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Undoped V,0s is characterized by a small surface area and rapid electron-hole recombination, thus ren-
dering it ineffective as a catalytic and antimicrobial agent. In this study, co-precipitation was employed to
synthesize vanadium oxide (V,05) and carbon spheres (CS) followed by doping with specific concentrations
(3 and 6 wt%) of graphene oxide (GO) to produce GO/CS-doped V,0s5 nanorods (NRs). The enhancement in
catalytic and antibacterial activity provided by GO/CS-doped V,05 was utilized to treat wastewater more
efficiently. XRD analysis validated the orthorhombic and tetragonal structure of the synthesized samples.
The polycrystalline nature of V,05 was shown by vibrant circular rings in selected area electron diffraction
(SAED) micrographs. TEM analysis endorsed formation of NRs, whereas UV-vis, luminescence (PL) and
fourier transform infrared spectroscopy (FTIR), probed the absorption and emission along with stretching
and bending vibrations in V-0-V bond. The chemically synthesized NRs exhibited excellent catalytic activity
(93.71%) against rhodamine B (RhB) dye in the vicinity of NaBH,. In addition, NRs were used to evaluate in-
vitro antimicrobial efficiency of 3.75 mmfor Escherichia coli (E. coli) using inhibition zone measurement.
Docking investigations of GO/CS-V,05 NRs for FabH and Fabl of E. coli suggested suppression of above-
mentioned enzymes as a possible mechanism. These findings demonstrate that (3 and 6 wt%) GO/CS-V,05
possessed ample potency for industrial dye degradation and antimicrobial activity.
© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The extensive use of heavy metals and toxic dyes has led to an
increase in water contamination on a large scale, which can be
considered a by-product of ongoing rapid industrialization. The
water pollution poses a significant risk to the natural ecosystem
[1]. Toxic metallic particles (Cu, Cr, Ag, and Hg) are byproducts of
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ever-expanding chemicals, leather, paper, textile, and printing
industries, which have polluted both human and aquatic biodi-
versity. The abundant use of many different textile manufacturing
methods result in the production of a variety of dyes [2]. Organic
dyes are resistant to chemical and biological breakdown by virtue
of their sturdy and intricate chemical frameworks. Organic rho-
damine B dye of xanthene class has widespread applications in
textile, printing, food, and pharmaceutical industries [3]. Syn-
thetic dyes and pollutants seriously threaten the health of both
humans and animals [4]. The dyes can be degraded by a variety of
processes, including electrochemical activity [5], catalytic activity,
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photocatalytic activity (PCA)) [6], etc. Catalytic activity of na-
norod-based semiconductor materials has sparked the curiosity of
researchers owing to their low toxicity, eco-friendly nature, che-
mical durability, and cost-effectiveness [7]. A reducing agent and a
nanocatalyst break down rhodamine B (RhB) as well as other
synthetic dyes [8]. Moreover, disorders such as Mastitis may be
driven by an assortment of bacteria, viruses, and fungi. Mastitis
has a substantial economic burden on the dairy industry. Clinical
anomalies in mammary gland tissues and chemical, micro-
biological, and physical variations in the milk are all associated
with this disorder [9].

Transition metal oxide nanoparticles such as CuO, Fe;03, ZnO,
MnO,, and V,05 have been widely employed for water purification
[10-13] since these materials have a large surface area, excellent
chemical stability, and high recyclability without secondary pollu-
tant production [14]. Applications for dye degradation have em-
ployed V,05 nanoparticles due to their non-toxicity, small band gap
(2.4-2.8 eV), and enhanced electro-chemical integrity [ 14]. However,
V,05 has significant limitations as a photocatalyst in aqueous elec-
trolytes due to photo and electrochemical corrosion [15]. The elec-
trochemical corrosion properties may be improved in a number of
ways; by mixing with conductive matrix or semiconductor materials
to increase its surface activity [16]. Photo-induced electron-hole
pairs may be better separated and photo corrosion can be reduced by
forming a heterostructure while interfacing a semiconductor to an-
other material with a similar band potential [17].

