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Abstract

A psychrotolerant bacterial strain of Pseudomonas sp. (P. palleroniana GBPI_508), isolated from the Indian Himalayan
region, is studied for analyzing its potential for degrading bisphenol A (BPA). Response surface methodology using Box—
Behnken design was used to statistically optimize the environmental factors during BPA degradation and the maximum
degradation (97%) was obtained at optimum conditions of mineral salt media pH 9, experimental temperature 25 °C, an
inoculum volume of 10% (v/v), and agitation speed 130 rpm at the BPA concentration 270 mg L~'. The Monod model was
used for understanding bacterial degradation kinetics, and 37.5 mg™" half saturation coefficient (Kg) and 0.989 regression
coefficient (R?) were obtained. Besides, the utmost specific growth rate umax was witnessed as 0.080 h™! with the GBPI_508
during BPA degradation. Metabolic intermediates detected in this study by GC-MS were identified as valeric acid, propionic
acid, diglycolic acid, and phenol. The psychrotolerant bacterial strain of Pseudomonas sp. (P. palleroniana GBPI_508),

isolated from the Indian Himalayan region has shown good potential for remediation of BPA at variable conditions.
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Introduction

Bisphenol A (BPA) belongs to diphenylmethane derivatives
and it is used as an additive for the production of polycar-
bonate plastics and epoxy resins, which account for nearly
64% of BPA demand in 2018 (Almeida et al. 2018). Its pro-
duction has been estimated to be more than 550,000 tons
annually (Staples et al. 1998). BPA does not occur naturally,
but became a part of the environment due to high production,
consumption and introduction into the environment through
effluent discharge from manufacturing area, municipal
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wastewater treatment plants, and also through domestic
effluents, leaching from landfills, combustion of domestic
waste, and degradation of plastics in the environment (Cor-
rales et al. 2015; Flint et al. 2012; Staples et al. 1998). BPA
contamination from plastics has been widely reported since
2007 (Vandenberg et al. 2007) and has drawn the attention
of the regulatory bodies and the scientific community due
to their widespread occurrences, distribution, endocrine-dis-
rupting effects, and severe toxicity (Lee et al. 2019). Due to
structural similarity with endogenous hormones, compounds
like BPA can mimic the physiological functions in the body
and are also known as endocrine-disrupting chemicals
(EDCs). These compounds are also reported as mutagenic
and carcinogenic (Chai et al. 2005). The toxicity of BPA is
reported against fish, algae and also humans. It can be toxic
for aquatic life even at very low levels (0.175-1.6 pg LY.
These figures are expected to increase in the near future due
to continuous discharge of contaminants into natural water
resources (such as rivers, ponds, lakes, etc.). Accordingly,
unless BPA is satisfactorily treated in wastewater treatment
plants (WWTPs), BPA released in both WWTP effluents and
waste sludge (e.g., biosolids) will contaminate the natural
environments leading to significant ecological risks.
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Most conventional water treatment methods, such as
adsorption, coagulation, ultrafiltration, and reverse osmosis,
concentrate pollutants. Other methods, such as sedimenta-
tion, filtration, chemical treatments, and membrane tech-
nologies, have high operating costs and could release toxic
secondary pollutants into the ecosystem. So, the develop-
ment of low-cost and effective technologies for wastewater
treatment is needed, which can add the value after addition
in already existing technologies.

