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Abstract

Multi-contaminated industrial wastewaters pose serious environmental risks due to high
toxicity and non-biodegradability. The work reported here evaluated the ability of
Pseudomonas aeruginosa strain Gb30 isolated from desert soil to simultaneously remove
cadmium (Cd) and Reactive Black 5 (RB5), both common contaminants in various industrial
effluents. The strain was able to grow normally and decolorize 50 mg L™ RB5 within 24 h of
incubation in the presence of 0.629 m mol L™ of Cd®*. In order to evaluate strain performance
in RB5 detoxification, a cytotoxicity test using Human Embryonic Kidney cells (HEK293) was
used. Cadmium removal from culture media was determined using atomic adsorption. Even in
presence of (0.115 + 0.157 + 0.401 +0.381) m mol L™, respectively, of Cré*, Cd?**, Cu?* and
Zn?* in the growth medium, strain Gb30 successfully removed 35% of RB5 and 44%, 36%,
59% and 97%, respectively, of introduced Zn?*, Cu?*, Cr and Cd?*, simultaneously. In order
to understand the mechanism of Cd removal used by P. aeruginosa strain Gb30, biosorption
and bioaccumulation abilities were examined. The strain was preferentially biosorbing Cd on
the cell surface, as opposed to intracellular bioaccumulation. Microscopic investigations using
AFM, SEM and FTIR analysis of the bacterial biomass confirmed the presence of various
structural features, which enabled the strain to interact with metal ions. The study suggests that
Pseudomonas aeruginosa Gb30 is a potential candidate for bioremediation of textile effluents

in the presence of complex dye-metal contamination.

Keywords: dyes; heavy metals; resistance; biodegradation; co-removal; biosorption.
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1. Introduction

Progress in industrialization is a double-edged sword, improving the living conditions for
humans, but at the same time negatively impacting the environment by discharging huge
amounts of wastewater rich in organic and inorganic pollutants. Synthetic dyes and heavy
metals, considered as hazardous xenobiotics, are major pollutants present in several industrial
effluents (Huang et al., 2015; Ruta et al., 2010; Tastan et al., 2010). For example, Azo dyes,
known to be the most widespread dyes used in several industrial processes, such as the
manufacture of textiles, paints, pulp and paper, and in printing and tanning, generate highly
toxic effluents (Aksu, 2005; Durai and Rajasimman, 2011; Mishra and Malik, 2014; Anwar et
al., 2014; Sarker et al., 2015, Magbool et al., 2016). As a result of these industrial processes,
huge quantities of these compounds are discharged into the environment and cause serious
ecological problems. Due to their chemical composition (aromatic rings, azoic linkages and
amino groups), azo dyes are highly stable in both soil and aquatic environments (Imran et al.,
2015). Several reports described the effects of these pollutants and their biodegradation
products on living organisms (e.g. Mahmood et al., 2015). Other pollutants of great concern in
industrial wastewaters are heavy metals. Cadmium is judged to be a major threat to both
terrestrial and aquatic ecosystems and is present in a variety of industrial wastewaters (Pavlaki
etal., 2016; Rani et al., 2014). It is considered an extremely hazardous metal due to both toxicity
and carcinogenic properties, even at low doses (2.72 ug L) (Bernhoft, 2013; Feki-Tounsi et
al., 2013; Lacave et al., 2020; Pizzaia et al., 2019). Recent data suggested that human exposure
to Cd induces multi-system toxicity. It can affect the cardiovascular, immune, urinary, nervous,
endocrine and reproductive systems (Bernhoft, 2013). At the cellular level, Cd exposure
induces expression of oxidative stress proteins, inhibition of DNA repair systems and induction
of apoptosis (Rani et al., 2014). Previous reports confirmed the co-existence of Cd and dyes in

textile and tannery effluents (Ali et al., 2009; Fenta, 2014; Sarker et al., 2015; Tchounwou et
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al., 2012). Despite wide experimental studies of biological remediation for the removal of dyes
and heavy metals in recent years (Ali and EI-Mohamedy, 2012; Aryal and Liakopoulou-
Kyriakides, 2015; Ayangbenro and Babalola, 2017; Giovanellaetal., 2017; Hansda et al., 2016;
Solis et al., 2012), binary contamination with dyes and heavy metals remains a large
environmental threat, but removal of these pollutants using biological has received little
attention (Anwar et al., 2014; Huang et al., 2015; Magbool et al., 2016; Tastan et al., 2010).