Carbon spheres have also received much interest in catalysis
field considering their high specific area, low density, as well as
improved CA [18]. Carbon spheres are known to stabilize metal
oxide compounds for efficient dye degradation due to their quick
and efficient reduction ability [19,20]. Graphene, a bi-dimensional
(2D) substance comprised of layers of carbon atoms stacked into a
honeycomb network, piqued the curiosity of scientists through its
excellent charge carrier mobility, abundant defect sites, vast sur-
face area and superior electrical and optical conductivities have
gained very remarkable attention in the treatment of wastewater
containing heavy metal ions and dyes [21,22]. Graphene oxide
(GO) is useful in energy conversion, storage, and catalytic activ-
ities owing to its high hydrophilicity, reaction activity [23,24], and
availability of functional groups on surfaces, including epoxy
groups, carboxyl groups, hydroxyl groups, and carbonyl groups
[25]. V205 material is a diverse catalyst of brookite TiO, and or-
thorhombic V,05 phases formed by mechanical alloying and de-
monstrating ~76% RhB degradation. TiO,-V,05 nanocomposite
showed dye degradation efficacy of ~89% with H,0,|26]. However,
in the current work, doping-dependent V,05 NRs were examined
for their ability to degrade the pollutant RhB without light using
NaBHg.

This study aims to synthesize (3 and 6 wt%) GO/CS-V,05 NRs
using an environmentally acceptable co-precipitation approach for
degradation of organic dyes and to evaluate its bactericidal cap-
ability. The antibacterial effectiveness of NRs was also evaluated in
comparison to ciprofloxacin using E. coli. Various characterization
approaches were employed for a comprehensive study of synthe-
sized NRs.

2. Experimental section
2.1. Materials

Ammonium metavanadate (NH4VO3), nitric acid (HNOs3), hy-
drogen peroxide (H,0;), polyvinylpyrrolidone (PVP), glucose, and
graphite were acquired from Sigma Aldrich, and all the reagents
used in this process were of analytical grade, so there was no need
for further purification.
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Fig. 1. Schematic illustration of synthesized pristine and GO/CS-V,0s.
2.2. Synthesis of carbon spheres/graphene oxide doped vanadium oxide

The co-precipitation technique to fabricate carbon spheres and
graphene oxide-doped vanadium oxide is represented in Fig. 1. In-
itially, 0.5 M of ammonium metavanadate was heated and stirred
constantly for 30 min. Nitric acid was injected in proper con-
centration to maintain pH~2 resulting in precipitate formation. For
the transparent solution, a fixed amount (0.350 g) of PVP was in-
corporated, and the solution was vigorously mixed and heated for
nearly 2 h around 90 °C. The obtained precipitates were centrifuged
at 7000 rpm to eliminate impurities by rinsing with deionized water
(DI water). The washed sediments were heated at 150°C to obtain the
fine powders. The above-mentioned method was adopted to syn-
thesize graphene oxide (3 and 6 wt.%) doped V,0s with pre-
determined concentration of carbon spheres.

2.3. Catalytic activity (CA)

The catalytic activities for pure and GO/CS-doped V,05 NRs were
used to evaluate the degradation efficacy of RhB dye. In order to
spectrophotometrically analyze the degradation of dye in
200-800 nm region, new solutions of RhB and sodium borohydride
(NaBH4) were created. 3 mLRhB (oxidizing agent) solution was in-
corporated with 400 uL NaBH, (reducing agent) solution and 400 pL
pristine and GO/CS-doped V,05 NRs. UV-Vis spectrophotometer was
employed to measure absorption variation spectra at periodic in-
tervals. The % degradation was measured by degradation (%)
=(Co—Cy)[Cox 100, where C, represents initial dye concentration and
C; is the dye concentration at a specific time after addition of ma-
terials.

2.4. Isolation and identification of MDR E. coli

2.4.1. Isolation of E. coli

The unpasteurized milk samples were collected from the lac-
tating dairy cows sold at various marketplaces, such as veterinary
hospitals and dairy farms in Punjab, Pakistan. For immediate
milking, clean glass containers were used. A lab collected the raw
milk sample at 4 °C directly after it was collected from the mar-
ketplace. MacConkey agar was employed and incubated at 37 °C for
48 h in petri dishes to count the coliforms in fresh milk.

