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ABSTRACT

Contaminants removal is usually becoming an exciting subject of research from water considering their envi-
ronmental and ecological effects. This work provides pathways to remove organic pollutants from water via
nanomaterials and is used as an antibiotic against bacteria like Escherichia coli (E. coli). In this study, molyb-
denum trioxide (MoOs3) and yttrium (Y) doped (2 and 4%) MoO3 nanorods were synthesized by co-precipitation
method. Advanced characterization techniques have been introduced to study textural structures, morphological
developments, and optical characteristics of produced products. X-ray diffraction studied multiple crystalline
structures of prepared samples as hexagonal, orthorhombic, and monoclinic of pure MoOs with decrease in
crystallinity and crystallite size upon Y doping. UV-visible spectroscopy unveiled a redshift (bathochromic ef-
fect) in absorption pattern attributed to band gap energy (Eg) decreases. Photoluminescence spectra examined
the recombination rate of electrons (e”) and holes (h™) as charge carriers. A sufficient catalytic activity (CA) was
observed against methylene blue (MB) dye in an acidic medium (99.74%) and efficient bactericidal action was
studied against (E. coli) with zone of inhibition (5.20 mm) for 4% Y-doped MoOs. In addition, in silico docking
demonstrated potential inhibitory effect of produced nanomaterials on FabH and Fabl enzymes of fatty acid

biosynthesis.

1. Introduction

The contamination of the environment has been serious, notably in
air resources and water, mostly manifested in dirty water discharge by
numerous businesses (Kandasamy et al., 2022). The generally identified
water contaminants are organic pollutants, water-borne pathogens,
heavy metals, etc. (Sharma et al., 2020). Organic dyes are widely
employed in businesses and at home, for instance, in the production of
clothing, leather goods, cosmetics, and plastics (Hussain and Khalid,
2022a). The pigments and dyes are fragrant and colorful organic
ionizing pollutants that originate via hydrocarbons like toluene,
anthracene, and xylene. The colored characteristics of dyes are attrib-
uted to auxochromes and chromophores that affect the dye solubility in
solution and impart color (Gupta et al., 2013; Areerob et al., 2018;
Sharma et al., 2020). According to their chemical structure, dyes can be
either cationic or anionic. The reactive and acid dyes, including acid
orange 7, etc., are involved in the category of anionic dye. Anionic
functional groups like sulfonic or carboxylic acid are present in all
cationic dyes. MB, malachite green (MG), and other dyes are classified as
cationic attributed to cationic functional groups that can provide an
aquatic solution with positive charge ions (Rafiq et al., 2021). Among
them, methylene blue (MB), a heterocyclic aromatic chemical recog-
nized for its dangerous effects on humans and marine life, is the most
used synthetic dye. The annual discharge of MB, a carcinogenic thiazine
pollutant, resulted in several environmental problems, including an in-
crease in demand for chemical oxygen above anticipated levels that
could result in the demise of marine life (Shaban et al., 2018; Din et al.,
2021). Infections associated with poisoning of water resources by
water-borne pathogens and dyes are major issues with water quality
worldwide. To eradicate bacteria and prevent illnesses, antibacterial
treatments are frequently employed in homes and hospitals (Taghizadeh
et al., 2020). Numerous methods have been used to remove water
contaminants, including chemical treatments, catalytic activity, degra-
dation, coagulation, and membrane separation (Sharma et al., 2020; Naz
et al., 2021). Researchers have become interested in catalysis when
nanomaterial-based semiconductors are present because of the low
toxicity, chemical stability, low cost, and environmentally favorable
qualities of these materials (Ali et al., 2020).

