Hindawi

Evidence-Based Complementary and Alternative Medicine
Volume 2022, Article ID 2750009, 10 pages
https://doi.org/10.1155/2022/2750009

Research Article

Oxytetracycline Degrading Potential of Lysinibacillus sp. Strain
3+1 Isolated from Poultry Manure

Suruttaiyan Sudha,’! Nivethitha Parthasarathi,’ Duraisamy Prabha,!

Palanivel Velmurugan )2 Subpiramaniyam Sivakumar,’ Vijayakumar Anitha®),
Anupama Shrestha ,%% Arunachalam Chinnathambi,® Sulaiman Ali Alharb,®
and Perumalsamy Lakshmanaperumalsamy’

1

IDepartment of Environmental Sciences, Bharathiar University, Coimbatore, Tamil Nadu, India

2Centre for Materials Engineering and Regenerative Medicine, Bharath Institute of Higher Education and Research, Selaiyur,
Chennai 600073, Tamil Nadu, India

Department of Bioenvironmental Energy, College of Natural Resources and Life Science, Pusan National University, Miryang-Si,
Gyeongsangnam-do 50463, Republic of Korea

*Department of Plant Protection, Himalayan College of Agricultural Sciences and Technology, P.O. Box 44600 Kalanki,
Kathmandu, Nepal

®Research Institute of Agriculture and Applied Science, 2356 Tokha, Kathmandu, Nepal

®Department of Botany and Microbiology Department, College of Pharmacy, King Saud University, Riyadh 11451, Saudi Arabia

Correspondence should be addressed to Anupama Shrestha; anupamas.fac.ag@hicast.edu.np
Received 8 January 2022; Accepted 18 February 2022; Published 24 March 2022
Academic Editor: Hiwa M. Ahmed

Copyright © 2022 Suruttaiyan Sudha et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Oxytetracycline (OTC) which is a broad-spectrum veterinary tetracycline antibiotic is extensively used in poultry farms as a
prophylactic, therapeutic, and growth stimulator. Upon administration, unmetabolized OTC is excreted from the animal body
through droppings and accumulated in litter in the poultry industry. This study aimed at investigating the OTC degradation
potential of an-OTC tolerant bacterial strain, isolated from poultry manure. The isolated strain’s morphology, biochemical
properties, and 16S ribosomal RNA (rRNA) gene sequence confirmed that it belonged to the Lysinibacillus genus. To measure the
residual OTC concentration, a high-performance liquid chromatography method was used. OTC degradation rates were
2.579 mg L~'d"" with Lysinibacillus strain 3+I and 1.149 mg L~'d™" without Lysinibacillus strain 3+L. In the presence of strain 3+,
the half-life significantly reduced to 2.68 days, compared to 6.03 days without strain 3+I. The strain demonstrated 85% removal
with the OTC concentration of 10 yg/ml. The influence of pH, temperature, carbon sources, and nitrogen source, which influence
degradation, were also investigated. The optimum condition favouring degradation was pH 6 at a temperature of 30°C. In
addition, Lysinibacillus sp. strain 3+I’s ability to degrade OTC in poultry litter offers a promising approach to treat poultry manure
and effluent containing OTC, preventing its contamination in the environment.

1. Introduction

Oxytetracycline (OTC) is a broad-spectrum antibiotic that is
used in livestock, particularly poultry, due to its high rate
range of application in livestock [1]. For growth promotion
and disease prevention, chickens are commonly given OTC
through their feed and water. In the poultry industry,

oxytetracycline is used to treat diseases such as chronic
respiratory disease, infectious coryza, and fowl cholera [2, 3].
Veterinary antibiotics are excreted unchanged either as the
parent compound or as their metabolites (epimers or iso-
mers) in urine and feces (70-90%, depending on the species)
from the animal’s gut because of low absorption and in-
adequate metabolic rates in the animal’s gut after
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administration [4-6]. Since livestock manures are loaded
with antibiotics, they are a major source of OTC, as they are
applied to agricultural fields as fertilizers. Antibiotics present
in soil have negative effects on the environment because they
are difficult to degrade in the environment, even at very low
doses, distressing crucial ecological activities facilitated by
microbes such as nutrient regeneration, biogeochemical
cycles, and contaminant degradation [7]. OTC residues have
been found in chicken products, poultry droppings, and
chicken by-products [8-12]. Considering that the by-
products from poultry droppings are used in the production
of feed for other animals and that the poultry manure is used
for fertilizing, it is of great relevance that OTC is found in
poultry droppings [6, 13] resulting in the contamination of
soil and water, thus challenging public and animal health. At
low concentrations, OTC and its metabolites increase the
development of antibiotic-resistant bacteria (ARB) and
accelerate the development, mobilization, and transmission
of antibiotic-resistant genes (ARG) [14, 15]. This results in
altering the microbial community structure in the envi-
ronment, consequently affecting human and animal health
[16]. ARGs against pathogens are primarily found in soil,
surface water, and ground water [17, 18]. OTC has been
reported to be present in soils at parts per million levels
because of recurrent applications of manure, occasionally
exceeding the 100-ppm level [19], thus adversely affecting
soil microbial communities [20], thereby triggering the
development of antibiotic resistance genes [21-24].
According to reports, Danish soil levels of OTC are between
2.5 and 50 mg-g " and in pig manure levels are between 33
and 2000 mg-g ' [25]. It is also possible for soil borne an-
tibiotics to be absorbed by various crops and thus enter the
food chain [26]. Current measures for the removal of an-
tibiotics include adsorption [27], precipitation [28], irradi-
ation [29], hydrolysis [30], and biodegradation [31].
Composting and anaerobic digestion assisted by the addition
of amendments such as sawdust and biochar have also been
reported, which speed up the reaction to reduce antibiotics
in manures [32, 33]. Comparatively, biodegradation can be
viewed as a feasible technology for scavenging OTC from the
environment; low cost and simple operation are some of its
potential advantages [34]. Most of the reports pertaining to
OTC removal by bacteria were assessed for their removal
from wastewater facilities. Migliore et al. [35] reported the
complete degradation of 100 ug ml™1 of OTC by the fungus
Pleurotus ostreatus SMR684. Corcoran et al. [36] studied the
pharmaceuticals that are affecting some of the fish species in
the aquatic environment. Moreover, Maki et al. [37] proved
as an evidence that tetracycline can be degraded by mi-
crobes. The removal of OTC by B. cereus has been estab-
lished by Dharmadasa et al. [38], with 56 percent of OTC
elimination in a 14-day timeframe. The ability of the lig-
ninolytic fungi in the degradation of different pharmaceu-
tical compounds such as ibuprofen, citalopram, diclofenac,
sulfamethoxazole, carbamazepine, and naproxen has also
been reported [39]. The tolerance of Acinetobacter, Steno-
trophomonas maltophilia, and Aeromonas veronii to OTC in
freshwaters of Ireland has been reported by Ding et al. [40].
A reduction of 78.78% of OTC was demonstrated with the
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bacterial strain Ochrobactrum sp. KSS10 [41]. This study was
conducted in view of the facts above in order to determine
whether Lysinibacillus 3+1 from poultry manure could
remove OTC from aqueous solutions.