2.4.2. Identification and characterization of E. coli

Gram colonial morphology, several biochemical assays, and a
relation to Bergey’s Manual of Determinative Bacteriology were
utilized to determine the initial diagnosis of E. coli [27].

2.4.2.1. Antibiotic susceptibility. Mueller Hinton agar (MHA) was
examined for antibiotic susceptibility of bacteria using the disc
diffusion method [28]. Antibiotic resistance of gram-ve (E. coli)



M. Ikram, M. Shahid Ali, A. Haider et al.

bacteria was evaluated towards the following antibiotics (classes);
Azithromycin (Azm) 15pg (Macrolides), Ciprofloxacin (Cip) 5pug
(Quinolones), Gentamicin (Gm) 10pg (Aminoglycosides),
Ceftriaxone (Cro) 30ug (Cephalosporins), Amoxycillin (A) 30ug
(Penicillin), Imipenem (Imi) 10 pg (Carbapenem) and Tetracycline
(Te) 30pg (Tetracyclines)[29]. E. coli cultures were grown, and a
turbidity level of 0.5 MacFarland standard was obtained. It was then
disseminated throughout MHA (Oxoid Ltd, Basingstoke, UK), and
antibiotic discs were placed extensively over the inoculation plate’s
surface. It was applied to prevent inhibition zones from being
disturbed. The results were analyzed after 48 h of culture at 37 °C
[30]. MDR microorganisms have been identified against antibiotic
resistance to at least three antibiotics [31].

2.4.2.2. Antimicrobial activity. The antibacterial potential of pristine
V505 and (3 and 6 wt%) GO/CS-V,05 were evaluated to calculate
inhibition areas for MDR E. coliviaagar diffusion assay. MDR E. coli
has been inoculated onto agar plates at a concentration of 1.5 x 108
CFU/mL (0.5 McFarland standards) on MacConkey agar. E. coli was
routinely isolated from animal mastitis fluid for bacterial
effectiveness of pure and doped materials. After disinfecting agar
plates, 6 mm diameter pores were drilled via borer to test the
pathogenic microorganisms. Ciprofloxacin 5 pg/50 pL and DI water
50 uL were used as positive and negative controls, separately. The
boreholes were filled with host and varied concentration levels of
the doped NRs at both concentrations of 0.5 mg/50 pL and 1.0 mg/
50 uL, respectively. Plates were kept at room temperature overnight
and inhibited zones were measured by Vernier caliper. Diameters
(mm) of inhibitory zones of synthesized NRs were measured for
antimicrobial activity [32].

2.4.2.3. Statistical  analysis. The  antibacterial efficacy was
determined by measuring inhibitory zones diameters using one-
way analysis of variance (ANOVA) in SPSS 20 [33].

2.5. Molecular docking analysis

The putative mechanism of CS-V,05 and GO/CS-V,05 was esti-
mated by in silico docking, an effective technique to assess micro-
bicidal activity. Antibiotics that target the fatty acid biosynthesis
enzyme, B-ketoacyl acyl carrier protein synthase Il (FabH) and
Enoyl-[acyl-carrier-protein] reductase (Fabl), have been predicted as
viable alternatives. We exploited 3D structural attributes from
Protein Data Bank and designed via protein synthesis software to
successfully bind GO/CS-V,05 NRs into the active site. The target
access numbers were 4D46 (Resolution: 2.0) (Fabl) [34]| and 5BNR
(Resolution: 1.7) for FabH[35], respectively. Similar to our previous
investigations, SYBYL-X 2.0 was used for 3D structures to analyze
binding affinities with active residues of specific proteins [36,37].

3. Results and discussion

V,05 and GO/CS-doped V,05 NRs were synthesized via co-pre-
cipitation using ammonium metavanadate. Various concentrations
of GO and fixed concentrations of CS were put into the solution
containing NH4VOs to synthesize GO/CS-doped V5,05 NRs(Fig. 1).