In the realm of environmental remediation, such as the process of
purifying water and air, semiconducting material-based catalysts have
demonstrated prospective ability. Semiconductors are frequently uti-
lized in wastewater treatment, notably for the treatment of dyes, due to
their affordability, recyclable nature, low toxicity, and capacity for
multiple electron transfer processes (Naik et al., 2020; Ramu et al.,
2021; Kandasamy et al., 2022). When metal ions establish coordination
bonds with oxides, a closely packed structure known as metal oxides is
produced (Gautam et al., 2020). Several metal oxides (MOs) are used to
break down various organic contaminants that exist in the industrial

effluent (Vamathevan et al., 2002; Savage and Diallo, 2005; Siriwong
et al., 2012); some usually acknowledged MOs include TiO5, ZnO, SnOs,
VOy, MoOy, etc. (Gautam et al., 2020). Nanostructured molybdenum
trioxide (MoOs3), a transition metal oxide semiconductor (TMOS), has
drawn interest because of its versatile optical, structural, and electronic
properties. Its improved intercalation chemistry also has special chem-
ical and catalytic characteristics making it a potential candidate for
antibacterial agents (Sen et al., 2019). Many organic compounds have
antibacterial properties, however the majority of them are poisonous by
nature. Under great stability and non-toxic nature, metal oxide nano-
particles have been in increasing demand in recent years as antibacterial
agent. MoOs’s toxicity to pathogenic microorganisms has been investi-
gated by K. Krishnamoorthy et al. (2013). According to this paper, when
tested against the 4 bacterial species, E. coli, B. Subtilis, S. Typhimurium
and E. Faecalis, produced MoO3 nanoplates demonstrate good antibac-
terial activity (Magaldi et al., 2004; Desai et al., 2015; He et al., 2022,
2023). N. Rajiv Chandar et al. produced MoO3 NPs via wet chemical
method and studied antibacterial behavior against (E. Coli) and
(S. aureus) bacteria (Valgas et al., 2007; Rajiv Chandar et al., 2021).
MoOg3 is an n-type semiconductor having large indirect Eg 3.87 eV exist
in three different crystallographic forms: hexagonal (h-MoOs3), ortho-
rhombic (e-Mo0Os3) and monoclinic (B-MoOs3) (Raj et al., 2022; Sharma
et al., 2022). The monoclinic and hexagonal phases are metastable,
while orthorhombic is a thermodynamically stable phase (Dewangan
et al., 2022).

The researchers have prepared MoOj3 along unique morphologies as
nanobelt arrays, nanobelts, nanotubes, and nanorods using numerous
synthesis techniques involving thermal evaporation, chemical vapor
deposition (CVD), and chemical synthesis method (Donnadieu et al.,
1988; Senthilkumar et al., 2016; Hussain and Khalid, 2022a). The
cost-effective and eco-friendly co-precipitation technique allows for
changes to the particle shape, surface area, and size distribution
(Calderon et al., 2020). The conditions for the reaction, including the
starting materials, solvent, temperature, and reaction time, are often
tuned to control the shape and size (Dewangan et al., 2022). The per-
formance of a material can be significantly affected by changing the
properties of semiconducting material via doping, composition, and
hybrid creation (Kandasamy et al., 2022). Rare-earth metal ion doping
can decrease the Eg, providing an improved pathway for the steady flow
of electron-hole pairs (Chahal et al., 2019). The surface segregation of
Y3+ jons produces many oxygen vacancies, making a rare earth element,
yttrium (Y), a useful dopant (Parangusan et al., 2018). The present work
reveals a co-precipitation method for synthesizing MoO3 nanorods and
yttrium (2 and 4%) doped MoOs nanorods. To degrade MB from an
aqueous solution, the prepared products were utilized as a catalyst. The
agar well diffusion method was introduced to test synthesized samples’
ability to kill bacteria like E. coli.
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Fig. 2. Catalysis mechanism during Y-doped MoOs catalyst.

2. Experimental section
2.1. Materials

Yttrium (III) nitrate hexahydrate (Y(NOgs)s. 6H20) 99.8% and
ammonium molybdate (NH4)¢Mo7024.4H20 were purchased from
Sigma Aldrich. The nitric acid (HNOs3) brought from Merck.

2.2. Synthesis of Y-doped MoO3

0.3 M of (NH4)6Mo07024.4H20 was synthesized under magnetic stir-
ring for 40 min at 70 °C. HNO3 was incorporated in the continuously
stirring transparent solution to convert it into a colloidal solution by
maintaining pH of up to 1. The prepared precipitates were centrifuged at
7500 rpm twice to detach unwanted material and washed precipitates
were dried at 120 °C for 12 h. The final product was ground to fine
powder. The same process was followed to prepare doped samples of
concentrations of 2% and 4% of (Y(NO3)3.6H20), as depicted in Fig. 1.