2. Materials and Methods

2.1. Sample Collection. Poultry manure was collected from
the piled-up manures of five poultry farms randomly located
at Coimbatore, Tamil Nadu, India. During August 2019,
poultry litter per farm per week was collected using a shovel.
We collected manure samples and stored them at —20°C in
sterile vials. Homogenised samples were used for the
experiments.

2.2. Chemicals and Media. For this study, Sigma-Aldrich (St.
Louis, MO, USA) provided oxytetracycline of high purity
(98%). Inorganic salt medium (ISM) was comprised
of —(NH4)2504 (2.0g), K,HPO, (0.5g), and NaH,PO,
(0.5g) adjusted to pH 7.0. Growth media—nutrient broth
and nutrient agar, Mueller-Hinton agar, and OTC (g/l)
constituted of (NH4)2SO4 (2.0g), K,HPO, (0.5g), and
NaH,PO, (0.5 g). The solid medium contained 20 grams of
agar per litre. Hi-Media provided commercial-grade anti-
biotic susceptibility discs for six antibiotics: tetracycline,
gentamicin, ceftriaxone, oxytetracycline, erythromycin, and
vancomycin. Merck provided acetonitrile and methanol of
high-performance liquid chromatography grade.

2.3. Strain Enrichment and Isolation. One gram of poultry
manure was transferred to a 250-ml Erlenmeyer flask
containing 100ml of inorganic salt medium (ISM) con-
taining 100 g/ml of OTC. Incubation was carried out at 30°C
and 150 rpm/min on a reciprocal shaker for seven days. One
ml of this mixture was added to fresh ISM media containing
OTC, after every seven days. This was performed four times.
The same amount of enrichment culture that exhibited
maximum growth with OTC was transferred into sterile test
tubes and mixed with 9 ml sterile distilled water, and then
serially diluted 10-fold. By using the spread plate technique,
1 ml of the serially diluted culture was inoculated onto OTC-
ISM agar plates with 100 yg/ml OTC and incubated at 30°C
for 48 hours. Using OTC as the sole carbon source, we
isolated colonies based on their ability to grow. Using the
OTC-ISM agar medium again, the effectiveness of the
growth was confirmed at incubation intervals of 0, 1, 2, 3, 5,
7, 14, and 21st days with 100 ug/ml of OTC in ISM broth at
30°C, pH 7.0 and 150rpm. The growth of the isolated
bacteria was determined with a UV-Visible Spectropho-
tometer (Shimadzu, UV 1800). We chose to investigate the
OTC-degrading efficiency of the strain showing maximum
growth.

2.4. Strain Identification. According to the bacterial iden-
tification manual, the physiological and biochemical prop-
erties were determined.
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2.5. Cell Morphology. Scanning electron microscopy
(Quanta 200, Icon Analytical Manufacturer) was employed
for the observation of the morphological features of the
isolated strain.

2.6. Biochemical Identification. A series of tests, which in-
cluded starch hydrolysis, urease utilization, hydrogen sul-
phide production, tests for catalase, methyl red and
carbohydrate fermentation, indole production, oxidase and
citrate utilization, and gelatine liquefaction, were carried out
(Bergey’s Manual of Systematic Bacteriology).

2.7. Maintenance of Pure Culture. The pure cultures were
kept at —20°C in nutritional broth with 15% glycerol and
maintained in a refrigerator. Continuous subculturing on
ISM agar was performed every 10 days to avoid any con-
tamination and other problems.

2.8. Molecular Identification. As described in our previous
study [42], we performed 16srRNA sequencing analysis
following the method of [43]. We extracted the strain’s
genomic DNA and amplified it using bacterial primers 27 F
(5" AGAGTTTGATCMTGGCTCAG 3') and 1492 R (5'
TACGGYTACCTTGTTACGACTT 3’) in polymerase chain
reaction using the following thermal cycling conditions:
94°C for 3 min, 30 cycles of 30 seconds each at 94°C, 60°C,
72°C, and a terminal step at 72°C for 10 minutes [43].
Montage PCR Clean-up Kit (Millipore) was used to remove
unincorporated PCR primers and dNTPs from PCR prod-
ucts. In this case, 27F/1492R primers were used to sequence
the PCR product. AmpliTaq® DNA polymerase (EFS enzyme)
was used in the sequencing reactions (Applied Biosystems)
with an ABI PRISM® BigDye™ Terminator Cycle Se-
quencing Kit. In the National Centre of Biotechnology
Information (NCBI), the results of the nucleotide sequence
analysis were submitted to BLAST analysis (https://blast.
ncbi.nlm.nih.gov) in order to generate a universal accession
number. Molecular Evolutionary Genetics Analysis Tool
(MEGA-X) was used to construct a phylogenetic tree using
query and control sequences.