X-ray diffraction (XRD) analysis was used to assess crystal
structure, phase composition, crystal size, crystallinity, and inter-
planar characteristics for undoped V,0s5 and (3 and 6 wt%) GO/CS-
V505 in the range of 20°-60°(Fig. 2a). The XRD spectra reveal seven
major diffraction peaks at angle 26 values 21.7°, 26.2°, 28.37°, 34.4°,
41.3° 51.3° and 58.7° with the corresponding (110), (101), (033),
(301),(020), (002), and (611) crystalline planes, respectively. Pristine
and GO/CS-doped V,0s exhibit the orthorhombic and tetragonal
crystal structure, with the phase composition of vanadium oxide
having space group Pmn21 and P E that is well matched with the
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standard JCPDS card # (01-076-1803, 00-045-1074). CS-doped V,05
showed prominent peaks at diffraction angle 26 values 31.1° and
44.7° with corresponding crystal (400) and (510) planes synchro-
nized with the JCPDS card No. 01-076-1803. The shift of peaks to-
wards higher angle and the appearance of a few new peaks indicate
an improvement in crystallinity. Upon higher GO concentrations, the
intensity of a diffraction peak increased, suggesting the crystalline
nature of the materials. The high crystalline nature can be confirmed
with intense and high diffraction peaks. The poor crystalline struc-
ture of carbon accounts for wide, low-intensity peaks was seen in
diffraction patterns of CS and GO. However, the higher-order crys-
talline character of the orthorhombic structure was verified by the
diffraction pattern of V,05 rods [38]. The average crystallite sizes of
pure and (3 and 6 wt%) GO/CS-V,05 NRs were determined using
Scherrer’s formula and calculated as 55, 65, 78, and 83 nm, respec-
tively. Hence, the average crystallite size also increases gradually
with an increasing concentration of dopants. The tiny crystallite size
and poor crystallization of the vanadium pentoxide are reflected in
peaks’ high sharpness and broadness. After doping, the peak in-
tensity of undoped sample increased, indicating high crystallinity
and increased crystallite size. In the case of CS and GO, the XRD
pattern differs from the bare V,0s5 NRs observed in the previous
study [39]. When the concentration of dopants was raised, the atoms
rearranged themselves in a way that changed location of 26 to the
left and boosted its intensity. Furthermore, full width at half maxima
(FWHM) became smaller and the crystal size increased upon in-
crease in doping concentration. For high doping concentrations, the
pressures imposed on via dissimilar particle sizes of vanadium and
dopant, as well as the segregation of dopants in grain boundaries,
may contribute to an increase in the crystallinity of NRs[40].

FTIR analysis performed to identify the functional groups in
pristine and GO/CS- V505 NRs in the 400-4000 cm™’, is indicated in
Fig. 2(b). The strong as well as weak bands observed around 3349
and 1655cm™! are associated with O-H stretching vibrations and
symmetric bending vibrations of water molecules, separately, that
adsorbed from the atmosphere during sample preparation [41]. The
band appearing nearby 996 cm™!, was assigned to C-O stretching
vibration from surroundings during sample preparation and also
attributed to stretching vibrations of the termination V=0 groups.
The absorption bands at 570 [38] and 691 cm™! were assigned to
asymmetric V-0-V vibrations that confirm the formation of V,05
NRs [42,43]. Following the shift to lower wavenumber, bands de-
tected for GO/CS-V,0s NRs provide strong evidence that their
structure is fundamentally different from V,0s. The significant in-
teraction between doped and V,05 nanorods is shown by the band
shift towards lower energy region [38]. Crystallinity was determined
for both pure and GO/CS-doped V,05 NRs (Fig. 2c, d) using selected
area electron diffraction (SAED) analysis. The bright spots combine
to generate bright rings (concentric rings) that are polycrystalline.
The indices of rings match perfectly with XRD data, providing
compelling evidence that resulting products were extremely crys-
talline.