2.3. Catalysis
To study catalyst role during water cleaning process, CA was per-

formed in the absence of light against organic pollutant (MB) at various
pH levels, in existence of a reducing agent (NaBH4). Acidic and basic

media were obtained by adding H»SO4 and NaOH, respectively. NaBH4
solution was obtained by adding sodium borohydride (NaBH4) into
water. The prepared NaBH4 (400 pL) was incorporated into 3 mL
aqueous MB solution and the degradation rate was measured using (eq.
(1)). After that, 400 pL of pure and differing concentrations of Y-doped
MoO3; was added to the above solution (containing MB and reducing
agent). Decolorizing the solution identifies dye degradation, resulting in
MB reduction into the leucomethylene blue (LMB). The experiment was
performed at room temperature and prepared products were analyzed
using a UV-Vis spectrophotometer. Percentage degradation was calcu-
lated via formula:

% Degradation = (C,-Cy/C,) x 100 (1

Where C, and C; are dye concentrations at initial and degradation times.

2.3.1. Catalysis mechanism

In the catalysis mechanism, nano-catalysts and reducing agents
(NaBH,4) are major components considered necessary for the degrada-
tion of organic pollutants (MB), as shown in Fig. 2. At the start, NaBHa,
which acts as a reducing agent, and MB, which acts as oxidizing agent,
react with each other, and the rate of reaction is very slow in the absence
of a nano-catalyst. The reaction rate enhanced after the addition of
catalyst (MoO3 and Y-doped MoO3) by reducing activation energy
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Fig. 3. (a) X-ray diffraction patterns, and (b-d) SAED patterns of pure and Y (2%, 4%)-doped MoO3 nanorods.

required for reaction start and further preceded reaction quickly. The
catalyst works as an electron relay amongst species of reactant and
product, making easier the electron (e ") transfer from BH,4 that acts as a
donor to (MB) accepter. The NaBH4 and nanocatalyst presence enhanced
the degradation efficiency, demonstrating that during MB reduction,
NaBH4 does not work as a catalyst. The catalyst amount utilized in this
degradation reaction is crucial because as the catalyst amount grows, so
does the degree of dye degradation (Naz et al., 2021; Raza et al., 2021).

2.4. Isolation and identification of MDR E. coli isolation of E. coli

2.4.1. Sample collection

Selected lactating cows were offered for sale in Punjab, Pakistan, at
several marketplaces, veterinary offices, and farms. Direct milking of
cows into sterile glassware produced samples of camelus milk. After
being collected at 4 °C, raw milk was quickly brought to lab. On Mac-
Conkey agar, coliforms found in raw milk were counted. At 37 °C, the
plates were incubated for 48 h.

2.4.2. Identification and characterization of bacterial isolates

Preliminary identification of (E. coli) was based on colonial
morphology by Gram stain and by various biochemical tests with
reference to Bergey’s Manual of Determinative Bacteriology (Bergey,
1994).

2.4.3. Antibiotic susceptibility

The antibiotic susceptibility test was completed via disk diffusion
method of Bauer et al. (1966) on 1 (MHA). The test was done to identify
the antibiotic resistance of (E. coli) against the following antibiotics
(classes); 2 (Cro) 30 pg (Cephalosporins), 3 (Gm) 10 pg (Aminoglyco-
sides), 4 (Cip) 5 pg (Quinolones), 5 (Te) 30 pug (Tetracyclines), 5 (Imi) 10
pg (Carbapenem), 6 (A) 30 pg (Penicillins), and 7 (Azm) 15 pg

(Macrolides) (Adzitey et al., 2022). Purified cultures of E. coli were
grown and adjusted to 0.5 MacFarland turbidity. Then it was spread
plated on (MHA) (Oxoid Limited, Basingstoke, UK), and the antibiotic
disks were placed on inoculated plate surfaces at a distance to avoid the
overlapping of inhibition zones. Plates were incubated at 37 °C for 24 h,
and the outcomes were interpreted according to the Clinical and Labo-
ratory Standard Institute (Clinical, Institute, L.S., 2017). Bacterium
found resistant to minimum of three antibiotics was declared MDR
(Iwalokun et al., 2004). Where 1, 2, 3, 4, 5, 6 and 7 written for Mueller
Hinton agar, Ceftriaxone, Gentamicin, Ciprofloxacin, Tetracycline,
Imipenem, Amoxycillin and Azithromycin respectively.