2.9. Phylogenetic Tree Construction. Utilizing MEGA-X
(Molecular Evolutionary Genetics Analysis Tool), a phylo-
genetic tree was constructed from queries and control se-
quences by the neighbor-joining method, which is based on
the Jukes—Cantor model. A neighbor-joining method was
used to infer the evolutionary history [44]. Bootstrap con-
sensus trees were derived using 1000 replicates [45]. In this
case, it is interpreted as representing the evolutionary history
of the taxa examined [45]. A partition is collapsed if it has
been replicated in fewer than 50% of bootstrap replications.
On the branches of the trees, the percentage of replica trees is
shown in which the associated taxa clustered together in the
bootstrap test (1000 replicates) [45]. A Jukes-Cantor method
[46] was used to compute evolutionary distances. Units of
the evolutionary distance are the number of base substitu-
tions per site. The analysis involved 11 nucleotide sequences.

The partial deletion option was utilized for positions with
less than 95% site coverage, thus allowing for fewer than 5%
alignment gaps, missing data, and ambiguous bases (partial
deletion option). A total of 1257 positions were included in
the final dataset. MEGA-X was used to carry out the evo-
lutionary analyses [47].

2.10. Susceptibility Tests for Antibiotics. The isolate was
subjected to the antibiotic susceptibility test following the
disc diffusion method [48, 49] for six different antibiotics,
namely, gentamycin, tetracycline, oxytetracycline, vanco-
mycin, erythromycin, and ceftriaxone. Discs of antibiotics
were incubated at 30 degrees Celsius for 24 hours on
Mueller-Hinton agar plates inoculated with pure cultures of
the isolate. The diameter of the zone of inhibition was
measured based on Vlkova et al. [50], and the zones were
divided into sensitive zones (>21 mm), intermediate zones
(16-20 mm), and resistant zones (<15 mm).

2.11. OTC Degradation in Culture Solution by the Strain 3+1.
The potential of the strain 3+I to degrade OTC along with
their corresponding cell growth was estimated over a period
of 7 days. Timed sampling and dilution counting was
employed to calculate OTC removal efficiency and cell
growth. To measure growth, we quantified colony-forming
units (CFU) on agar plates, and residual OTC concentra-
tions were measured using high-performance liquid chro-
matography. We developed the isolate’s dynamic curve by
mixing 100 ml of ISM with 10 g/ml OTC at a pH of 7.0 with
3% precultured bacteria and then inoculated the flasks at
30°C and 150 rpm on a shaker. To evaluate the optimum
conditions for the degradation of OTC, experiments were
performed by varying the initial concentrations of OTC
(1-25 ug/ ml), pH (5-9) temperatures of 20, 30, 35, 40, and
45°C, nitrogen sources such as KNO;, NH,NO;, NH,Cl, and
NaNOj;, and carbon sources including sucrose, glucose,
starch, and fructose.

2.12. Stock and Standard OTC Solutions. Dissolve 10 mg of
OTC in 10 mL of HPLC-grade water to make OTC stock
solutions of 1 mg/ml. Amber glass vials were used to prevent
the photodegradation of stock solutions. We diluted the
stock to produce 1, 2, 3, 10, and 50 pg/ml concentrations for
the calibration curve.

2.13. Mobile Phases and Preparation of Samples.
Acetonitrile and oxalic acid (10 mM) in the ratio9:1and 2: 3
ratios were employed as mobile phases to elute OTC. The
mobile phases were sonicated for 5 minutes prior to use. For
HPLC determination, aliquots of 0.5 ml were taken from the
broth culture on days 0, 1, 3, 5, and 7, and transferred to a
sterile 1.5-mL microcentrifuge tube. 0.5 mL extracting sol-
vent comprised of 1N HCl+100% acetone+2g/L
Na,EDTA, was added to the tube, vortexed thoroughly, and
subject to 15-minute sonication. This mixture was then
centrifuged for 1 minute at 14000 rpm. The supernatants
collected with a syringe were filtered through 0.45-m
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hydrophilic PTFE Millipore Millex syringe filter [51] into a
sterile microcentrifuge tube. The experiments were per-
formed in triplicate. Percent degradation was calculated as
follows:

C

initial —

residual
1
L g

>

degradation efficiency (%) =
initial

where C denotes the OTC concentration in the culture
solution.

2.1.4. Statistical Analysis. This study used Microsoft Office
Excel 2010 (Microsoft, Inc., Redmond, WA, USA) for data
processing. The error bars in the figures indicate the mean
and standard deviation (mean * SD) of the results (n=3).
An unpaired t-test was used to analyze changes in the rate of
OTC degradation with and without Lysinibacillus sp. 3+1.
DMRT was performed with SPSS (version 25) to optimize
parameters based on the data.

3. Results

3.1. Isolation and Identification of OTC Degrading Strains.
We isolated ten different bacterial colony types from poultry
manure and grew them on 100 yg/ml OTC agar medium. The
isolate OTC-6 showed a higher growth (8.46 +0.02 log CFU/
ml) with OTC and hence selected for further study. This isolate
was labelled as 3+I for experimental purposes. The isolated
strain was identified as rod-shaped, Gram-positive bacteria that
could form spores and was creamy white in colour as observed
from the morphological and biochemical analysis. The scan-
ning electron micrograph (SEM) of Lysinibacillus 3+1 revealed
the cells as rod-shaped and smooth (Figure 1). The biochemical
tests showed the isolate to be positive for lactose, sucrose,
glucose, starch hydrolysis, catalase, methyl red, and H,S
production and negative for urease, indole utilization, citrate,
gelatin, and oxidase.

3.2. Molecular Characterization of Strain 3+I. Both strands
of the 16S rRNA gene sequence of the isolate were sequenced
using PCR techniques using 16S rRNA universal primers
(Figure 2). In the National Centre of Biotechnology Infor-
mation (NCBI), the resulting nucleotide sequences were
submitted to BLAST analysis (https://blast.ncbi.nlm.nih.
gov) and deposited in the GenBank database (MN435620)
for universal accession. Using Molecular Evolutionary Ge-
netics Analysis Tool (MEGA-X), a phylogenetic tree was
constructed using query and control sequences. BLAST
analysis of the 16S rRNA sequence of the isolate exhibited
close similarity to the genus Lysinibacillus, based on its
biochemical and morphological characteristics.