Bioremediation is a natural and low-cost process for the
removal of contaminants from the water where microorgan-
isms have been used for removal of target pharmaceutical
and personal care products (PPCP)/xenobiotic compounds.
Several BPA-degrading bacteria have been isolated, includ-
ing the unidentified Gram-negative MV 1 and WHI strains
(Lobos et al. 1992; Ronen and Abeliovich 2000) Sphingo-
monas bisphenolicum strain AO1, Achromobacterxylosox-
idans strain B-16 (Zhang et al. 2007), Pseudomonas pauci-
mobilis strain FJ-4, Pseudomonas sp. (Kamaraj et al. 2014;
Masuda et al. 2007), Streptomyces sp. strain, Sphingomonas
sp. Strains (Oshiman et al. 2007; Sakai et al. 2007), Novo-
sphingobium sp. strain TYA-1, Bacillus sp. (Li et al. 2012)
and Cupriavidusbasilensis JF1, Enterobacter gergoviae
strain BYK-7 (Badiefar et al. 2015), and Bacillus megate-
rium strain ISO-2 (Suyamud et al. 2018a) which have shown
significant potential of degrading BPA. The bioremediation
process can target the contaminants present in low amount
in wastewater and freshwater bodies, and the intermedi-
ates generated during this process are mostly less toxic or
nontoxic to the environment. Hence, the present study was
designed to identify the BPA degradation potential of bac-
teria, isolated from Indian Himalayan region, along with the
understanding of the kinetics of the degradation process.
These microorganisms have been reported for their unique
traits such as tolerance to a wide range of temperature and
pH along with their biodegradation potential under low tem-
perature environment (Dhakar and Pandey 2020, 2016).

Materials and methods
Chemicals, bacteria and culture conditions

Bisphenol A (>99% pure) was purchased from Merck Lim-
ited, Worli, Mumbai, India; ammonium sulfate (NH,),SO,),
potassium dihydrogen phosphate (KH,PO,), sodium dihy-
drogen phosphate (NaH,PO,), magnesium sulfate heptahy-
drate (MgSO,+7H,0), sodium chloride (NaCl), zinc chloride
(ZnCl,), and calcium chloride dihydrate (CaCl,»2H,0) from
SRL Chemicals Limited, Mumbai, India; and tryptone yeast
extract (TYE) (casein enzyme hydrolysate 5.0 g/L and yeast
extract 3.0 g/L), agar, corn starch, (NH,),SO, potassium
chloride (KCI), ferrous sulfate heptahydrate (FeSO,+7H,0),
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tributarin, copper sulfate pentahydrate (CuSO, 0.5H,0),
zinc sulfate heptahydrate (ZnSO, 0.7H,0), sodium
molybdate (Na,MoO,), magnesium sulfate monohydrate
(MnSO,H,0), and boric acid (H;BO;) from Hi-media Lim-
ited, Mumbai, India and SRL Chemicals Limited, Mumbai,
India.

Bacterial strains such as GBPI_HbO, GBPI_Hb5, GBPI_
Hb14, GBPI_Hb61, GBPI_CDB143, GBPI_CDB149,
GBPI_507, GBPI_508, BO, GBPI_506, GBPI_CDB&g4,
GBPI_CDB&87, GBPI_Hbl, GBPI_Hb149 and GBPI_
CDBY94 (Table S1) were taken from the Microbiology
Laboratory of the Institute (G. B. Pant national institute of
Himalayan environment), which was originally isolated from
high altitudes in the Indian Himalayan region (Pandey et al.
2019). The bacterial culture was maintained in TYE agar at
25 °C. Mineral salt media (MSM) were used for screening
the bacteria responsible for the degradation of BPA. MSM
composition of the growth medium consisted of (g L™!):
ammonium sulfate (NH,),SO,), 0.06 g; magnesium sulfate
heptahydrate (MgSO,+7H,0), 0.3 g; calcium chloride dihy-
drate (CaCl,»2H,0), 0.05 g; zinc chloride (ZnCl,), 3 mg;
and sodium chloride (NaCl), 0.03 g., with agar for Petri plate
experiments and without agar for shake flask experiments.

Screening of bisphenol A-degrading bacteria

Bacteria were cultured on tryptone yeast medium and then
inoculated into MSM which was earlier sterilized in an auto-
clave for 20 min at 121 °C. Different BPA concentrations
(10, 50, 70, 100 and 270 mg LY dissolved in miliQ water
were added to a flask containing MSM with agar and then
transferred into Petri plate for solidification. When the plates
were solidified, one loop full of the overnight culture was
used to streak in the plate containing MSM medium with
different concentrations of BPA. After streaking, the plates
were kept in an incubator at 25 °C for 48 h for the observa-
tion of bacterial growth. The strain which showed the high-
est growth in the MSM media containing BPA was selected
as a predominant BPA-degrading strain. The plate without
the BPA was set as the control. After the selection of bacte-
rial strain, the shake flask experiments were performed for
analyzing its biodegradation capacity against BPA.