2.4.4. Antimicrobial activity

In vitro antimicrobial potential of MoOs, Y (2 and 4%) doped MoOs3
nanorods were studied by agar well diffusion method upon ten repre-
sentative isolates of MDR E. coli collected from mastitic milk. Petri
dishes were swabbed with 1.5 x 10® CFU/mL (0.5 McFarland standard)
MDR E. coli on MacConkey agar. Wells of 6 mm diameter were generated
via sterile cork borer. Various concentrations of MoO3, Y (2 and 4%)
doped MoOs3 nanorods were applied as (0.5 mg/50 pL) and (1.0 mg/50
pL). Ciprofloxacin (0.005 mg/50 pL) was used as the positive control and
DI water as the negative control (50 pL) (Haider et al., 2020b).

2.4.5. Statistical analysis

The antimicrobial efficacy was measured in terms of inhibition zone
(mm) size, and inhibition zone diameters were calculated statistically by
one-way analysis of variance (ANOVA) using SPSS 20 (Haider et al.,
2020a).

2.4.5.1. Molecular docking analysis. Molecular docking was conducted
against specific enzyme targets pertaining to fatty acid biosynthesis
pathways, namely enoyl-[acyl-carrier-protein] reductase (Fabl) and
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Fig. 4. (a) Absorbance spectra, (b) Eg graph, and (c) PL spectra of the MoO3 and Y (2%, 4%)-doped MoO3 nanorods.

B-ketoacyl acyl carrier protein synthase III (FabH) from E. coli. FabH
(PDB ID: 5BNM; Resolution: 1.7 A) (McKinney et al., 2016) and Fabl
(PDB ID: 1MFP; Resolution: 2.33 ;\) (Seefeld et al., 2003) 3D confor-
mations were retrieved from Protein Data Bank using corresponding
PDB IDs. Sybyl X-2.0 (Mehmood et al., 2022) was used to predict mo-
lecular docking, using ligand structures built by sketch module. The
water molecules with native ligands were eliminated, polar H-atoms
were added to each molecule, and energy was then conserved. The
binding pocket was defined to be within 5 of the endogenous ligand. In
each scenario, the top 10 docked complexes were formed and chosen for
subsequent study. Pymol software was used to build a 3D representation
of binding interactions.

2.5. Characterization techniques

Powder XRD with range of 10°-60° was used to determine the
structural and crystallographic behaviors of the produced powder. To
find functional groups in Y (2 and 4 wt %) doped MoO3 nanorods, FTIR
spectroscopy was conducted between 4000 and 400 cm ™!, Through the
use of EDS, SEM, and HR-TEM, the chemical makeup, surface analysis,
morphology, and d-spacing of Y (2%, 4%) doped MoO3 nanorods were
all examined. To verify the produced samples’ crystallinity, SAED
analysis was also carried out. The optical characteristics were assessed
using a Genesys 10 S UV-vis spectrophotometer, and the electron-hole
recombination in the synthesized sample was examined using PL
spectroscopy.