3.3. Susceptibility Tests for Antibiotics. The susceptibility tests
performed using various antibiotics such as gentamicin,
tetracycline, erythromycin, ceftriaxone, vancomycin, and
oxytetracycline showed resistance of the isolate 3+I to the
studied antibiotics. The zone of inhibition was measured to
be 7.6, 8.2, 7.9, 7.3, 7.6, and 8.7, respectively. In accordance
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with Vlkova et al. [50], zones of inhibition exhibited by the
isolate were less than <15 mm implying that the isolate was
resistant to the tested antibiotics.

3.4. OTC Removal by Strain 3+1. OTC removal efficiency
and growth of strain 3+I were evaluated for a period of 7
days with 10 ug/ml of OTC as initial concentration. The cell
count increased with an increase in the incubation time,
ranging from 7.0 to 8.61 log CFU/ml (Figure 3), with a
reduction in the OTC concentration in the culture solution.
Strain 3+I exhibited a significant degradation of 85% over a
period of 7 days. OTC concentration was determined by
calculating the difference in concentrations between the first
(Ist) and the final (7th) days of incubation.

3.5. Biodegradation Potential of Strain 3+I. Using first-order
kinetics, the degradation data showed a significant reduction
in the OTC concentration with increasing days, with an R, of
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Figure 3: This phylogenetic tree shows the relationship between Lysinibacillus species according to the neighbor-joining method.

0.97. With strain 3+I in the medium, the degradation rate
was found to be 2.579 mg/L/d, which is considerably higher
than 1.149 mg/L/d in the abiotic control medium (without
strain 3+I), denoting that strain Lysinibacillus sp. 3+ had an
impact on the reduction of OTC from the medium. In the
presence of strain 3+1I, 2.68 days was recorded as half-life for
OTC in the medium, which is significantly less than the
control of 6.03 days suggesting such that microbial degra-
dation is superior to abiotic processes.

To find the best parameters for boosting OTC removal,
the elimination of OTC and cell development of strain 3+I
under a variety of culture conditions, including variation
in temperature, initial OTC concentrations, pH, carbon,
and nitrogen sources were studied. Removal efficacy of
OTC at the end of 7 days at 30°C was 89, 92, 85, and 81
percent, respectively, for OTC concentrations of 1, 5, 10,
and 25 ug/ml, and the degradation efficiency was highest
(92 percent) with 5ug/ml OTC concentration. The cell
growth recorded was higher at 10ug/ml recording
8.47CFU/ml and was lower at 5pug/ml, which was
8.28 CFU/ml (Figure 4(a)). As observed from the results,
10 ug/ml of OTC concentration would have reduced the
effectiveness of the organism when compared to 5 ug/ml.
This may be attributed to the low bioactivity of the or-
ganism under high OTC stress. A similar concept has been
explained by Wu et al. [52]. Hence, higher removal
percentage would have been observed when the OTC
concentration was 5pug/ml. At lower substrate concen-
tration (5 ug/ml), bacterial cells utilize the substrate at a
breakaway time. When the concentration of the substrate
is depleted (>90%), the bacterial cells die due to the non-
availability of substrate. Hence, the viable cell count
(CFU) is less on the 7th day. At a higher concentration, the
substrate is still available on the 7th day, and hence, the
number of viable cells (CFU) is at higher level. The death
of bacterial cells has not commenced yet. If the incubation
is prolonged further and the degradation reaches >90%,

the growth of the organism would have gradually declined
due to want of substrate and the number of CFU will come
down. When the temperature was raised from 20°C to
45°C, the average degradation was 68, 89, 75, 75, and 70%,
respectively (Figure 4(b)). During the reaction time, the
OTC degradation first increased (20-35°C) and then
dropped (35-40°C) as the temperature increased. Maxi-
mum degradation was observed at 30°C (89%). Moreover,
as the pH increased from 5 to 9, the average OTC deg-
radations of 48, 96, 94, 95, and 67% were achieved within 7
days, respectively. Maximum removal (96%) was facili-
tated when the pH of the culture medium was 6
(Figure 4(c)). When additional carbon sources such as
sucrose, glucose, starch, and fructose were supplemented
in the growth medium, the degradation was improved
only to a maximum of 14% with sucrose. The degradation
efficiencies recorded for sucrose, starch, glucose, and
fructose were 97, 92, 95, and 67%, respectively
(Figure 4(d)). Similarly, nitrogen sources added to the
growth medium such as KNO;, NH,;NO;, NH,CI, and
NaNOj resulted in 82, 94, 93, and 96% degradation effi-
ciencies, respectively (Figure 4(e)). With the addition of
nitrogen sources, the degradation was improved maxi-
mum only by 13%. These results suggested that strain 3+I
does not require additional nitrogen supplements to de-
grade OTC. Abiotic control samples without the inocu-
lation of strain 3+1 were performed in parallel to compute
the OTC degradation by abiotic factors. The abiotic
control growth medium consisted of sterile ISM media
spiked with 10 ug/ml OTC, without the inoculation of
strain 3+I. Experimental conditions were similar as in the
biodegradation experiments with the strain 3+I, and the
experiments were performed in triplicate. OTC degra-
dation percentage was significantly high in the inoculated
cultures (85%) when compared to the abiotic control
(54%) (Figure 5) indicating 36% higher degradation ef-
ficiency of strain 3+I than the abiotic control.
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Figure 5: OTC removal with and without the inoculation of
Lysinibacillus 3+1.