Bacterial growth assessment

The bacterial strain, recorded with maximum growth in the
presence of BPA in plate experiments, was used for raising
the culture suspension for further experiments. The bacte-
rial cells were inoculated in mineral salt media (MSM) agar
plates and incubated at 25 °C for 24 h. The bacterial culture
was taken for making bacterial suspension by maintaining
the optical density of 0.3 at 600 nm. This bacterial solution
was used for performing shake flask experiments for BPA
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degradation, where the main experimental variables were
media pH, BPA concentration, agitation speed, inoculum
volume and experimental temperature conditions. During
the experiments performed under controlled conditions, the
samples were collected at every 24 h up to 96 h and used for
the estimation of microbial growth and BPA degradation
potential.

Bacterial growth kinetics during BPA degradation

During batch experiments, the bacterial growth kinetics were
analyzed using Monod model (Monod 1949) to determine
the kinetic parameters. Equation (1) was used for under-
standing the bacterial growth in the presence of different
BPA concentrations in the shake flask.

_l@_ﬂmaxs 1
TXdi K +5 M

u

A linear form of Eq. (1) can be represented as Eq. (2):
K 1

1 s
- = + ) 2
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where u is the specific growth rate, u,,. is the maximum
specific growth rate, S is the substrate concentration and K|
is the substrate saturation constant at half y, ... The kinetic
model parameters estimated by various factors such as inoc-
ulum size 10% (v/v), compound concentrations (100 ppm),
duration (96 h), and growth of bacteria were selected to
study the biodegradation of BPA.
u was calculated using Eq. (3) (Bitton 1994):

X, = X,et', . 3)

The values of 1/u and 1/S were calculated and plotted to
obtain ., and K.

Design of experiments using response surface
method (RSM)

Mini tab 18 was used for designing the experiments through
the response surface method (RSM) Box—Behnken design
(BBD). It is a second-order multivariate technique based on
a three-level fractional factorial design consisting of a full
22 factor scattered in a balanced incomplete block design.
The BBD is one of the most common designs used in RSM,
has the same predictability in all directions and is helpful
for investigating the behavior of the response surface for the
response function (Y) using the second-order polynomial
equation (Ferreira et al. 2007). Five experimental factors
selected for designing the experiments included pH (X)),
agitation speed (X,), the concentration of the compound
(X3), inoculum size (X,) and incubation temperature (Xs)
with three levels for each factor (Table 1). The detailed

experimental design with the total of 40 runs is shown in
Table 2S. In these experiments, the BPA degradation capa-
bility of bacteria was checked in MSM for analyzing its
potential to use BPA as a sole source of carbon and energy.
In the system involving five variables, a mathematical rela-
tionship of the response (BPA % degradation) of these vari-
ables was approximated using the polynomial Eq. (4) (Box
and Behnken 1960):

Y, =by+ ) bX;+ ) byXX;+ ) bX2, @

where Y is the predicted response value, b, is the constant,
b; is the linear coefficient and b;; is the quadratic coefficient,
and X; and X; are the variables.

Analytical methods

The bacterial cell growth was determined at 600 nm
using UV-Vis spectrophotometer (Shimadzu, Japan) and
expressed as optical density (OD). Before chromatographic
analysis, each sample was centrifuged at 15000 g at 4 °C
for 10 min using refrigerated centrifuge (Hi Mac CR-22G)
and then filtered through a 0.22 pm pore size membrane
filter (Axiva). The BPA concentration was determined using
reverse-phase high-pressure liquid chromatography (RP-
HPLC) (Shimadzu LC10) equipped with a photodiode detec-
tor (PDA) and a C18 column (HP 250 mm X 4.6 mm X5 um).
The mobile phase consists of ortho-phosphoric acid (0.1%)
and acetonitrile in the ratio of 45:5(v/v) which was used at a
flow rate of 1 mL/min. The column temperature was main-
tained at 25 °C and the sample injector volume was 20 pL.
The BPA was detected at 280 nm at 7.5 min retention time.