Because industries require economically and environmentally sustainable wastewater
treatments effective against a range of potential pollutants, examining the abilities of micro-
organisms remove organic and inorganic xenobiotics from wastewaters is an urgent issue. Thus,
the aim of the work reported here was to evaluate the potential of Pseudomonas aeruginosa
strain Gb30 to simultaneously remove Reactive Black 5 and Cd in presence of a mixture of
other heavy metals. The mechanisms through which strain Gb30 is able to tolerate heavy metal

stress was also examined.

2. Materials and methods

2.1. Chemicals and reagents
Reactive Black 5 dye was purchased from Sigma-Aldrich (Germany). A stock solution with a
final concentration of 10 g L™ was prepared. The heavy metals stock solutions used were CdCl.
(0.5 mol L), CuSOs (0.25 mol L), KoCr207 (1 mol L) and ZnSO4 (1 mol L?). Methanol

used for HPLC was of analytical grade.

2.2. Bacterial strain, growth conditions and determination of the median effective

concentration of RB5



91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

Pseudomonas aeruginosa strain Gb 30 (KY655217.1) previously isolated from desert soil and
characterized and identified in our laboratory, was selected for this work (Louati et al., 2019).
Tolerance to Cd contamination was determined at the ECso (10 hours) and represented the
median effective concentration of Cd?" able to cause 50% inhibition of bacterial growth after
10 hours incubation at 37°C. Examination of RB5 decolorization in the presence of Cd was
carried out in LB medium, the pH of which was adjusted using standard NaOH and HCI
solutions. Cultures were inoculated with 5% (v/v) from a pre-culture with an ODgoonm Of 1.0
and supplemented with Cd?* at a concentration corresponding to the ECsp (10 h). The initial pH
was adjusted to 8 and 50 mg L final concentration of dye added. Cultures were incubated at

37 °C, under static conditions. Aliquots for further analyses were withdrawn at 12 h intervals.

2.3. Effect of Cd?* on bacterial growth and dye decolorization

Growth kinetics of control and Cd?* containing cultures were evaluated by dry weight biomass
determination during incubation. Color removal was analyzed using HPLC and UV-Visible
spectroscopy. RB5 biodegradation products were examined by HPLC, using a DIONEX
UltiMate 3000 (Thermo Scientific) C-18 column at room temperature. The mobile phase was
water / methanol (60 / 40 %) with a flow rate of 1 mL min™t. Compounds were detected using
an UV/VIS detector at 597 nm.

Absorption of culture samples was scanned in the range of 200-800 nm using an UV-Visible
spectrophotometer. Any RB5 remaining in the culture medium was determined by measuring
the optical density of a sub-sample of the cultures in the range of 400-800 nm using a JENWAY
7315 UV/Vis spectrophotometer. To investigate the effect of Cd?* ion concentration on RB5
removal, the decolorization rate was calculated for the first 24 h of incubation by plotting RB5
decolorization yield at different Cd** concentrations.

2.4. Cytotoxicity assessment of RB5 decolorization products
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2.4.1. Cytotoxicity assessment
Changes in cytotoxicity was examined based on the inhibitory effect of RB5 biodegradation
products on proliferation of the HEK293 (Human Embryonic Kidney cells 293) cell line. RB5
biodegradation products were obtained after incubation of P. aeruginosa Gb30 for 24 h under
static condition at 37 °C in presence of 300 mg L™ of dye. The culture medium was centrifuged
at 6000 rpm for 20 min at 4 °C and the supernatant filtered through 0.45 um filters before using
directly in the cytotoxicity assays. Cultures without dye and with untreated RB5 (300 mg L)
were considered as negative and positive controls, respectively. HEK293 cells were cultured in
96-well plates, containing DMEM supplemented with 10% foetal bovine serum, 50 1U mL*
penicillin, 50 mg mL? streptomycin, and incubated at 37 °C in a humidified 5% CO;
atmosphere until 40% confluence. The appropriate concentrations of the prepared samples were
added and cell cultures incubated for 48 hours. Culture run added with DMEM corresponds to
negative response.
2.4.2. MTT assay