4. Discussion

In the present investigation, the strain 3+I that showed good
tolerance to OTC was isolated out of ten bacterial strains from
poultry manure. Biochemical characterization revealed that
the strain was Gram-negative, motile, rod-shaped bacteria
with an ability to form spores and the colony was circular oat
meal in colour with smooth edges [53]. The 16S rRNA se-
quence identification shows that strain 3+I has higher sim-
ilarity with the genus Lysinibacillus. In seven days, strain 3+I
was capable of removing 85 percent of OTC, according to the
findings. The growth curve and degradation dynamics
demonstrated a negative correlation, where an increase in cell
growth and time resulted in a drop in the OTC concentration.
A positive correlation existed between cell biomass and
degradation efficiency. Our results are in par with the findings
of Li et al. [16], which reported the degradation of 17p-es-
tradiol by strain E2S. Several species of bacteria have been
reported to be tolerant to OTC—Acinetobacter, Steno-
trophomonas maltophilia, and Aeromonas veronii [40], and
flavobacterium strains [37] which showed 50% removal of
OTC. Harrabi et al. [54] have reported the potential of mi-
crobial communities derived from the estuarine regions to
degrade OTC. Shi et al. [55] reported OTC degradation by A.
nicotianae strain OTC-16 from aqueous media as well as from
manure samples. Abiotic control experiments in the absence
of strain 3+I showed 54% removal of OTC, which was sig-
nificantly less when compared to the experiments in the
presence of strain 3+1 (85%). As reported by Shi et al. [55] and
Harrabi et al. [54], hydrolysis may have contributed to OTC
degradation in an aqueous environment, but combined
degradation due to hydrolysis and microbial degradation
resulted in an increase in OTC removal overall. According to
Harrabi et al. [54], microbial communities isolated from
estuarine sediments are capable of removing OTC despite the
influence of abiotic factors. Enhanced degradation by strain
3+I as indicated by the reduction in half-life (2.68 days) in
experiments in the presence of the strain when compared to
abiotic control experiments without the strain (6.03 days)

suggests that microbial degradation outstands abiotic deg-
radation. With the increase in the concentration of OTC, a
gradual decrease in the percent removal was observed.
However, removal was low at 1ug/ml OTC (89%) when
compared to 5ug/ml OTC (92%), which may be because of
the less availability of OTC to the organisms as has been
reported by Ruan et al. [56]. It has been reported that the
decreased degradation at a higher concentration of OTC may
be due to the toxicity of OTC at higher or its metabolites in
diminishing the degradation ability of the strain [57]. When
pH was varied from 5 to 9, the degradation was efficient up to
in the pH range 6-8, with the highest removal at pH 6 (96%),
whereas it dropped to 66% at pH 9, and the least removal in
pH 5 (48%), indicating that the organism could be effective in
the wide range of pH 6-8. Lower growth and OTC removal at
pH 5 and 9 may be due to the disturbance in the synthesis of
enzymes and their associated activities [58]. OTC degradation
efficiencies were obtained by maintaining the growth medium
at 20°C, 30°C, 35°C, 40°C, and 45°C. At each temperature, 68,
89, 75, 75, and 70% of the OTC was degraded. The average
degradation of OTC was first increased and then reduced as
the temperature increased from 20°C to 30°C (Figure 4(b)).
30°C (89%) was found to be the ideal temperature for OTC
degradation. Microbial processes are affected by the tem-
perature of the growth medium since microorganisms must
have a temperature that is conducive to cellular enzyme
activity as well as the reaction rate of the cells [41]. Ochro-
bactrum sp. decreased its degradation efficiency as temper-
ature increased, as reported by Shao et al. [41]. As the reaction
progressed, KSS10 increased from 20 to 35°C and then de-
creased from 35 to 40°C. When diverse carbon sources (su-
crose, starch, glucose, and fructose) were applied to the
growth media, the maximum improvement in removal effi-
ciency by 13% was observed only with sucrose, whereas
fructose decreased the removal by 20%, indicating that the
strain was able to use OTC as its primary carbon source, thus
eliminating the need for additional carbon sources. A similar
trend was observed when diverse nitrogen sources were
supplemented to the media (ammonium nitrate, potassium
nitrate, sodium nitrate, and ammonium chloride), which
enhanced removal only by 13% with ammonium chloride.
The ability of bacteria to effectively degrade OTC is said
to be associated with enzyme productions such as manga-
nese peroxidase [59], laccase [60], glutathione S-transferases
[61], and tetracycline inactivating monooxygenase [62-64].
Hence, the degradation of OTC by Lysinibacillus 3+ can be
considered to share a similar degradation process. The study
shows Lysinibacillus 3+1, which is able to utilize OTC for its
carbon requirement and operating at pH 6 and 30°C as an
appropriate candidate for removing OTC from poultry
manure, thus reducing the additional expenditure of adding
supplement nutrients to provide optimum conditions.

5. Conclusion

To restore our ecosystem and maintain the global carbon
cycle established through bioremediation, microorganisms
play a critical role. Based on the results of the current study,
it is understood that microbes have the ability to clean up



contaminants in the environment and could be used as a
green instrument for the removal of environmental pol-
lutants. OTC-degrading bacteria have demonstrated their
ability to contribute to efforts to mitigate OTC’s environ-
mental and public health hazards, and as such, they should
be the subject of future research. Our results shows that
Lysinibacillus 3+1 isolated from poultry manure could sig-
nificantly remove OTC. This organism can be suggested as a
suitable candidate for in-depth research and further for
incorporation in poultry wastewater pretreatment.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

All authors declare that they have no conflicts of interest.

Acknowledgments

The author S. Sudha is grateful to Bharathiar University,
Tamil Nadu, India, for a research grant (URF). The author
Anupama Shrestha thanks the Himalayan College of Ag-
ricultural Sciences and Technology, Kalanki, Kathmandu
Nepal. This project was supported by Researchers Sup-
porting Project number (RSP-2022/5) King Saud University,
Riyadh, Saudi Arabia.

References

[1] J. H. Pereira, D. B. Queirds, A. C. Reis et al., “Process en-
hancement at near neutral pH of a homogeneous photo-
fenton reaction using ferricarboxylate complexes: application
to oxytetracycline degradation,” Chemical Engineering and
Science, vol. 253, pp. 217-228, 2014.