The degradation products were analyzed using GC/MS (QP
2010 mass spectrometer: Shimadzu, Japan). The GC-MS analy-
sis was carried out using HP5 MS column (Agilent, USA) and
the oven temperature program was started from 60 °C (hold time
5 min), increased to 180 °C (hold time 3 min), then to 250 °C
(hold time 1 min) and finally up to 280 °C with the hold time of
1 min, and injector temperature maintained at 280 °C. Helium
was used as carrier gas at a flow rate of 1 mL/min and the sample

Table 1 Selected factors (culture conditions) and their levels for the
optimization of BPA degradation by Box—Behnken design of experi-
ment

S.no. Factors Level 1 Level2 Level3
LD L2) L3)

1 Medium pH (X;) 5 7 9

2 Temperature (°C) (X,) 5 15 25

3 Agitation speed (rpm) (X3) 75 130 185

4 Inoculum volume (%, v/v) (X,) 5 10 15

5 BPA concentration (mg L") 50 160 270

Xs)
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injection volume was 5 uL.. The GC-MS interface was main-
tained at 260 °C at 57.4 kPa. In the full scan mode, electron ioni-
zation mass spectra in the range of 40400 (m/z) were recorded at
electronic energy of 70 eV. The structure of degradation interme-
diates was confirmed by comparing with that of the data available
in the GC-MS spectral library (Wiley, NIST).

Enzyme assessment

As enzymes are mainly responsible for degradation of xenobi-
otics in case of bacterial degradation, for understanding about
the responsible enzymes, their qualitative assessment was car-
ried out during the BPA degradation process using selected
bacterial species. As the selected bacterial strain produces
extracellular enzymes, namely amylase, lipase, and laccase
(Jain et al. 2017), their presence was tested in the presence of
270 mg/L BPA. The point inoculation method was used for the
inoculation of bacteria in a Petri plate. The amylase produc-
tion was analyzed using the medium containing corn starch
5 g/L, yeast extract 5 g/L, (NH,),SO, 2.5 g/L, MgSO,.7H,0O
0.2 g/L, KH,PO, 3 g/L, and CaCl,.2H,0 0.25 g/L (Burhan
et al. 2003). The plates were inoculated with 24 h fresh cul-
ture and then incubated at 25 °C. After incubation, agar plates
were flooded with Gram’s iodine for observing the zone of
clearance around the bacterial colony. For lipase production,
NaNO,;3.0 g/, K,HPO, 0.1 g/L., MgSO,.7H,0 0.5 g/L, KClI
0.5 g/, FeSO,.7H,0 0.01 g/L, and yeast extract 5.0 g/L were

experiments. The performance of P. palleroniana strain
GBPI_508 was found to be the best; it was able to grow
well in MSM agar plates in the presence of different BPA
concentrations ranging from 10 to 270 mg/L (Table S1). The
highest number of colonies appeared on the plates contain-
ing 10 mg L™! BPA, followed by 50, 100 mg L=!. In contrast,
few colonies appeared on the plates containing 270 mg L™
BPA. Decreasing biomass with increase in BPA concentra-
tions reflected the toxicity of BPA against the bacterium P.
palleroniana GBPI_508. Similar results have been reported
in a previous study by Vijayalakshmi et al. (2018).

Statistical optimization of BPA degradation using
RSM

RSM was used to determine the combined effect of five
variables and their interactions. A statistical optimization
approach using BBD was used to study the linear, interac-
tive, and square effects of various parameters on the BPA
degradation capacity of P. palleronianaGBPI_508. 100%
degradation was observed with 50 mg/L. BPA concentration
as reflected in run number 17, 39, 30, 33 and 34. In case
of the highest BPA taken for the study, i.e., 270 mg/L, a
maximum of 97% degradation was observed as indicated in
run number 4 (Table 2S). The regression equation generated
through the study is shown in Eq. (5):

Y =30.3644 + 2.7070X, — 6.0696X, + 1.0603X; + 10.5362X, — 0.5740X; + 1.0969X,X, — 0.0209X, X,
— 4.9840X,X, — 0.0014X, X5 — 0.0110X,X; + 0.0159X,X, + 0.0020X,Xs + 0.005X;X, + 0.001X,X; o)
+0.004X,X5 — 0.05124X,% — 0.0072X,> — 0.0030X;> — 0.3843X,> + .0013X5>.

