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ABSTRACT

Current study deals with the biosorption of Safranin O dye from water by using high potential Bacil-
lus subtilis biosorbent material. The presence of functional groups and surface morphology of biosor-
bent was analyzed by using sophisticated analytical techniques such as FT-IR (Fouirer Transform Infrared
Spectrophotometer), SEM (Scanning Electron Microscopy), EDX (Energy Dispersive X-Ray Analysis), and
TGA (Thermogravimetric Analysis). To check the dye removal potential of Bacillus subtilis sorbent, batch
adsorption experiments were performed under the optimized conditions. The biosorption experiments
showed that the Bacillus subtilis sorbents remove 80% of safranin O dye from water. The biosorption
mechanism is depends upon the solution pH thus the maximum biosorption was observed at (5.5-6.5).
Moreover, the biosorbent dose has been optimized and it has observed that the maximum concentra-
tion of safranin O dye has been removed using the 50 mg.L-! of Bacillus subtilis. The biosorption equi-
librium data were well fitted by the Langmuir adsorption isotherm due to good regression coefficient
value (R?=0.98) and better Langmuir capacity (0.383 mmol.g~!), while the kinetic studies indicated that
the biosorption followed the pseudo-second-order model. The thermodynamic parameters values showed
that the biosorption is process is endothermic and spontaneous nature. In addition, molecular docking
was also performed to examine the interaction between the safranin O dye molecule and the Bacillus
subtilis bacterial cell line.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

ever, these technologies are generally ineffective in sufficient de-
coloration, relatively expensive, and less adaptable to novel prob-

Treatment of dye contaminated water in industrial outlets is
an ever growing problem which demands innovative technologi-
cal solutions [1]. They are characterized by high alkalinity, high
biological- and chemical oxidation demands, and high solid con-
tent [2,3]. Furthermore, synthetic-aromatic dyes are highly recalci-
trant to biological degradation [4,5].

Dye contaminants in wastewater are generally removed by
physical or chemical treatment processes. These include electro-
flocculation, membrane filtration, flotation, ion exchange chro-
matography, electro-kinetic coagulation, electrochemical degrada-
tion, ozonation, precipitation, irradiation, and catox purification,
involving the use of mixtures of activated carbon and air. How-

* Corresponding author.
E-mail address: serapcetinkaya2012@gmail.com (S. Cetinkaya).

https://doi.org/10.1016/j.molstruc.2022.134761
0022-2860/© 2022 Elsevier B.V. All rights reserved.

lems [5,6].

Biological adsorption (biosorption) methods to eliminate dyes,
efficiency, cost-effectiveness, low maintenance, etc. It is advanta-
geous in terms of today’s physical and chemical techniques. Sim-
plicity and low cost make adsorption a systematic method for dye
removal from aqueous solutions. Changing the surface chemistry of
adsorbents usually improves adsorption [7,8].

Biosorption is also a promising technology both in the removal
and in the recovery of heavy- and precious-metal contaminants [9].
Biomasses of, bacteria, fungi, sludge, algae, yeast, and by-products
of agricultural industry have recently been exploited as the sources
of biosorbent [10]. Biosorption of ionic pollutants usually takes
place through the functional groups on the biomass surface [11].

The biosorption properties of bacterial biomass have been well
documented [12,13]. It often occurs via electrostatic forces as well
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as covalent bonding. The most important component of microbial
biosorbent appears to be the cell wall and bacteria has two main
types: Gram-positive and Gram-negative. Here two anionic func-
tional groups in the thick peptidoglycan and in teichoic acids play
the crucial role in the binding of metal ions [11,14]. The mode of
uptake of solutes by dead/inactive cells is therefore extracellular
[5,15].

Bacillus subtilis is one of the bona fide source of biosorbent
compounds. The structure of its cell wall is well known and con-
sists mainly of teichoic acid and peptidoglycans. Teichoic acid
is a bacterial copolymer of glycerol phosphate or ribitol phos-
phate, mainly exposing phosphate and hydroxyl groups. Peptido-
glycan, also known as murein, is a polymer composed mainly of
N-acetylmuramic and N-acetylglucosamine acids that exhibit car-
boxylic and hydroxyl functional groups [16,17].