3. Result and discussion

The pure and doped MoOs samples’ phase, crystallinity, and crystal
structure were analyzed via XRD ranging from 20° to 70° as illustrated in
Fig. 3(a). The peaks observed at 25.80°, 29.35°, 35.45°, 45.47° and
68.88° corresponding to MoOgs hexagonal phase referred to as planes
(210), (300), (310), (410) and (524) that well matched with standard
data (JCPDS card no.00-021-0569). The pure sample also exhibited
orthorhombic crystal structure with diffraction peak at 55.78° indexed
to the planes (112) according to (JCPDS card no.01-075-0912). The
monoclinic MogOyg diffraction peak was observed at 31.93° (114) evi-
denced by (JCPDS card no.03-065-1292). Upon Y (2 and 4%) doping,
some diffraction peaks were obtained for Mo4O15Y2 at 39.97°, and
50.45° corresponds to diffraction planes (140) and (330) matched with
(JCPDS card no.00-053-0358). Additionally, it has been found that peak
positions of MoO3 nanorods doped with rare earth element Y have a
slight shifting toward the lower angle. The dopant and host material
ionic radii as well as oxidation states are highly implicated in this shift.
As a result, the MoOs lattice experiences structural strain attributed to
dopant with the greater ionic radius. The insertion of imported Y-atoms
into pure material lattice results in tensile stress, which causes structural
strain. As an outcome, MoOs lattice is stretched upon doping, and peaks
move towards lesser 20 (Al-Otaibi, 2021). The transmission spectra of
infrared radiation was studied using the FTIR technique to characterize
vibrations of different molecules in prepared samples. MoO3 and Y (2
and 4 wt %) doped MoO3 nanorods’ vibrational spectra in the 4000-500
cm ™! wavenumber region are depicted in Fig. 3(b). The band at 2359
em ™! was attributed to H-O-H bending mode of water and band vi-
brations at 1384 cm ™! were detected due to vibration mode of Mo-OH
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Fig. 5. (a) EDS Mapping of pure sample and identified elements (Mo, O, and Y) and (b-d) EDS patterns of pure and Y (2 and 4 wt %) doped products.

bond (Lippincott, 1963; Zakharova et al., 2007; Klinbumrung et al.,
2012). At 990 cm ! and 871 ecm !, strong vibration bands correspond-
ing to the stretching vibrations of Mo=0 are seen. A strong peak at 605
cm™! was attributed to the stretching vibrations in the Mo—O-Mo units
of oxygen atoms (Irmawati and Shafizah, 2009; Gowtham et al., 2018).
Moreover, SAED analysis shows intense circular rings of MoOs and
Y-MoOs3 nanorods, as shown in Fig. 3(c-e), indicating the specimens are
extremely crystalline. Bragg’s diffraction-compliant XRD results were
highly associated with different nanorods planes.

To explore optical properties in the range of 200-500 nm, a UV-vis
spectrophotometer was used. The optical absorption of MoOg defines a
typical absorption peak at 320 nm, and E; was predicted to be around
3.87 eV for the undoped product MoOs, since it is an indirect band gap
material matched with the literature well (Sharma et al., 2022), Fig. 4
(a). The absorption intensity is primarily determined by particle size,
carrier concentration, and the surrounding medium dielectric properties
(Bhargava and Khan, 2017). The optical transition was between the
oxygen atoms’ lone pair of electrons in their "p" orbitals (0%7) and
vacant "d" orbitals of cation (Mo®") (Yogananda et al., 2018). Upon
doping with Y (2 and 4%), the absorption shifted towards higher
wavelength, ascribed to decrease in Eg. The Eg values were measured as
3.87, 3.83, 3.79 for MoO3 and (2%, 4%) Y-doped MoO3 nanorods using
Tauc’s equation, as represented in Fig. 4 (b).

As PL emission proceeds from the free carriers recombination either
directly (band-band) or indirectly by band gap state, it may be utilized to
examine effectiveness of charge carrier trapping, transfer and to deter-
mine the destiny of e and hole h* pairs in semiconductor (M et al.,

2016). The excitation wavelength was taken at 245 nm, PL graph for
pure and doped MoO3 nanorods were examined from 380 to 460 nm to
analyze the recombination rate and changes in the electron transfer
efficiency as depicted in Fig. 4 (c). Emission spectra examined the peak
at 424 nm for MoOs3 nanorods (Hussain and Khalid, 2022b). Surface
flaws like Mo or oxygen vacancies caused the emission peaks in the
380-460 nm range. Bond breakage and surface tension brought on by a
higher surface-to-volume ratio caused imperfections in MoOs (Yoga-
nanda et al., 2018). The large defects and high exciton recombination
rate that result from Y doping cause the intensity of doped samples to
rise. Additionally, the emission spectra were somewhat pushed towards
longer wavelengths.