taken in the medium containing 1% tributyrin and 2% agar
(Jain et al. 2017). The plates were then inoculated with 24 h
fresh culture. The zone of clearance for lipolytic enzyme,
developed around the colony, was recorded. Kirk and Farrell
(modified) medium, supplemented with ABTS (2, 2'-azino-
bis 3-ethylbenzothiazoline-6-sulfonic acid), was used for the
screening of ligninolytic enzymes. The media composition was
2.0 g/L malt extract, 2.0 g/L glucose, 2.0 gNH,NO,/L, 0.26 g/
LNa,HPO,,0.26 g/ KH,PO,,0.5 g/L.,MgSO, (7H,0),0.01 g/L
,CuSO, (5H,0),0.006 g/L,CaCl,.2H,0,0.005 g/L,FeSO,(7H,
0),0.0005 g/L,ZnSO,(7H,0),0.00002 g/L.,Na,M00,,0.00009
g/L, MnSO,-H,0, and 0.00007 g/LLH,BO; (Nicole et al. 1992).

Results and discussion
Screening of BPA-degrading bacteria

All the 15 bacterial strains were screened for analyzing their
BPA degradation capability qualitatively through Petri plate

@ Springer

The parity plot, shown in Fig. 1(a), represents the ade-
quacy of the model as the calculated values of % BPA
removal (%R_,.) were found closer to the experimental val-
ues (%Rexpt) (Table 2S), which was also confirmed by a nor-
mal probability plot, where the normality of the residuals of
the data was analyzed (Fig. 1b) (Vijayalakshmi et al. 2018).
The results of the second-order response surface model fit-
ting in the form of analysis of variance (ANOVA) are shown
in Table 3S. The surface model was significant with F value
of 13.29 and a p value < 0.05. The larger F value along with
the smaller p value is indicative of the high significance of
the corresponding coefficient (Dahiru 2011). The adequacy
of the model as indicated by the determination coefficient
(R*=0.9140) suggested 91.40% of the variability in the
response, which was attributed to the independent variables.
The value of the adjusted determination coefficient was also
very high to advocate for the high significance of the model.
The regression coefficients, standard error coefficient, ¢ value
and p value for all linear, square and interaction effects of the
variables are shown in Table 3S. It showed that the effects
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Fig. 1 a Parity plot and b normal probability plot

of media pH, temperature, and BPA concentration were
more significant than those of agitation speed and inoculum
volume for the degradation process (Fig. 2). Among these
parameters, the linear effects (X, X,, and Xj), the square
effects (X;2, X,? and X5%) and the interactive effects (X,X,)
are the influential ones.

Effect of experimental conditions on
biodegradation of BPA

The effect of all the independent factors on BPA deg-
radation (%) is shown in Fig. 3 and the RP-HPLC data,
analyzed at optimized conditions at every 24 h interval
up to 96 h, are shown in Fig. 4(a) and (b). P. palleroni-
anaGBPI_508 could grow and degrade BPA over a wide
range of pH and temperature. Maximum BPA degradation
was observed at a media pH 9. The inoculum volume
of 10% (v/v) was found best for the degradation study.
Lower inoculum volume had decreased the degradation
efficiency of P. palleronianaGBPI_508. There was a
gradual increase in BPA degradation by P. palleroniana
GBPI_508 with the increase in temperature from 15 to
25 °C and the maximum degradation was observed at
25 °C. An agitation speed of 130 rpm was best in terms of
degradation potential, and with the decrease or increase
in agitation speed, the rate of degradation decreased as
shown in Fig. 4(a), and (d).The ability of P. pallero-
niana GBPI_508 to survive at both high and low BPA

concentrations was determined and their behaviors are
presented in Fig. 3(h). The bacterial strain was able to
degrade 97% of 270 mg L™' BPA up to 96 h without much
supplementation in mineral salt media.