Safranin (3, 7-diamino-2, 8-dimethyl-5-phenylphenazine-5-ium
chloride) is the known oldest water-soluble synthetic dye. It is gen-
erally used for dyeing cotton, fibers, leather, paper, silk, tannin, and
wool. It is also widely used as a colorant in the food and textile in-
dustries [18].

In this study, the biosorption of safranin O dye on the biomass
of Bacillus subtilis was investigated. Bacillus subtilis has high physi-
ological activity as the biosorbent material. Bacillus members are
widely distributed in the nature. The biosorption of safranin at
solid/liquid interfaces was studied under the equilibrium condi-
tions. Factors influencing the biosorption, namely, temperature, ini-
tial pH of the dye solution, and biosorbent concentration, were in-
vestigated. Finally, kinetics of the biosorption was assessed.

2. Materials and methods
2.1. Isolation and identification of Bacillus subtilis

The isolate was found in orchard soil samples (Camlibel, Tokat,
Turkey). Isolation was carried out as described [19] and stored [20].
Identification was based on the V3-V4 variable region sequence
of 16S rRNA gene. Genomic DNA was extracted and used as the
template [21,22]. Sequence information was obtained in the Illu-
mina MiSeq at Sivas Cumhuriyet University Advanced Technology
Research and Application Center (CUTAM) and stored in GenBank
(Accession number: OM146541). The isolate was identified using
BLAST [23]. The sequence was then analyzed by MAFFT program
[24] and a phylogenetic tree was built using the Kimura-2 ge-
netic distance model and Neighbour-joining (NG) method [25,26]
(Fig. 1). The tree topology was tested for 500 times by Bootstrap
method.

2.2. Preparation of the biosorbent

A bacterial culture, 150 mL, was obtained in a 250 mL flask,
by incubation for 24 h at 37 °C at 150 rpm and. The cells were
pelleted by centrifugation for 10 min at 5000 rpm (Eppendorf 128
5804, Germany). The cells were weighed after drying for 24 h at
105 °C.

2.3. Batch biosorption experiments

Stock solution of 1000 ppm of Safranin O dye was prepared in
deionized water. All the biosorption experiments were carried out
25 °°C by shaking 50 mg of biosorbent in 50 mL dye solution and
equilibrated for 60 min to ensure proper agitation. The solution pH
was adjusted (2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12) using 0.01 M so-
lution of HCI/NaOH. The pH experiments were studied by shaking
50 mg biosorbent in 50 mL of dye solution at different pH and
25°C for 60 min. Isothermal and kinetic studies were conducted
at 25 °C, whereby 50 mg of biosorbent was kept in contact with
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50 mL of dye solution of varying concentrations (10-250 mg/L)
at different time intervals (5-140 min) at pH 5.5. The biosorbent
from the solution mixture was separated by centrifugation at pre-
determined time-intervals [27]. Then remaining dye concentration
in the solution was analyzed by using UV-Visible spectrophotome-
ter at 530 nm. The adsorption percentages and adsorption capaci-
ties were calculated using the Eqs. (1) and 2.

G-C
% Adsorption = 'Tf x 100 (1)
i

_ (Ci _ Ce)v
- m

e (2)
Where C; and C; are the initial and final concentrations, Ce is
the equilibrium concentration of Safranin O dye.

2.4. Computational detail

Docking Server was preferred as the docking calculation pro-
gram. Safranin has been optimized in MMFF94 in the server.
The load calculation method was chosen as Gasteiger. pH = 7.0
was taken for all calculations. In docking calculations, grid maps
90 x 90 x 90 A (x, y and z) and Lamarckian genetic algorithm
(LGA) and Solis & amp; wet local search method was used. The
population size was set to 150. A translation step of 0.2 A and a 5 A
quaternion and torsion steps were applied during the search for
the appropriate region of the target protein of the molecules stud-
ied [28]. Application of the PM6 semi-empirical method to model-
ing proteins enhances docking accuracy of AutoDock. A semi em-
pirical free energy force field with charge-based desolvation [29].