To study further interfacial contact, EDS mapping of undoped sam-
ples was done to examine the elemental distributions displayed as
distinct colors. Three elements (Mo, O, Y) were studied with different
compositions, as illustrated in Fig. 5 (a). The chemical composition of
prepared products was studied via EDS spectra, as presented in Fig. 5
(b-d). Noticeable peaks of Mo with O unveil the successfully prepared
MoOs3 nanostructures Fig. 5 (a), whereas the Au peak emerged, which
was attributed to some contaminants and the gold coating applied on top
of the sample. The presence of Y in doped samples spectra successfully
confirms dopant incorporation, as shown in Fig. 5 (b, c).

TEM analysis was utilized to study the interior morphology of MoO3
nanostructures. The rod-like structures with small-size particles were
examined for pure MoOs nanostructures, as illustrated in Fig. 6 (a).
Upon Y (2 and 4 wt %) doping, as presented in Fig. 6 (b, c), the highly
agglomerated rods-like shapes along particles were observed forming a
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Fig. 6. (a—c) TEM image of MoO3 and Y (2%, 4%)-doped MoO3 nanorods.
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Fig. 7. Catalytic activity of pure and Y (2 and 4%) doped MoO3 nanorods in
neutral, basic, and acidic medium.

chain-like pattern; also, the size of nanostructures enhanced with the
addition of Y.

The CA of pure and Y (2 and 4 wt%)-doped MoOs nanorods along
NaBHy as reducing agent for degradation of MB in neutral, basic and
acidic media were studied by UV-vis spectrophotometer. Dye waste is
regularly discharged at different pH; the degradation rate is regulated by
pH solution, and influences manufactured catalysts. The pure and doped
MoO3 nanorods exhibited maximum degradation of 84.61%, 88.54%,
and 90.78% in neutral (pH = 7), 90.0%, 89.39%, and 88.93% in basic
(pH = 10), and 92.38%, 97.87% and 99.74% in acidic (pH = 4) media
(Fig. 7). 4% Y-doped MoO3 nanorods explored the maximum catalytic
activity against MB dye in an acidic medium. Even though the basic
medium is deficient in H' atoms, hydroxyl (OH") ions excess attributed
to NaOH stick to surface of catalyst and causes a full negative charge

Table 1
Antibacterial activity of MoO3 and Y (2 and 4%)-doped MoOj3 nanorods for MDR
E. coli.

Samples Low High Control Control
concentration concentration positive negative
(0.5 mg/50 pL) (1.0 mg/50 pL) (mm) (mm)
MoO3 2.65 4.05 4.45 0
2% Y- 2.35 4.75 5 0
doped
MoO3
4% Y- 3.45 5.20 5 0
doped
MoO3

there. The hydrogen ions (H') generation, which causes the catalyst
surface to become positively charged more, is directly related to CA in an
acidic media. The HySO4 existence, which contributes to MB reduction
into LMB, is the reason for increased CA in an acidic medium. The 4% Y-
doped MoO3 nanorods revealed excellent CA in an acidic medium,
providing the best catalyst for dye degradation. As in obtained results of
the experiments, acidic environments showed the highest dye degra-
dation value. The rate of reactions is accelerated by the particle’s huge
surface area and small size (Hassan et al., 2020; Qumar et al., 2020;
Ikram et al., 2021).

It is crucial economically to look at the nano-catalyst’s stability. The
Y (4%) doped MoOs nanorods produce outstanding dye degradation
results. In order to determine, the dye reduction in the presence of the
nanocatalyst is stable or not, the stability of the catalyst at different pH
(7, 10 and 4) was studied by allowing the experiment to run for at least
72 h. As illustrated in Fig. S1, the degradation was tracked after 24 h
using absorption spectra collected by a UV-vis spectrophotometer while
the deteriorated dye was stored in the dark. The acquired findings show
that under uniform conditions for 72 h, no loss of degradation took
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Fig. 8. Mechanism behind the antimicrobial activity of Y-doped MoOs.

place. Degradation was seen to be in its original state, which supports
the catalyst’s stability.