[2] C. Agyare, E. V. Boamah, C. Ngofi Zumbi, and B. F. Osei,
“Antibiotic use in poultry production and its effects on
bacterial resistance,” Antimicrobial Resistance—A Global
Threat, pp. 33-50, IntechOpen, London, UK, 2018.

[3] 1. Chopra and M. Roberts, “Tetracycline antibiotics: mode of
action, applications, molecular biology, and epidemiology of
bacterial resistance,” Microbiology and Molecular Biology
Reviews.vol. 65, no. 2, pp. 232-260, 2001.

[4] H. K. Allen, J. Donato, H. H. Wang, K. A. Cloud-Hansen,
J. Davies, and J. Handelsman, “Call of the wild: antibiotic
resistance genes in natural environments,” Nature Reviews
Microbiology, vol. 8, no. 4, pp. 251-259, 2010.

[5] O. A. Arikan, W. Mulbry, and C. Rice, “Management of
antibiotic residues from agricultural sources: use of com-
posting to reduce chlortetracycline residues in beef manure
from treated animals,” Journal of Hazardous Materials,
vol. 164, no. 2-3, pp. 483-489, 2009.

[6] D. I. Massé, N. M. C. Saady, and Y. Gilbert, “Potential of
biological processes to eliminate antibiotics in livestock
manure: an overview,” Animals, vol. 4, no. 2, pp. 146-163,
2014.

[7] J. Ollivier, K. Kleineidam, R. Reichel et al., “Effect of sulfa-
diazine-contaminated pig manure on abundance of genes and
transcripts involved in nitrogen transformation in the root-

Evidence-Based Complementary and Alternative Medicine

rhizosphere complexes of maize and clover,” Applied and
Environmental Microbiology, vol. 76, pp. 7903-7909, 2010.

[8] B.J. A. Berendsen, R. S. Wegh, J. Memelink, T. Zuidema, and
L. A. M. Stolker, “The analysis of animal faeces as a tool to
monitor antibiotic usage,” Talanta, vol. 132, no. 15,
pp. 258-268, 2015.

[9] A. B. A. Boxall, “The environmental side effects of medica-
tion,” EMBO Reports, vol. 5, no. 12, pp. 1110-1116, 2004.

[10] S. Thiele-Bruhn, “Pharmaceutical antibiotic compounds in
soils—a review,” Journal of Plant Nutrition and Soil Science,
vol. 166, no. 2, pp. 145-167, 2003.

[11] E. Topp, S. C. Monteiro, A. Beck et al., “Runoff of pharma-
ceuticals and personal care products following application of
biosolids to an agricultural field,” Science of the Total
Environment.vol. 396, no. 1, pp. 52-59, 2008.

[12] H. Ziétkowski, T. Grabowski, A. Jasiecka, M. Zuska-Prot,
D. Barski, and J. J. Jaroszewski, “Pharmacokinetics of oxy-
tetracycline in broiler chickens following different routes of
administration,” Veterinary Journal, vol. 208, pp. 96-98, 2016.

[13] M. Kyakuwaire, G. Olupot, A. Amoding, P. Nkedi-Kizza, and
T. A. Basamba, “How safe is chicken litter for land application
as an organic fertilizer? a review,” International Journal of
Environmental Research and Public Health, vol. 16, p. 3521,
2019.

[14] K. D. Brown, J. Kulis, B. Thomson, T. H. Chapman, and
D. B. Mawhinney, “Occurrence of antibiotics in hospital,
residential, and dairy effluent, municipal wastewater, and the
Rio Grande in New Mexico,” The Science of the Total Envi-
ronment, vol. 366, no. 2-3, pp. 772-783, 2006.

[15] M. Huang, Y. Yang, D. Chen, L. Chen, and H. Guo, “Removal
mechanism of trace oxytetracycline aerobic sludge,” Process
Safety and Environmental Protection, vol. 90, no. 2, pp. 141-146,
2012.

[16] S. Li, J. Liu, M. Sun, W. Ling, and X. Zhu, “Isolation, char-
acterization, and degradation performance of the 17p-estra-
diol-degrading bacterium novosphingobium sp. E2S)”
International Journal of Environmental Research and Public
Health.vol. 14, no. 2, p. 115, 2017.

[17] J. L. Martinez, “Antibiotics and antibiotic resistance genes in
natural environments,” Science, vol. 321, no. 5887,
pp. 365-367, 2008.

[18] L. Zhang, Y. Huang, Y. Zhou, T. Buckley, and H. H. Wang,
“Antibiotic administration routes significantly influence the
levels of antibiotic resistance in gut microbiota,” Antimicro-
bial Agents and Chemother, vol. 57, no. 8, pp. 3659-3666,
2013.

[19] X. Xie, Q. Zhou, D. Lin, J. Guo, and Y. Bao, “Toxic effect of
tetracycline exposure on growth, antioxidative and genetic
indices of wheat (Triticum aestivum L.),” Environmental
Science and Pollution Research International, vol. 18,
pp. 566-575, 2011.

[20] W. Liu, Z. Zhang, and S. Q. Wan, “Predominant role of water
in regulating soil and microbial respiration and their re-
sponses to climate change in a semiarid grassland,” Global
Change Biology, vol. 15, pp. 184-195, 2009.

[21] J. Bengtsson-Palme and D. G. J. Larsson, “Antibiotic resis-
tance genes in the environment: prioritizing risks,” Nature
Reviews Microbiology, vol. 13, no. 6, p. 396, 2015.

[22] K. K. Brandt, J. Berg, M. K. Thorsen, P. E. Holm, J. Jensen, and
O. Nybroe, “Cu exposure under field conditions coselects for
antibiotic resistance as determined by a novel cultivation-
independent bacterial community tolerance assay,” Envi-
ronmental Science and Technology, vol. 44, pp. 8724-8728,
2010.