3. Results and discussion
3.1. Characterization of biosorbent

3.1.1. FT-IR study

Fourier transform infrared (FTIR) technique plays an important
role to investigate the interaction between the surface of the ad-
sorbent and the dye by identifying the characteristic adsorption
bands of the materials [30]. The FTIR spectra of Bacillus subtilis
and Safranin O dye were studied within the range of 400-4000
cm~! and were shown in Fig. 2. As shown in the FTIR spectrum
of Bacillus subtilis, amide A band, one of the characteristic bands
of proteins, was observed at 3271 cm~! [31]. The peak at 2927
cm~! was attributed to CH, asymmetric stretching of acyl chains
of lipids [32]. The peaks centered at 1634 cm~! and 1538 cm™!
were assigned to amide I and amide II bands which were two ma-
jor peaks of the protein infrared spectrum [31]. The adsorption
band at 1396 cm~! corresponded to COO~ symmetric stretching
vibration of amino acids [33]. The peaks located at 1232 cm~! and
1057 cm~! were assigned respectively to asymmetric and symmet-
ric stretching of PO, ~stemmed from C-O-P stretching of proteins
and lipids [34]. After exposing the Bacillus subtilis with Safranin O,
new adsorption bands occurred. The peak that appeared at 3196
cm~! was generated by the N-H group which confirmed the in-
teraction between the dye and cell wall of the bacteria [35]. The
peaks centered at 1641 cm~!, 1611 cm~!, 1529 cm~! and 1493
cm~! were the result of the C=C stretching vibrations which could
support the presence of an aromatic structure [36,37]. Also, C-N
stretching of aromatic tertiary amine was observed at 1328 cm™!
[36]. From the result of FTIR analysis, it was concluded that the
Safranin O molecules were biosorbed on the surface of Bacillus sub-
tilis by interacting with carboxyl and hydroxyl groups presented on
the cell wall of bacteria [38].
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—1: CP054584.1:172946-173403 Bacillus subtilis
MW240396.1:300-757 Bacillus halotolerans strain 1-1

CP061284.1:9794-10252 Bacillus halotolerans

CP054584.1:167940-168397 Bacillus subtilis

CP054584.1:97514-97971 Bacillus subtilis

—|: CP054584.1:31465-31922 Bacillus subtilis
MN931328.1:282-739 Bacillus mojavensis strain YZYP514

CP054584.1:91659-92116 Bacillus subtilis

CP054584.1:10986-11443 Bacillus subtilis

svi
—|: JX490123.1:294-760 Bacillus subtilis strain REN16N
MW255302.1:231-697 Bacillus subtilis strain dps3
—|: MN339897.1:314-771 Bacillus sp. (in: Bacteria) strain MGB 0921

MT641227.1:346-803 Bacillus subtilis strain CFR08

,— MT641225.1:428-885 Bacillus halotolerans strain CFR06

‘— CP063276.1:9796-10253 Bacillus mojavensis

MT636460.1:299-756 Bacillus subtilis strain MLO07

CP054584.1:162315-162772 Bacillus subtilis

CP063276.1:101172-101629 Bacillus mojavensis

MT487690.1:299-756 Bacillus halotolerans strain MPF58

20

MW171269.1:265-722 Bacillus halotolerans strain MOSEL-MD12

MW241065.1:293-750 Bacillus mojavensis strain P5/1

—|: MT559809.1:300-757 Bacillus subtilis strain 65.5
CP051464.1:937994-938451 Bacillus mojavensis

Fig. 1. Dendrogram of Bacillus subtilis strains and SV1 isolate.