The MTT test, based on the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) into purple formazan crystals by succinate dehydrogenase in the mitochondrial
respiratory chain of the HEK293 cells, was used to assess viability. After incubation, the culture
medium was removed and cells washed twice in PBS1X. Fresh medium (100 pL) containing
10 uL MTT solution (5 mg mL™* in PBS) was added. Four hours later, in order to dissolve the
formazan, 100 pL of 10% SDS solution was added to each well. Optical density was measured
at 570 nm using a Varioskan microplate reader (Thermofisher). Percentage cell survival in the

presence of untreated and degraded RB5 was calculated as follows:

A
cell survival (%) = A—T * 100 Eq (1)
c

Where:

Ar: is the absorbance at 570 nm of treated cells


https://en.wikipedia.org/wiki/Di-
https://en.wikipedia.org/wiki/Methyl
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https://en.wikipedia.org/wiki/Phenyl
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Ac: is the absorbance at 570 nm of control cells
2.5. Heavy metal removal
2.5.1. Metal removal kinetics
Residual Cd?* ion concentration in the culture medium was determined by atomic absorption
(Fisher Scientific ice 3000) at 12 hour intervals. To investigate the adsorption process, pseudo-first
and pseudo-second order kinetic models were fitted to the experimental data. The pseudo-first order

model equation proposed by Lagergren (Lagergren, 1898) assumes that the rate of occupation of

sorption sites is proportional to the number of unoccupied sites and is expressed as follows:

q ={deq" (1 - e_kllt) Eq (2)
Where

g: quantity of Cd biosorbed per unit of mass of cells
Oeq: quantity of Cd biosorbed per unit of mass of cells at equilibrium
k, (min 1) is the adsorption rate constant.

The pseudo-second order model described by Ho and McKay (Ho and McKay, 1999) assumes that
adsorption follows second order chemisorption. This model was used to explain the sorption kinetics

using the following expression:

kz'ng't

_ Eq (3
T T kg qeg t q(3)

where k, (g mg™ min) is the adsorption rate constant of the pseudo-second order adsorption.

Cd removal in the presence of a mixture of three heavy metals (Zn?*, Cu?* and Cr®*), containing
ECso (10 h)/4 of each heavy metal concentration (equivalent to 0.115 + 0.157 + 0.401 +0.381
m mol L of Cr8*, Cd?*, Cu?* and Zn?*, respectively, was also investigated. The ability of strain
Gb30 to remove several heavy metals simultaneously was assessed by atomic adsorption

analysis of residual heavy metals in the mixture.
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2.5.2. Bioaccumulation and biosorption assays
In order to understand Cd uptake by P. aeruginosa strain Gb30, adsorption of the metal to the
bacterial surface and accumulated inside the cell was determined. Briefly, LB culture medium
containing ECso (10h) CdCl, and 50 mg L™ RB5 was inoculated with 5% from a culture of
strain Gb30 (DO= 1.0) and incubated for 24 h at 37 °C. After incubation, bacterial cells were
harvested by centrifugation at 6000 rpm, 4°C, and washed 3 times in milliQ water with repeated
centrifugation. Subsequently, the pellet was suspended in 10 mL of 20 Mmol L*
ethylenediaminetetraacetic acid (EDTA) and left-over night for desorption of the cell surface
bound Cd. After centrifugation, the quantities of Cd accumulated inside the cells and adsorbed
on the cell surface were measured in the bacterial pellet and the supernatant by atomic
absorption (Fisher Scientific ice 3000).