Growth kinetics of Pseudomonas palleroniana (GBPI
Hb_508)

The substrate saturation constant (Ks) of 37.5 mg/L, maxi-
mum specific growth rate (u,,,,) of 0.014644 day~' and
regression coefficient (R?) of 0.989 were obtained for the
Monod model (Fig. 5 and Table 4S), which shows the effi-
ciency of the model for describing cell growth and nutrient
(BPA) uptake by P. palleroniana GBPI Hb_508. The regres-
sion coefficient (R?) is believed to be better to detect the
suitability of any model for the process if its value is closer
to 1 (Annuar et al. 2008; Reardon et al. 2002). Reardon et al.
(2002) had also observed a similar type of Ks value during
the degradation of BPA using P. putida F1. Thus, the Monod
model was able to describe the cell growth and BPA uptake
kinetics of the bacterial strain under study in a mineral salt
medium.

BPA metabolites produced during biodegradation

BPA was found to be degraded at different conditions and
at higher concentration (270 mg/L); maximum removal
was observed at 9 pH, 25 °C, 10% (v/v) inoculum volume
and 130 rpm agitation speed. The samples were analyzed
through mass spectrometry for understanding the interme-
diate compounds generated during the process. The inter-
mediates identified during BPA biodegradation at 96 h are
beta-famesene, chamazulene, bisabolol oxide, Z)-ene-yne-
dicyclo ether, hexadecenoic acid, methyl ester, and n-penta-
decanoic acid methyl ester along with some content of BPA
(Table 2). The intermediate compounds depict the involve-
ment of biotransformation of compounds along with degra-
dation of BPA. Both oxidation and reduction of BPA during
degradation can be understood by observing the intermedi-
ates; however, the elucidation of the exact mechanism of
BPA degradation by this Himalayan strain P. palleroniana
GBPI_508 would require the comprehensive expression and
functional genetic analysis of strain and its integration with
the metabolome data related to the production of different
types of catabolic intermediates as identified through the
study.

Discussion
The optimum conditions for the degradation of BPA are

shown in Fig. 2. The temperature was observed as the most
important factor for BPA degradation, followed by BPA

@ Springer
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concentration, media pH, and inoculum volume. At high
BPA concentration, the highest concentration was observed
at 9 pH. Vijayalakshmi et al. (2018) had also observed
high BPA degradation at higher pH, i.e., 10 pH, where
approximately 97% BPA degradation was observed using
Pseudomonas aeruginosa. The biodegradation of BPA was
highly affected by inoculum volume, indicating the impor-
tance of the size of the inoculum in the degradation process.
Such conditions possibly minimize the length of the log
phase and low number of bacterial cells release less amount
of enzymes involved in the degradation process. Inoculum
size higher than 10% (v/v) did not increase BPA degradation
by P. palleronianaGBPI_508, which might be due to the
reduction of dissolved oxygen and increased competition
toward nutrients (Eltoukhy et al. 2020). (Zhang et al. (2007)
also reported increase in the degradation of BPA with the
increasing size of inoculum of Achromobacter xylosoxidans
strain B-16 isolated from compost leachate of municipal
solid waste.

@ Springer

Temperature is one of the most important parameters that
affect any microbial process. The growth rate of microorgan-
isms becomes slow below or above the optimum growth
temperature because of a reduced rate of cellular produc-
tion (Malinverno and Martinez 2015; Margesin and Schinner
1997). The degradation decreased above 25 °C (Fig. 3d).
(Eltoukhy et al. (2020) also found similar results during
the degradation of BPA using Pseudomonas putida strain
YC-AE1 where the maximum degradation was observed
between 25 and 30 °C. Thermal stability and activity of
enzymes, which are responsible for the degradation capacity
of bacteria, are dependent on the temperature due to which
there is always an optimum temperature for bacterial activity
(Engqvist 2018). Agitation speed affects the degradation rate
and the bacterial growth. 130 rpm agitation speed was found
suitable in the current study similar to Vaidya et al. (Vaidya
et al. 2018), who had reported a similar observation while
studying the degradation of polycyclic aromatic hydrocar-
bon chrysene, where maximum degradation was observed at
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strain GBPI_508

150 rpm. Agitation speed affects the oxygen concentration
during the degradation process, and oxygen is required for
the catalytic activities of bacteria where molecular oxygen
is involved in the degradation of compounds (Leahy and
Colwell 1990).