3.1.2. SEM-EDX analysis

SEM images of the bacterial cell surface before and after the
biosorption process of Safranin O dye at 20 kx were shown in
Figs. 3(a and c). Before treatment, agglomerated bacterial cells
were rod-shaped and had smooth surfaces [39]. However, the mor-
phology of dye-treated cells changed significantly and the cell sur-
faces became rough, uneven and spongy [40]|. The morphologi-
cal changes were attributed to the Safranin O dye which inter-
acted with the functional groups, responsible for the biosorption,
of the cell surface and deposited onto biomass [8]. These findings
agreed with the information provided by the EDX analysis which
is a useful examination to determine the elemental characteristics
of biosorbent. The results obtained from EDX showed that the el-
emental composition changed after biosorption process Figs. 3(b
and d). The content of C and Cl~ (wt%) increased from 59.28 and
1.10 to 62.03 and 2.23 respectively due to the presence of chlorine
ions and the high carbon content of the dye. This analysis con-
firmed that the Safranin O dye was biosorbed on the cell surfaces
of Bacillus subtilis.

3.1.3. TGA analysis

The TGA has been performed to check the thermal stability of
biosorbent (Fig. 4). TGA analysis demonstrates that the thermal
degradation of biosorbent takes place in two steps; first step is
from 60 to 200 °C with (10%) loss of adsorbed water molecules
while the organic material of biosorbent show weight loss of
(above 60%) at temperature 200 °C to 600 °C. The major losses
have been noticed at 300 to 500 °C that was due to the combus-
tion of biosorbent organic material and functional groups. In liter-
ature, many researchers used TGA to examine the thermal stabil-
ity of biosorbent such as orange peel waste biosorbent were pre-
viously applied for the water treatment and characterized by TGA

techniques. Similarly another researcher characterized Bacillus sub-
tilis biosorbent using TGA technique and applied for the removal of
MB (methylene blue) dye from water.

3.14. XRD characterization of biosorbent material

X-ray diffraction analysis (XRD) is a most common analytical
technique used in the field of science and technology to charac-
terize the crystallographic structure of a material. This techniques
is based on by irradiating a solid material/sorbent with incident
X-rays and then measuring the intensities and scattering angles
of the X-rays that leave the material/adsorbent and the materials
are identified on their diffraction pattern. In sorption phenomenon,
sorbent materials are made up of regular arrays of atoms/particles,
and these particles scatter incident X-rays, through their interac-
tion. Herein, the biosorbent material has been characterized by
XRD technique Fig. 5a, which shows that material has less crys-
tallinity and has some angles at (24.3, 33.2, 42.2 and 48.6), which
shows that biosorbent is amorphous in nature. Due to less crys-
tallinity and amorphous nature of biosorbent, it shows high ad-
sorption capacity for the sorption of safranin O dye (Fig. 5b).

3.2. Effect of pH

Fig. 4 demonstrates the effect of pH on the biosorption of
Safranin O dye at the equilibrium condition using Bacillus subtilis
biosorbent material. It is clear in Fig. 6 that the percentage of
biosorption was maximum at pH 5.5. At higher acidic medium, the
biosorbent surface has been protonated which effect the binding
cites of biosorbent while at basic medium, the amine groups of
dye molecules are deprotonated, and produced electrostatic repul-
sion forces between biosorbent and dye molecules. Thus, the opti-
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Fig. 2. FT-IR spectra of Bacillus subtilis before (a) and after (b) the biosorption process of Safranin O dye.

mized pH was 5.6 and other experiments were carried out at this
pH.

3.3. Effect of biosorbent dosage

The effect of Bacillus subtilis dosage on the biosorption of
safranin O dye was investigated and it has been found that the%
adsorption is increased as the dosage increased up to 50 mg.L~! as
shown in Fig. 7. The addition of further higher doses has no sig-
nificant effect on adsorption percentages due to almost saturation
of binding sites of Bacillus subtilis biosorbent, thus, the adsorption
capacities (g.mol~1) were decreased.

3.4. Isotherm models

The biosorption equilibrium models play an important role in
the adsorbate-adsorbent interaction phenomenon. The Langmuir
isotherm model is most commonly used to explore the monolayer
adsorption of a solute onto solid surface and it also calculate the
maximum uptake values of adsorbate. Mathematically Langmuir
model can be calculated using following Eq. (3) while the essential

characteristics of the Langmuir model can be calculated by using
Eq. (4).