2.5.3. Morphological analysis

2.5.3.1.  Fourier transform infrared spectroscopy (FTIR)

In order to investigate the potential functional groups responsible for Cd?* ion uptake on
Pseudomonas aeruginosa, bacterial biomass grown in the presence and in absence of Cd?* was
collected, washed twice in milliQ water, lyophilized and the IR spectrum recorded in the range

650-4000 cm™ on a Cary 630 FTIR, Agilent technologies spectrophotometer.

2.5.3.2.  Scanning Electron Microscopy (SEM)
The effect of heavy metals on bacterial cell morphology was examined using SEM. Bacterial
pellets were prepared from cultures with and without Cd, as described above, fixed in 4 %
formaldehyde in phosphate buffer for 30 min and washed three times in 0.1 mol L phosphate
buffer solution (pH 7.4). Samples were dehydrated in serial ethanol dilutions (25%, 50%, 60
%, 70%, 80%, 90% and 100%) before sputter coating (cathodic spraying) with gold. Cell
morphology was evaluated using a JEOL (JFC-1100E) scanning electron microscope using an

accelerating voltage of 15 kV.
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2.5.3.3.  Atomic Force Microscopy (AFM)
AFM analysis of cells grown in control cultures and in heavy metal-stressing conditions is a
means of assessing toxicity. Damaged cell morphology can clearly illustrated using AFM
through high resolution topographical images of cell surfaces. For AFM analysis samples were
prepared according to Chao and Zhang (2011). Bacteria cultured in presence and absence of
Cd?" ions were harvested and washed twice in PBS, fixed in 4 % paraformaldehyde, washed in
deionized water and placed on a previously prepared clean glass slide for air drying. Glass slides
were left overnight in ethanol/HCI (70:1/v:v) before sonicating twice for 10 min in sterilized
deionized water. The washed slides were dried at room temperature in sterile Petri dishes. AFM
micrographs were recorded with silicon cantilever Tap190Al-G with force constant 48 N/m, in
the distance mode via the Nanosurf Easyscan 2 Controller. The data generated from some of
the AFM height images were used to calculate surface roughness of the bacterial cell exterior.
The root mean square (Rmms), corresponding to the roughness of the samples, was calculated

with the following expression:

where, N is the total number of data points, zi is the roughness of the it point,zm is the average

roughness.

2.6. Statistical analysis
Data were summarized as the meantSD of three independent experiments. Comparisons
between treatments for all experiments were performed using the Student’s test, with

significance at P<0.05.
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Kinetics models as well as parameter estimation for each model were fitted to non-linear regression
models using Matlab R2010a (The Math Works, USA) software. The quality of fit for each model fitting
was tested by calculating coefficient of determination (R?), adjusted coefficient of determination (RZ%g;),
root mean squared error (RMSE) and sum of squared error of prediction (SSE). The best model was

chosen from the comparison between the four defined statistical criteria.

3. Results and discussion

3.1. Effect of Cd?*ions on growth and RB5 decolorization
The effect of addition of Cd?* on growth and decolorization ability of P. aeuriginosa Gb30 was
examined. In the first ten hours of incubation, the ECs0(10h) of CdCl2 was estimated to be 0.629
m mol L. At this concentration, bacterial growth was slightly affected for the first 24 h, but
proceeded normally for the next 48 h compared to Cd-free cultures. As decolorization was a
rapid process, RB5 removal from the culture medium in presence of ECso(10h) of CdCl, was
affected in the first 12 h of incubation, but reached a maximum at 24 h (Fig.1). After 12 h
incubation, 75% and 25% of the initial RB5 concentration was removed in the Cd-free and Cd-
containing cultures, respectively; totally degradation had occurred by 24 h for both cultures.
UV-Vis spectra of RB5 decolorization over 72 h confirmed that decolorization was total
finished within the first 24 h of incubation (Fig.2). Compared to the untreated dye, HPLC
spectra of RB5 biodegradation in the presence Cd?* after 24 h of incubation confirmed the total
degradation of the dye; new peaks that appeared in the spectra corresponded to the degradation
products (Fig.2). Decolorization rate was slightly decreased in cultures as the Cd?* ion
concentrations reached 100 mg L. The decolorization rate decreased from 2.25 to 1.7 mg L*
h™! between Cd concentrations from zero to 100 mg L. Above this concentration, a sharp

decrease in the decolorization rate occurred, and the process was totally inhibited at 250 mg L