In vitro antimicrobial activity of pure and Y-doped (2 and 4%) MoOj3
nanorods against MDR E. coli have been examined by utilizing the agar
well diffusion method, and zone of inhibitions was measured as repre-
sented in Table 1. MoO3 nanorods revealed a lower zone area compared
to doped samples against MDR E. coli. MoO3 and Y (2 and 4%) doped
samples demonstrated the inhibition zones at (0.5 mg/50 pL) and (1.0
mg/50 pL) doses as (2.65 mm, 2.35 mm, and 3.45 mm) and (4.05 mm,

4.75 mm, and 5.20 mm) correspondingly. The positive control in the
inhibition zones MDR E.coli (5 mm) was ciprofloxacin as compared to DI
(0 mm) water, which was employed as a negative control.

Reactive oxygen species (ROS) are produced by the manufactured
MoOg3 and Y-doped MoOs3 nanorods during incubation in the existence of
light, as shown in Fig. 8. Particle size, shape, and surface area of pro-
duced product have all been found to influence oxidative stress toler-
ance, and small-size NPs with large surfaces have been shown to have
antibacterial potential (Navale et al., 2015; Jesudoss et al., 2016). The

SERg

Fig. 9. 3D view of the binding interaction pattern of Y-doped MoO3 NRs inside the active site of FabH (a, b) and Fabl (c,d).
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primary unit for ROS generation serves as electron-hole pairs. Increased
amounts of ROS like superoxide anion radicals (02), hydroxyl radicals
(OH"), and hydrogen peroxide radicals (H205) are produced during the
chemical reaction. Under the interaction of the hydrophobic and elec-
trostatic forces, several transition metal oxides are effective against
microbes. The extrusion of cytoplasmic content and structure, as well as
the eradication of any bacteria found to be able to take responsibility for
bacterial cell death, are caused by the electrostatic interaction between
these bacterial strains and synthesized materials (Azman et al., 2017;
Ahmed et al., 2018, 2019; Ali et al., 2018, 2019). Nanomaterials’ bio-
logical activities have a long history of research. By interacting with
bacterial cells, they may obstruct cell membrane penetration and
obliterate important metabolic processes. The precise mechanism un-
derlying the toxicity of nanoparticles to bacteria is still unknown (Rai
et al., 2012; Lee et al., 2019).

Numerous studies (Altaf et al., 2020; Arularasu et al., 2020; Tkram
et al., 2020) have examined the microbicidal potential of nanoparticles
incorporating metal ions. The bioactivity of nanoparticles relies on their
capacity to interact with bacteria through electrostatic, van der Waals,
or hydrophobic forces (Dakal et al., 2016; Shahzadi et al., 2022). Key
targets of antibiotics have been recognized as enzymes belonging to
crucial metabolic processes in bacterial cells. Therefore, fatty acid
biogenesis enzymes Fabl and FabH from E. coli were chosen as potential
targets to investigate the inhibitory propensity of Y-doped MoOs against
them.

Fig. 9(c and d) depicts the best-docked conformation of Y-doped
MoOj3 within an active pocket of Fablg, o, which indicated an H-bond
interaction with Ile20, Thr194, Ala196, and Ala197 with overall binding
score of 4.96. While for FabHg, ¢y, the major binding interactions were
with Phe213, Asn247, and Arg249, and a binding score of 3.66 as pre-
sented in (Fig. 9(a and b)).

4. Conclusion

In this study, molybdenum trioxide (MoO3) and yttrium (Y) doped (2
and 4 wt %) MoOs3 nanorods were fabricated by facile co-precipitation
technique. XRD confirmed the multiple crystalline structures of pre-
pared samples as hexagonal, orthorhombic, and monoclinic of pure
MoOj3 and upon Y doping, the crystallinity decreased. UV-visible spec-
troscopy unveiled a red shift in absorption spectra manifested to
decrease in Eg from 3.87 to 3.79 eV. PL patterns examined the recom-
bination rate of charge carriers as electrons (e”) and holes (h™). A sig-
nificant CA was observed against MB dye in an acidic medium at
99.74%, in neutral medium at 92.38%, and in basic medium at 97.87%
and efficient bactericidal actions was studied against (E. coli) as inhi-
bition zone area of (5.20 mm) for 4% Y-doped MoOg at higher con-
centration. In silico studies suggested Y-doped MoOs nanorods as
possible inhibitors of FabH and Fabl enzymes. In short, MoO3 nanorods
with rare earth metal doped could be efficient against MDR E.coli and
industrial dye degrader.
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