(&)= (@)+(3) ™

1

R=——
T A +bG)

(4)

Where Q (mol.g™!) is the Langmuir uptake capacity, b (L.mol~1)
is the Langmuir constant, Ce is the equilibrium concentration.
Thus, the Langmuir model has been applied on biosorption data,
and it was observed that the equilibrium data of Safranin O dye
was best-fitted by the Langmuir equation with good correlation
coefficient (R2=0.98) (Fig. 8) as well high Langmuir biosorption ca-
pacity (0.33 mol.g~!) (Table 1). The R; parameter values of Lang-
muir describe the nature of biosorption process (irreversible R; =0,
favorable 0 < R; < 1, linear R, 1 or unfavorable R; > 1). Herein,
R; ranged from 0.5-0.95 (Table 1) for the biosorption of Safranin O
dye which confirming the favorable biosorption process by Bacillus
subtilis biosorbent.
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Fig. 3. SEM-EDX images of Bacillus subtilis before (a, b) and after (c, d) the biosorption process of Safranin O dye.

120 Table 1
The Langmuir, Freundlich and D-R equilibrium models constant values for the ad-
100 1 sorption of Safranin O dye from water using bio-sorbent.
Parameters Langmuir Freundlich D-R
80 1 Q (mmol.g1) 0.383 _ _
<« b 48.28 _ _
© 60 1 R, 0.5-0.95 _ _
N A(mol.g1) _ 141.2 _
40 1/n _ 0.659 _
n _ 1.517 _
20 4 Xm (mol.g-1) _ _ 0.00193
E(KJ/mol) _ _ 9.533
R? 0.9834 0.971 0.920
0 T T T

0 100 200 300 400 500 600 700 800 900
T°C

Fig. 4. Thermogravimtric curve of biosorbent.

The Freundlich biosorption equilibrium model explains the re-
versible and heterogeneous multilayer surface formation. Herein,
the biosorption equilibrium data was subjected towards the Lang-
muir model by using equation 5. Therefore, the graph has been
plotted between the logC. vs logCads (Fig. 8), from the slop and
intercept the constant values (A and 1/n) were calculated (Table 1).

According to the data of the fitted models, Langmuir model fits
slightly better with better correlation coefficients compared with
Freundlich isotherm, indicating the process to correspond to mono-
layer adsorption. Generally, as the (A) value decreases the biosorp-
tion capacity of the biosorbent-material is decreased, while the 1/n
values suggest less importance of heterogeneity in the biosorption
phenomenon.

10gCog = logA + (%) logC, (5)
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The D-R biosorption isotherm model is helpful to discriminate
the physical/chemical biosorption process. Thus the graph has been
plotted between (&) vs InCads (mol.g=!) (Fig. 8) by utilizing Eq. (6).

InCogs = InXy, — Be? (6)

Based on the D-R model results (Table 1), t (Xm=
0.00193 mol.g!, E = 9.533 K].mol~!) suggested that the biosorp-
tion phenomenon is chemisorption in nature.

3.5. Kinetic study

The biosorption is time dependent process, thus the rate deter-
mining steps must be known to validate the equilibrium mecha-
nism. In dyes contaminated water treatments, kinetic study is very
important to highlight the kinetic reaction mechanism of biosor-
bent and adsorbate. Herein, the two kinetic models such as pseudo
first order (PFO) and pseudo second order (PSO) kinetic models
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Pseudo first and second order kinetic models constant values for the adsorption of Safranin O dye from water using bio-sorbent.