UV-vis spectra were recorded for optical absorption of pristine
and GO/CS-doped V,05 in 350-600 nm range (Fig. 3a). V,05 exhibits
an absorption peak at 400 nm. Absorption spectra show a redshift
with the incorporation of CS/GO [44,45]. As the doping concentra-
tion increased, the redshift in the absorption edges was observed,
revealing that V,05 had higher optical activity in the visible region
[46]. Absorption of GO/CS-doped V,0s5 is accompanied by a redshift,
implying morphological effects with many active sites or a quantum
confinement effect. Absorption in higher wavelengths was detected
after doping with CS/GO and attributed to decreased band gap en-
ergy (Eg). The Eg was calculated using the Tauc relation («hv)?, and
the extrapolated value of the line for pristine specimen was 3.1 eV.
The higher concentration of CS/GO, Eg has been reduced from 3.1 to
2.87 eV(Fig. 3b). This decrease in bandgap energy upon doping can
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Fig. 2. (a) X-ray diffraction pattern of GO/CS-V,0s5 NRs, (b) FTIR spectra of doped V,0s, and SAED images of V,0s (c), CS-V,0s5 (d) 3 wt% GO doped CS-V,05 NRs (e) 6 wt% GO doped

CS-V>05 NRs (f).

be attributed to the shift of the absorption edge to higher wave-
lengths (redshift).

PL emission spectra of synthesized specimen were examined to
regulate the variations in charge-transfer efficiency and re-
combination rate. Once electrons inside VB are accelerated to a CB
during an emission peak but revert to the VB, a photo-
luminescence spectrum is generated [47]. The control sample
exhibits a single brilliant green emission band at 548 nm [48,49]
that can be represented in Fig. 3 (c). A pristine sample demon-
strates the highest intensity, high recombination, and lowest
electron transfer efficiency rate. Peak intensity reduced after
doping, indicating a lower charge carrier recombination, but in-
creased as GO content increased, indicating a strong preference

for a photo-generated charge carrier [50]. PL intensity decreased,
suggesting a slower e- h™ recombination rate, increasing the
excited charge carriers’ duration. The highest intensity can be
observed in undoped nanostructures with a high e™- h+ pair re-
combination rate. With the addition of CS/GO, the peak intensity
decreased, which caused a decrease in electron-hole recombina-
tion and increased the electron-hole transfer rate, which en-
hanced the degradation efficiency of dye.

SEM analysis for the surface morphology of doped V,0s is re-
presented in Fig. 4(a-d). The pure sample indicates the formation of
clusters with aggregation and agglomeration of V,05 constituents.
The incorporation of CS and GO increased agglomeration, indicating
the formation of chunk-like morphology and nanorods. As the
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Fig. 3. (a) Absorption spectra, (b) band gap energy and (c) PL emissionspectra ofdoped V,0s.
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KV

Fig. 4. (a-d) SEM micrograph of synthesized NRs (e-h) TEM micrograph of synthesized NRs.

doping concentration of GO/CS increased, the morphology of the
nanorods and layers of sheet-like morphology were observed.

The topography, surface structure, and appearance of specimen
were investigated using TEM Fig. 4(e-h). The V,05 sample indicates
the formation of nanorods with accumulation and aggregation of V
and O at the atomic scale. The addition of CS in the control sample
showed that agglomeration decreases and exhibits small nanorods
proclaimed in CS-V,0s. With GO, the TEM images exhibited a
smoother and more sheet-like morphology of nanorods. The ag-
glomeration rises as the doping concentration of GO increases, in-
dicating the sheet-like morphology of synthesized materials;
additionally, nanorods emerge in the sheets.

HR-TEM morphology indicate interlayer p-spacing of synthe-
sized NRs in Fig. 5(a-d). The interlayer p-spacing value was

calculated via Gatan digital micrograph software onto HR-TEM
micrographs. The p-spacing values of V,05 and GO/CS-V,05 were
calculated as 0.15, 0.32, 0.31, and 0.31 nm for diffraction in the
(002), (033), (240) and (240) planes that are synchronized with
XRD measurements and JCPDS card numbers 01-076-1803,
00-045-1074.

EDS analysis validated the vanadium and oxygen existence in
V505 nanopowders by analyzing their chemical composition
(Fig. 6(a-d)). The appearance of vanadium and oxygen in all the
prepared samples indicates the synthesized product’s purity. The
mapping analysis confirmed the presence of vanadium and oxygen
elements with various color combinations for GO/CS-V,0s. The ex-
istence of molybdenum was revealed due to instrumental error in-
dicated in Fig. 6(e-h).