1

10
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Increasing concentrations of Cd?* ions also extended the lag phase for decolorization (Soni et
al., 2014). Although Cd is known to be toxic through disruption of the cellular enzymatic
systems and oxidative damage to DNA (Gui et al., 2017), strain Gb30 exhibited high resistance
toward Cd?* ions and decolorization processed normally at high Cd concentrations. This result
suggests the existence of an efficient enzymatic system able of degrading azo dyes co-existing
in solution with Cd. Increasing heavy metal concentrations in culture media damages cell
growth, probably based on competition by Cd?* ions for metabolic sites in enzymes such as
reductases, which require essential metals for activity. There are previous reports on the ability
of P. aeruginosa strains to decolorize dyes in the presence of different heavy metals (Magbool

et al., 2016; Soni et al., 2014).

3.2. Cytotoxicity assessment of RB5 decolorization products
3.2.1. MTT test
Survival of HEK293 cells in cultures to which RB5 biodegradation products were added was
significantly higher (p<0.05) compared to cells cultured in the presence of 300 mg L™ untreated
dye (Fig.3). At a concentration of 300 mg L, the azo dye clearly caused a cytotoxic response,
decreasing cell viability by 50% with respect to the control treatment, while the biodegradation
products were less toxic to HEK293. Although several previous studies suggested that
decolorization does not always lead to detoxification (Ben Mansour et al., 2009; Dellai et al.,
2013), the results obtained in the present work confirmed that P. aeruginosa Gb30 was able not
only to decolorize but also to detoxify RB5. Similar findings were obtained by Kolekar and
Kodam (2012) based on the MTT assay using the L-929 cell line to evaluate degradation

products of Reactive Blue 59 by Alishewanella sp. KMKG®.

3.3. Cd removal in multi-heavy metal containing medium

11
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Examination of Cd removal in dye-containing medium over 72 h demonstrated that strain Gb30
removed more than 50% and 70% of the 0.629 m mol L™ of added Cd, respectively, within 12
and 24 h. Cd uptake was constant for the remaining 48 h of incubation. These data showed that
both pseudo-first and pseudo-second order models correlated well with the experimental
findings (Table 1). However, the pseudo-first-order model was found to fit most closely (R2 >
0.989), compared with the second model. These results suggest that the Lagergren kinetic model
best described the adsorption of Cd onto bacterial biomass. The media containing multiple
metals in mixture (0.115 + 0.157 + 0.401 + 0.381 m mol L? of Cr®, Cd?*, Cu?* and Zn?*,
respectively) showed that Cd was removed to a greater extent than the other heavy metals. Strain
Gb30 not only removed the dye-Cd complex from the culture medium, but also removed other
metal ions, reducing concentrations of Zn?*, Cu?*, Cr® and Cd?* by 44, 36, 59 and 97%,
respectively, at the same time (Fig.4). Cd removal was 97% in the first 12 h of culture, despite
the presence of other heavy metals in the culture medium (Fig. 4). However, exposure to
multiple metal ions clearly reduced RB5 degradation, as the decolorization yield was only 35%
after 24 h of incubation (data not shown). The decrease in Cd uptake from 0.44 m mol L in
the single metal solution as compared to to 0.15 m mol L in the multi-metal containing culture
can be attributed to saturation of metal-binding sites responsible for heavy metal uptake on the
cell surface (Giovanella et al., 2017). This study was unique in that P. aeruginosa Gb30
efficiently and simultaneously removed Cd and RB5 in a binary system and co-eliminated the

dye and four heavy metals in a complex mixture.