Pseudo First Order

Pseudo Second Order

Erythrosine B K;(min~1) ge (mol/g) R? Ky (min~1) ge (g/mol.min-1) R?
1.50 1.01 0.9644 0.0661 1.7101 0.9738
100 3
90 - 2.5 Langmuir model - “o
. P
80 - - _- =
z 2 A -
70 - %" _- -
= o
£ 60 - é 15 .. g
=] -
§ 50 T -§ 1 7 ‘ "'
= @] -
< i 5 Lo®
< 40 8 0.5 T
30 0 : : : :
20 A 0.000 0.000 0.000 0.001 0.001 0.001
10 4 Ce (mol L)
0 T T T T T T T
0 15 3 45 6 15 9 105 12 -7.0
-7.5 A
pH 8.0 - Freundlich model -
=8 -6
Fig. 6. Effect of pH on the adsorption of safranin O dye from water using Bacillus -8.5 [} &
subtilis biosorbent. i -9.0 1 ’/
T 95 1 e-"
© 10,0 o
120 0.6 ~ -10.5 -
100 Los 4 -11.0 1 ",
’ ;: -11.5 A .’
g 80 4 04 \E -12.0 T T T
'?} § -13.2 -11.2 -9.2 -7.2
$ 60 4 03 £
2 9] In Ce
=
X 40 A F02 £
=
20 \ L 0.1 é -12 e
DR Model <
0 T - T T - 0 -11 <
0 0.05 0.1 0.15 0.2 0.25 03 - -l
Adsorbent dosa; - -10 A »
ge(g.L™) -
3 €
Fig. 7. Effect of biosorbent dosage on adsorption of Safranin O dye from water. 6 -9 P & <
<
= o
were applied by utilizing Eqgs. (7) and (8) respectively. -7 j j j "
PP ¢ P 200 400 600 800 1000 1200
In(ge — q¢) = Inge — ket (7)
g2

t t 1
qr (kzqg) " <Qe> ®)
Where, gt is the adsorbed amount of dye (molg-!) and
(k;/min) is the 1st order rate constant, while the (k) is the rate
constant of pseudo second order kinetic model. The equilibrium
biosorption data have been exploited using kinetic biosorption
models by plotting the graph between In(qe-q;) vs t min (Fig. 9),
from the slop and intercept, the PFO kinetic constant parameters
were calculated (Table 2). For PSO kinetic model, the graph has
been plotted t/qt vs t min (Fig. 9), from the slop and intercept
of linear plot, the PSO kinetic values were calculated (Table 2).
By comparing the constant values of both models, it is clear that

Fig. 8. Langmuir, Freundlich and D-R equilibrium models for the adsorption of
Safranin O dye from water using biosorbent.

biosorption of Safranin O dye takes place by PSO kinetic model
rather than the PFO kinetic model. These results showed that the
R2 value of PSO is 0.9783, while the PFO is 0.964 respectively,
which clearly demonstrate that the pseudo-second-order kinetic
model is best fit model for the biosorption of Safranin O dye from
water.
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Thermodynamic parameters for the adsorption of Safranin O dye from water using bio-sorbent.

AH (KJ/mol) AS(K]J/mol) AG(KJ/mol)
293 K 298 K 308 K
0.0727 0.0221 -0.04 -1.22 -1.50
InKc= 0.01 InKc= 0.5 InKc= 0.6
22 -0.7
21 { PFO Py -0.6 .-
220 - _-- -0.5 - ‘\\.
= | _-"e . 04 \‘\
3_19 ’,—’. % 03 1 \‘\\
Z -18 - __--Te £ . ..
= _--e 0.2 - SRy
o -0.1 A \\\
-16 S
| 0.0 : : : ‘ 2
-15 4 - - - - 3.1 32 32 33 33 3.4 3.4
0 100 200 300 400 UT (K- x10%)
Time (min) Fig. 10. Effect of temperature on the adsorption of Safranin O dye from water using
biosorbent.
450
991 pso s
350 PR J
. -
22300 A e
= 250 A o -° molecule. It is a key step in drug development. The docking re-
E 200 - o_-~ sults can be used to find the inhibitor of the target protein and
o P thus new drugs can be developed [41]. Bacillus subtilis with sim-
S 150 A - . . . . . .
,.0 ple genetic modification is among the most studied species due
100 2o to its natural ability for extracellular DNA uptake, which facilitates
50 sporulation formation. PDB ID: 1QD9 was selected from the Bacil-
0 - - - - T lus subtilis bacterial strain protein database. There is a deep and
0 100 200 300 400 500 narrow cleft between the subunits covered with nine side chains

Time (min)

Fig. 9. Pseudo first and second order kinetic models for the adsorption of Safranin
O dye from water using biosorbent.

