging contaminant that need a special attention in the

current scenario. Water of medicines might have a prolonged

effect on the ecosystem, and metabolites from medicines

disrupt microbial dynamics in the ecosystem. Therefore, in

this direction, bioremediation act as the efficient end eco-

friendly technology, which can be used in water treatment

to reduce the load of emerging contaminants. Muras et al.

(2021) explained the importance of Bacillus licheniformis in

various sectors like producing bioactive compounds, food,

aquaculture, biomedicine, pharmaceutical industry, biore-

mediation, biomineralization, etc. By considering the iso-

lated strain further applications, this study can be further
deployed in bioremediation programs or industrial biotech-
nology. More recently, Rios-Miguel et al. (2022) described
the application of uncharacterized amidases enzyme in par-
acetamol degradation, and they isolated two Pseudomonas
sp. isolates from wastewater treatment plants. They tolerated
200 mg/L of paracetamol in 10 h, releasing 4-aminophenol
as a degradation intermediate. Pseudomonas strain PrS10
recovered from pharmaceutical effluents, which has high-
est paracetamol degradation potential of 96.37% in 7 days
(Poddar et al. 2022). Hence, such study, further, helps to
boost our knowledge of microorganisms’ role in the biodeg-
radation of pharmaceutical compounds and the diversity of
amidase enzymes that may have a role in paracetamol deg-
radation in wastewater treatment plants (WWTPs).
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4 Conclusion

Paracetamol is a common drug pain reliever and is used
in treating fever in humans. But due to its continuous use,
it is causing contaminates in different water bodies by the
release into the environmental ecosystem. Therefore, there
is a need for decontamination of the biological source con-
taminated with APAP. Hence bioremediation technology can
be employed for the remediation of such compounds from
the environment. Bacillus licheniformis strain PPY-2 was
reported in the present work, and this strain successfully
degraded the APAP in the batch culture study. This study
indicated that the isolated strain could grow on an APAP-
containing medium, and the strain mediated the transforma-
tion of this compound.
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