3.4. Cd removal mechanism
To understand how P. aeruginosa Gb30 was able to resist or tolerate the presence of heavy
metals in complex dye-metal contaminated mixtures, biosorption and bioaccumulation

mechanisms were assessed. Quantification of Cd in pelleted bacteria and the associated

12
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supernatant after metal desorption with EDTA solution demonstrated that almost all added Cd
was present in the supernatant; it was not detected in the cell pellet. Incubation of the bacterial
cells in the presence of EDTA, a metal chelating agent, resulted in desorption of Cd from the
cell walls and release into the supernatant. Clearly, the Cd accumulated onto the bacterial cell
surface suggesting that Ch30 used biosorption to avoid heavy metal transport across the cell
membrane, instead of accumulating Cd inside the cell. Giovanella et al. (2017) obtained similar
results, confirming that large amounts of Cd, Ni and Pb accumulated on the surface of
Pseudomonas sp. B50D cell walls.

Cd biosorption onto bacterial biomass was previously described by Huang and Liu (2013) and
Ziagova et al. (2007). Cd binding occurs by a combined or single biosorption process, including
physical adsorption, ion exchange, complex formation and precipitation (Ayangbenro and
Babalola, 2017; Hansda et al., 2016). In Gram-negative bacteria, cell membrane phosphate
groups in phospholipids and lipo-polysaccharides were the primary sites for metal binding
(Beveridge and Murray 1980). Moreover, Pseudomonas species are well known for their
abilities to synthesize extracellular polymers with important roles in metal chelation (Gupta and
Diwan, 2017). Giovanella et al., (2017) showed that Pseudomonas sp. B50D used reduction,

biosorption, siderophore production and biofilm formation in the bio-removal of metals.

3.5. Morphological characterization

35.1. FTIR

FTIR scanning of Pseudomonas aeruginosa biomass revealed the presence of all the typical
peaks corresponding to the major cell components (lipids, proteins, nucleic acids and
carbohydrates) with functional groups including carboxyl, hydroxyl, aldehydes, ketones amide
and phosphates which may be involved in heavy metal uptake (Fig.5). In the 3800-2800 cm™*

region several bands were prominent: the band at 3272 cm™ corresponded to stretching

13
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vibration of bonded- and non-bonded hydroxyl groups and water. Peaks at 2924 and 2848 cm’
! indicated the presence of both symmetrical and asymmetrical C-H stretching, corresponding
to aliphatic methylene groups. The sharp peak at 1641 cm™ is attributed to stretching vibration
by C=C, C=0 and COO- groups of cyclic alkenes, ketones, aldehydes and carboxylic acids.
The peak at 1540 cm™ could be explained by the presence of amide | and amide Il stretching in
cell proteins, whereas the peak at 1457 cm™ was due to CH; binding of lipids. The peak at 1394
cm? is due to vibration of C-O groups in carboxylate ions. Nucleic acid and phospholipids
cause asymmetric stretching of PO, groups, producing a peak at 1235 cm™. Vibration of C-O-
C, C-0O, C-O-H, C-O-P groups in esters, phosphodiesters and polysaccharides results in a peak
at 1077 cm™.

FTIR analysis of P. aeruginosa cell biomass showed differences between Cd-treated and
control cells. There was a small decrease in the band at 1077 cm™ and new peaks appeared at
1028 cm™ and 891 cm?, indicating increases in phosphodiesters and polysaccharides involved
in metal binding on the cell surface . C—OH, and C—O-C groups may also be involved in Cd
binding (Tarangini, 2009). These results agree with reports demonstrating extracellular
polymeric substances (EPS) produced by microorganisms in complex formation with heavy
metals. For example, Boggs et al. (2016) showed that cell-bound EPS of Pseudomonas sp. strain

EPS-1W facilitated redox transformation and sorption of Pu on the cell surface.

3.5.2. SEM analysis
Pseudomonas aeruginosa Gb30 cells were rod-shaped with a smooth surface when cultivated
in Cd-free medium. Cells formed agglomerates and dividing cells were present. Following
exposure to 70 mg L Cd?*, little change in cell size was observed (Fig.6). Size reduction is
considered a mechanism adopted by micro-organisms to cope with the environmental stress;

similar findings were reported by Naik and Dubey (2011) and Zeng et al. (2009), respectively,
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when P. aeruginosa strain 4EA was exposed to 0.8 mM Pb or P. aeruginosa strain E; was
cultured in medium with 3 m mol L Cd. A significant reduction in Pseudomonas sp. B50D
cell size when exposed to 1 m mol Lt Cd was also described by Giovanella et al., (2017).
Further morphological changes were also previously described, including increases in cell
fimbriae (Giovanella et al., 2017) or the formation of filamentous shapes (Chakravarty and

Banerjee, 2008; Mohamed Fahmy Gad El-Rab et al., 2006).