Compounds like BPA are present at very low concentra-
tion (at ppb level) in the environment (Peng et al. 2015;
Yamanaka et al. 2008) and harmful at that level also,
although in some areas this compound is also reported at
high concentration. Suyamud et al. (2018b) reported the

capacity ofBacillus megaterium strain ISO-2, to degrade
5 mg L™! of BPA within 72 h in mineral salt medium sup-
plemented with yeast extract. Sphingomonas bisphenolicum
strain AO1 was reported to degrade 100 mg L™! BPA to
undetectable level within 48 h in minimal medium with
1% glucose (Oshiman et al. (2007). Yu et al. (2019) found
approximately 84% BPA degradation up to 72 h while com-
paring the co-culture of Sphingomonas sp. (Sph-2) and
Pseudomonas sp. Although faster BPA degradation rate
has generally been reported for microbial consortium as
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Fig.5 Growth of bacteria in
the presence of bisphenol A
(100 ppm) up to 96 in optimum
condition
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0.D at 600nm

Bacterial growth

compared to the BPA-degrading lonely strains (Eio et al.
2014), interestingly, P. palleroniana GBPI_508 demon-
strated high BPA degradation potential while used as an
individual.

P. palleroniana GBPI_508 had shown the production of
lipase enzyme in qualitative plate assays in the presence of
BPA in MSM agar plate at 25 °C. This indicates the possibil-
ity of the involvement of the lipase enzyme in the degrada-
tion of BPA or other intermediate compounds. It might be
attributed to the fact that the lipase enzyme has the capacity
to break the bonds present in close ring structures of organic
compound (Karigar and Rao 2011). The bacteria showed
negative response for amylase and laccase enzymes. The
intermediates produced during the degradation process were
found to be different from that reported in earlier studies
(Lobos et al. 1992; Masuda et al. 2007; Vijayalakshmi et al.
2018), although the genes responsible for the degradation
of BPA, i.e., bisd A and bisd B were found to be present in
P. palleronianaGBPI_508 (http://www.ncbi.nlm.nih.gov/
BLASTY/). It has been reported that bisdA and bisdB genes
encoding ferredoxin and cytochrome P450 were responsi-
ble for BPA degradation in Sphingomonas bisphenolicum
strain AO1 (Sasaki et al. 2005a, 2005b). The cytochrome
P450 family of heme monooxygenases is found in virtually
all living organisms, these enzymes catalyze the oxidation
of a wide range of endogenous compounds in biosynthetic
and biodegradation pathways, as well as xenobiotics such as

T T T 1

24 48 72 96

Duration (h)

drugs and environmental contaminants (Wong 1998). The
bacterial P450s generally utilize an electron transport chain,
consisting of an FAD-containing NADH-dependent oxidore-
ductase, and reduction is mediated by an iron—sulfur (2Fe-
2S) ferredoxin (Gray 1992). The presence of these enzymes
shows the possibility of their involvement in the degrada-
tion of BPA while using P. palleroniana GBPI_508, but the
different intermediate compounds show the possibility of
different pathways, which needs to be further monitored.

Conclusions

This present study reports the ability of Pseudomonas pal-
leroniana strain (GBP_508) to survive in the presence of
higher concentration of BPA in mineral salt media and the
best performance was observed at 270 mg L~! BPA concen-
tration with MSM pH 9 at 25 °C temperature and 130 rpm
agitation speed up to 96 h. The GC-MS data and the Monod
model equation indicate the possibility of using this bacterial
strain in the remediation of BPA at a wide range of varia-
tions in the environment. The conditions optimized using
Box—Behnken design and an empirical statistical model
equation will be useful in further upscaling the process.
The identification of new (possible) catabolic intermediates
may help in the identification of new genes and pathway(s)
involved in BPA degradation in future studies.

@ Springer
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Table 2 Mass spectrum analysis of intermediates produced during degradation of bisphenol by Pseudomonas palleroniana (GBPI_508)
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