Evidence-Based Complementary and Alternative Medicine

[23] H. Schmitt, B. Martinali, P. Van Beelen, and W. Seinen, “On
the limits of toxicant-induced tolerance testing: cotolerance
and response variation of antibiotic effects,” Environmental
Toxicology and Chemistry, vol. 25, pp. 1961-1968, 2006.

[24] N. Wu, M. Qiao, B. Zhang, W. D. Cheng, and Y. G. Zhu,
“Abundance and diversity of tetracycline resistance genes in
soils adjacent to representative swine feedlots in China,” En-
vironmental Science and Technology, vol. 44, pp. 6933-6939,
2010.

[25] M. L. Loke, J. Tjornelund, and B. Halling-Serensen, “Deter-
mination of the distribution coefficient (log Kd) of oxytet-
racycline, tylosin A, olaquindox and metronidazole in
manure,” Chemosphere, vol. 48, pp. 351-361, 2002.

[26] W.D.Kong, Y. G. Zhu, Y. C. Liang, J. Zhang, F. A. Smith, and
M. Yang, “Uptake of oxytetracycline and its phytotoxicity to
alfalfa (Medicago sativa L.),” Environmental Pollution,
vol. 147, pp. 187-193, 2007.

[27] J. Rivera-Utrilla, C. V. Gomez-Pacheco, M. Sanchez-Polo,
J. J. Lopez-Penalver, and R. Ocampo-Perez, “Tetracycline
removal from water by adsorption/bioadsprotion on aacti-
vated carbon and sludge-derived adsorbents,” Journal of
Environmental Management, vol. 131, pp. 16-24, 2013.

[28] K.-J. Choi, S.-G. Kim, and S.-H. Kim, “Removal of antibiotics
by coagulation and granular activated carbon filtration,”
Journal of Hazardous Materials, vol. 151, pp. 38-43, 2008.

[29] C. Gomez-Pacheco, M. Sanchez-Polo, J. Rivera-Utrilla, and
J. Lopez-Penalver, “Tetracycline degradation in aqueous phase
by ultraviolet radiation,” Chemical Engineering Journal,
vol. 187, pp. 89-95, 2012.

[30] X. Richeng, A. Lestley, W. Qiquan, S. Yates, and K. Biswas,
“Hydrolysis and photolysis of oxytetracycline in aqueous
solution,” Journal of Environmental Science and Health. Part
B, vol. 45, pp. 73-81, 2010.

[31] S. Shao, Y. Hu, J. Cheng, and Y. Chen, “Action of oxytet-
racycline (OTC) degrading bacterium and its application in
moving bed biofilm reactor (MBBR) for aquaculture waste-
water pre-treatment,” Ecotoxicology and Environmental
Safety, vol. 171, pp. 833-842, 2019.

[32] J. Qiu, J. He, Q. Liu et al., “Effects of conditioners on sul-
fonamides degradation during the aerobic composting of
animal manures,” Procedia Environmental Sciences, vol. 16,
pp. 17-24, 2012.

[33] M. Zhang, L. Y. He, Y. S. Liu et al,, “Fate of veterinary an-
tibiotics during animal manure composting,” Science of the
Total Environment, vol. 650, pp. 1363-1370, 2019.

[34] X. Guo, C. Xie, L. Wang, Q. Li, and Y. Wang, “Biodegradation
of persistent environmental pollutants by Arthrobacter sp,”
Environmental Science and Pollution Research International,
vol. 26, pp. 8249-8443, 2019.

[35] L. Migliore, M. Fiori, A. Spadoni, and E. Galli, “Biodegra-
dation of oxytetracycline by Pleurotusostreatus mycelium: a
mycoremediation technique,” Journal of Hazardous Mate-
rials, vol. 15, no. 215-216, pp. 227-232, 2012.

[36] J. Corcoran, M. J. Winter, and C. R. Tyler, “Pharmaceuticals in
the aquatic environment: a critical review of the evidence for
health effects in fish,” Critical Reviews in Toxicology, vol. 40,
no. 4, pp. 287-304, 2010.

[37] T. Maki, H. Hasegawa, H. Kitami, K. Fumoto, Y. Munekage,
and K. Ueda, “Bacterial degradation of antibiotic residues in
marine fish farm sediments of Uranouchi Bay and phyloge-
netic analysis of antibiotic-degrading bacteria using 16S
rDNA sequences,” Fisheries Science, vol. 72, pp. 811-820,
2006.

[38] P. S. Dharmadasa, G. Y. Liyanage, and P. M. Manage,
“Degradation of microcystin LR, oxytetracycline and
amphicillin by four native bacteria species,” Journal of
Tropical Forestry and Environment, vol. 7, no. 2, pp. 21-30,
2017.

[39] A. I Rodarte-Morales, G. Feijoo, and M. T. Moreira, “Deg-
radation of selected pharmaceutical and personal care
products (PPCPs) by white-rot fungi,” World Journal of
Microbiology and Biotechnology, vol. 27, pp. 1839-1846, 2011.

[40] H. Ding, Y. Wu, B. Zou, Q. Lou, W. Zhang, and ]. Zhong,
“Simultaneous removal and degradation characteristics of
sulfonamide, tetracycline, and quinolone antibiotics by lac-
case-mediated oxidation coupled with soil adsorption,”
Journal of Hazardous Materials, vol. 307, pp. 350-358, 2016.

[41] J. Shao, W. Zhao, X. Liu, and L. Wang, “Growth performance,
digestive enzymes, and TOR signaling pathway of Litopenaeus
vannamei are not significantly affected by dietary protein
hydrolysates in practical conditions,” Frontiers in
Physiology.vol. 9, p. 998, 2018.

[42] S. Sudha, D. Prabha, K. Sujatha, P. Lakshmanaperumalsamy,
and S. Sivakumar, “Isolation, characterization and degrada-
tion performance of oxytetracycline degrading bacterium
Planococcus sp.strain pw2,” Archives of Microbiology, vol. 204,
p- 122, 2022.