3.5.3. AFM
Surface changes on Cd-treated P. aeruginosa Gb30 cells were investigated using AFM
microscopy in comparison with untreated cells. The length, width and height of the control cells
were 1.23+0.13, 0.63+0.06 and 0.517+0.08 um, respectively. In the presence of 70 mg L Cd,
no significant changes in cell length, width or height occurred (P>0.05), corroborating the SEM
results. To evaluate the impact of Cd on the cell surface, roughness analysis was used, as the
measurement describes changes in surface topography. Consistent with the adsorption analysis
results, the surface of control cells was relatively homogeneous with an Rims value = 32.53+4.72
nm but on exposure to Cd became significant heterogeneity with an Rrms value = 65.14+12.94
nm (P<0.05). These results supported the previous suggestion that Cd removal by strain Gb30
included surface adsorption. Although external proteins and lipopolysaccharides regulate
surface changes of Gram-negative bacteria in stressful conditions, Ramya and Thatheyu (2018)
reported that exposure of bacteria to heavy metals leads to changes in the surface architecture

of the outer membrane as reflected by an increase in roughness.

4. Conclusion
Co-removal of dyes and heavy metals by Pseudomonas aeruginosa Gb30 in culture was
demonstrated. The bacterial strain exhibited effectively removed Cd from culture fluids, with

simultaneously detoxifying the dye RB5. The strain was highly tolerant/resistant to the presence
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of a heavy metals mixture, and able to remove zinc, copper and chromium ions in addition to
Cd. The mechanism of Cd removal was adsorption. The performance of P. aeruginosa Gb30 in
simultaneous removal of dyes and heavy metals makes the strain an attractive candidate for the

bioremediation of multiple contaminants in wastewaters.
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568  Figure 1: Bacterial dry weight (left) and decolorization kinetics of RB5 (right) in presence (

569  ®/4)or absence ( ©/%) of EC50 (10h) concentrations of Cd?*.
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574  Figure 2: HPLC chromatograms of untreated RB5 (a) and its biodegradation products in
575  presence of cadmium (b). HPLC conditions: C-18 column at room temperature with a water /

576  methanol (60 / 40 %) flow rate of 1 mL min™.
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580  Figure 3: Cytotoxic effects of RB5 on HEK293 cells before biodegradation (Untreated RB5)
581  and after bacterial treatment with P. aeruginosa strain Gb30 (Treated RB5) compared to normal

582  cells (control).
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585  Figure 4: Removal of heavy metals from P. aeruginosa Gb30 cultures containing a mixture of
586  Cré*, Cd?*, Cu?* and Zn?* at 0.115, 0.157, 0.401 and 0.381 m mol L™, respectively, determined

587  using atomic absorption.

588  Fig.5

27



100

90 /-
g 2848
v 804 2924
| =
[1+]
B 32728
=
2 70
S <
|_.
60
Cell
Ce”_Cdz* 1641.7
50 ] 1 I 1 I I
4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm?)
589
590 Figure 5: FTIR spectra of Pseudomonas aeruginosa Gb30 biomass before (Black
591 line) and after exposure to Cd (Red line).
592  Fig.6
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594

595

596

597

598

Figure 6: SEM micrographs of Pseudomonas aeruginosa in Cd-free medium (A, B) and Cd-

containing medium (C, D).

29



599  Table 1: Kinetic constants and statistical parameters of cadmium biosorption onto biomass of

600  Pseudomonas aeruginosa Gb30.

Model ki (hY)  ko(mgglh) geg(mgg?) R? R2gj SSE RMSE
Pseudo-first order 0.1368 - 548.2 0.9892 0.9866 2571 25.35
Pseudo-second order - 0.0005161 583.7 0.9774 0.9717 5407 36.77
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