3.6. Thermodynamic biosorption study

The thermodynamic study was performed to calculate the (AH)
change in enthalpy, (AS) entropy, and (AG) Gibbs free energy at
temperature (293, 298 and 308 K). The thermodynamic parameters
(AH, AS, and AG) (Table 3) have been calculated from the slope
and intercept of the linear plot of Inkc vs 1/T (Fig. 10) using the
following Eqgs. (9) and (10).

—-AH AS
In kc = T + T (9)
AG = —RT Ink, (10)

Where kc is equilibrium constant. The feasibility of the biosorp-
tion process is proved from the negative values of (AG), and en-
dothermic due to positive value of (AH). Moreover, the positive
value of AS indicates that randomness is increased at biosorbent
surface.

3.7. Computational study

Molecular docking is of great importance in cell biology, as it
is done by interacting a target protein (cell line) with a ligand

that are invariant among 25 similar homologs in Bacillus subtilis.
This conserved site is suggested to be a binding or catalytic site for
a ligand or substrate of the protein family. Docking scores, docking
poses and interaction types of Safranin against Bacillus subtilis (PDB
ID: 1QD9) bacterial line cell are given in Fig. 11.

As seen from Fig. 11, Safranin ligand strongly interacts with the
1QD9  target protein. Safranin molecule formed H-bond with ni-
trogen atoms and amino acid residues GLU69, GLN93, TYR94 and
ASP96. It interacts polar with GLU69 and ASP96 and pi-pi with
TYR94. The H-bond indicates strong interaction between Safranin
and the 1QD9 target protein. To predict its antibacterial activ-
ity, the binding energy (BE), intermolecular energy (IE), van der
Waals H-bond desolve energy (WHDE), interaction surface (IS) and
inhibition constant (Ki) between ligand-target protein were cal-
culated and Fig. 9 was also given. As seen from Fig. 9, BE, IE,
and WHDE values  between ligand and target protein are neg-
atively high. These energies are components of the interaction en-
ergies between the ligand and the target protein. More negative
interaction energy indicates higher inhibition efficiency. According
to these energies, they can be the active candidate molecule for
bacterial cells of the investigated molecule. On the other hand, a
high interaction surface (IS) increases the ligand-protein interac-
tion and causes an increase in antibacterial activity. The inhibition
constant (Ki) is a data about the amount of drug to be used in the
treatment. The smaller this value, the smaller the amount of drug
used in the treatment. The Ki values obtained from the interac-
tion of the studied ligand with the target protein are quite small.
This result shows that the ligand can be active even at very low
concentrations.
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~
Glu /A
Hydrogen Bonds Polar Pi-Pi
N4~ GLUGS H15~ GLU6S C18-TYRS4
N2~ GLN93 H16~ GLU6S C19-TYR94
N4~ TYR94 H17- GLU69 Key
O i e 0 N b ronale s iascbod - o
N3_“p96 Hll—ASP96 @ @ et N s
.. ) Vrdeges bnd wnd s oagh
Est. Free Energy of  Est. Inhibition  vdW + Hbond + desolv  Electrostatic  Total Intermolec. Interact.
Binding Constant, Ki Energy Energy Energy Surface
-6.22 kcal/mol 27.75 uM -4.34 keal/mol -2.84 keal/mol  -7.18 keal/mol 499.307

Fig. 11. Docking score of ligand and target protein.

4. Conclusion

In current study, Safranin O dye was removed from water
samples using the biosorbent Bacillus subtilis. The accuracy of
the performed biosorption was proven by FT-IR, EDX, SEM and
XRD analyzes. The biosorption of Safranin O dye has been car-
ried out at the optimum condition such as pH 5.5-6.5, biosor-
bent dosage 50 mg.L~! and equilibration time. Furthermore, the
biosorption equilibrium data was best fitted to the Langmuir
model as compared to Freundlich model, while the D-R model
explain the chemisorption nature of biosorption process. Kinetic
study showed that the biosorption removal of Safranin O dye
was followed by pseudo second order kinetic model very well
with good correlation coefficient (R2=0.94). In addition thermo-
dynamic parameters shows that the biosorption process is spon-
taneous and endothermic in nature. The computational stud-
ies showed that the ligand, which was examined by molecular
docking study, exhibited antibacterial properties and had a high
activity.
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