[43] U. Edwards, T. Rogall, H. Blocker, M. Emde, and
E. C. Béttger, “Isolation and direct complete nucleotide de-
termination of entire genes. Characterization of a gene coding
for 16S ribosomal RNA,” Nucleic Acids Research, vol. 17,
pp. 7843-7853, 1989.

[44] T. Saitoh and T. Shibayama, “Removal and degradation of
B-lactam antibiotics in water using didodecyldimethy-
lammonium bromide-modified montmorillonite organo-
clay,” Journal of Hazardous Materials, vol. 317, pp. 677-685,
2016.

[45] J. Felsenstein, “Confidence limits on phylogenies: an approach
using the bootstrap,” Evolution, vol. 39, pp. 783-791, 1985.

[46] T. H. Jukes and C. R. Cantor, “Evolution of protein mole-
cules,” in Mammalian Protein Metabolism, H. N. Munro, Ed.,
Academic Press, Cambridge, MA, USA, pp. 21-132, 1969.

[47] S. Kumar, G. Stecher, M. Li, C. Knyaz, and K. Tamura,
“MEGA X: molecular evolutionary genetics analysis across
computing platforms,” Molecular Biology and Evolution,
vol. 35, no. 6, pp. 1547-1549, 2018.

[48] S. Ahmad, “Antibiotics in chronic suppurative otitis media: a
bacteriologic study,” Egyptian Journal of Ear, Nose, Throat and
Allied Sciences, vol. 14, no. 3, pp. 191-194, 2013.

[49] A. W. Bauer, W. M. Kirby, J. C. Sherris, and M. Turck,
“Antibiotic susceptibility testing by a standardized single disk
method,” American Journal of Clinical Pathology, vol. 45,
no. 4, pp. 493-496, 1966.

[50] E. Vlkova, V. Rada, P. Popeldrovd, I. Trojanovd, and J. Killer,
“Antimicrobial susceptibility of bifidobacteria isolated from
gastrointestinal tract of calves Livestock,” Science, vol. 105,
no. 1-3, pp. 253-259, 2006.

[51] R. Hirsch, T. A. Ternes, K. Haberer, A. Mehlich, F Ballwanz,
and K. L. Kratz, “Determination of antibiotics in different
water compartments via liquid chromatography-electrospray
tandem mass spectrometry,” Journal of Chromatography,
vol. 815, no. 2, pp. 213-223, 1998.

[52] J.Wu, N.S. Fan, Y. Y. Yu et al,, “Insight into the microbial and
genetic responses of anammox granules to spiramycin:
comparison between two different dosing strategies,” Journal
of Cleaner Production, vol. 258, Article ID 120993, 2020.



10

(53]

(54]

[55

(56]

(57]

(58

(59

(60

(61]

(62

[63

(64]

A. E. Coorevits, A. Dinsdale, J. Heyrman et al., “Lysinibacillus
macroides sp. nov,” International Journal of Systematic and
Evolutionary Microbiology, vol. 62, pp. 1121-1127, 2012.

M. Harrabi, D. A. M. Alexandrino, F. Aloulou et al., “Bio-
degradation of oxytetracycline and enrofloxacin by autoch-
thonous microbial communities from estuarine sediments,”
Science of the Total Environment, vol. 648, pp. 962-972, 2019.
Y. Shi, H. Lin, J. Ma et al., “Degradation of tetracycline an-
tibiotics by Arthrobacter nicotianae OTC-16,” Journal of
Hazardous Materials, vol. 5, p. 403, 2021.

B. Ruan, P. Wu, M. Chen et al., “Immobilization of Sphin-
gomonas sp. GY2B in polyvinyl alcohol-alginate-kaolin beads
for efficient degradation of phenol against unfavorable en-
vironmental factors,” Ecotoxicology and Environmental Safety,
vol. 162, pp. 103-111, 2018.

X. Hong, Y. Zhao, R. Zhuang et al., “Bioremediation of tet-
racycline antibiotics-contaminated soil by bioaugmentation,”
RSC Advances, vol. 10, pp. 33086-33102, 2020.

H. Jabeen, S. Igbal, S. Anwar, and R. E. Parales, “Optimization
of profenofos degradation by a novel bacterial consortium
PBAC using response surface methodology,” International
Biodeterioration and Biodegradation, vol. 100, pp. 89-97,
2015.

X. Wen, Y. Jia, and J. Li, “Enzymatic degradation of tetra-
cycline and oxytetracycline by crude manganese peroxidase
prepared from Phanerochaete chrysosporium,” Journal of
Hazardous Materials, vol. 177, 2010.

T. Suda, T. Hata, S. Kawai, H. Okamura, and T. Nishida,
“Treatment of tetracycline antibiotics by laccase in the
presence of 1-hydroxybenzotriazole,” Bioresource Technology,
vol. 103, pp. 498-501, 2012.

H. Park, “Reduction of antibiotics using microorganisms
containing glutathione S-transferases under immobilized
conditions,” Environmental Toxicology and Pharmacology,
vol. 34, pp. 345-350, 2012.

S. Ghosh, M. J. Sadowsky, M. C. Roberts, J. A. Gralnick, and
T. M. LaPara, “Sphingobacterium sp. strain PM2-P1-29
harbours a functional tet(X) gene encoding for the degra-
dation of tetracycline,” Journal of Applied Microbiology,
vol. 106, 2009.

Y. Leng, J. Bao, G. Chang et al,, “Biotransformation of tet-
racycline by a novel bacterial strain Stenotrophomonas mal-
tophilia DT1,” Journal of Hazardous Materials, vol. 318,
pp. 125-133, 2016.

H. T. Tran, T. V. Pham, H. P. T. Ngo et al., “Crystallization
and preliminary x-ray crystallographic analysis of the XoG-
roEL chaperonin from Xanthomonas oryzae pv. oryzae,” Acta
Crystallographica Section F:Structural Biology Communica-
tions, vol. 70, pp. 604-607, 2014.

Evidence-Based Complementary and Alternative Medicine