Fig. 5. The calculated interlayer p-spacing (a) V,0s (b) CS-V,0s5 (c) 3 wt% GO/CS-V,05(d) 6 wt% GO/CS-V,0s,

5
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Table:1
Literature comparison of degradation with current study.
No. Prepared sample Synthesis method Target dye Degradation Performance Refs.
1 V505 Soft chemical method Methylene blue (MB) 92%. [51]
2 V,05 hydrothermal Methylene Orange 82%, [52]
3 V,05-rGO oxidation process Rhodamine B (RhB) 84% [53]
4 g-C3N4/PAA-V,05 co-precipitation RhB 933 [54]
5 GO/CS-V,05 co-precipitation RhB 93.7% Present work

The CA test was performed to degrade the RhB dye with NaBHj,
while synthesized NRs acted as electron shuttles between oxidizing
and reducing agents for degradation. The degradation of RhB dye
was investigated using synthesized catalyst V,05 and GO/CS-doped

V,0swith the help of UV-vis spectroscopy in 200-800 nm range.
V,05 and GO/CS doped V,05 NRs exhibited maximum degradation
against RhB dye at 88.85, 93.71, 91.71%, and 91.28% in neutral

medium (pH

7), 89.85%, 78.71%, 52.85% and 88% in acidic
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Fig. 8. Catalysis mechanism of the prepared NRs.

conditions (pH = 4) and 81.0%, 80.28%, 86.0% and 82.42% in basic
medium (pH = 12), respectively(Fig. 7a-c). The comparison of pre-
sent study with the literature of GO/CS-doped V,05 NRs proved it to
be a superior catalyst (Table 1). The highest catalytic efficiency was
recorded in all three media. Due to its numerous roles, it is difficult
to evaluate the pH effect on the effectiveness of the catalytic de-
gradation of organic compounds. The first connection pertains to the
surface acid-base properties of the metal oxides. The OH-charge
group in water molecules breaks down when it comes into contact
with chemically similar metal hydroxyl (M-OH) groups. The catalyst
surface acquires a negative electrical charge as the pH of the solution
rise because of the adsorption of OH ions. The production of OH free
radicals, which are generally considered as the principal oxidizing
species capable of degrading organic pollutants at neutral or high pH
levels, is stimulated by the presence of large numbers of OH ions on
the surface of the particles and in the reaction system. The study
revealed that the basic and neutral zones eroded more quickly than
the acidic medium [55].

The catalytic degradation of dye was observed by a redox reac-
tion in which pure and GO/CS-doped V,05 NRs act as a catalyst. The
catalytic mechanism for the reduction of RhB can be proclaimed in
Fig. 8. The redox reaction occurs between chemical substances RhB
and NaBH4 where an electron is transferred from donor to acceptor
atoms. The nucleophilic NaBH,; donates electrons to the NRs,
whereas the electrophilic RhB may take electrons from the NRs to
produce their equivalent reduction. The higher surface area of NRs
necessitates a lower NaBH, loading. Upon higher concentrations of
dopants in V,05 NRs, the RhB degradation reaction rate increases
exponentially in a neutral medium.

RhB degradation typically included N-deethylation and con-
jugated structure disintegration [56,57]. The % degradation of RhB
rapidly accelerated, accompanied by a color change from pink to
nearly colorless, demonstrating the loss of conjugated xanthene ring
in the structure of RhBdye[58,59]. Benzenoid removal intermediates
with mass divided by charge (m/z) values of 222, 157, 148, and 147
were also found, confirming fragmentation of RhB’s conjugated

xanthene structure [60,61]. The m/z values 268 and 254 corre-
sponded to N-deethylated intermediates [62,63]. The intermediates
mentioned above might be further reduced into different products
with m/z values of 148, 118, and 104, respectively [61,64,65]. Low
molecular weight compounds could ultimately be degraded and
mineralized to produce CO,, H,0, and other inorganic substances. A
plausible mechanism for the degradation of RhB by GO/CS-doped
V,05 beads with NaBHy, is illustrated in Fig. 8. As a consequence, the
production of "OH radical will be quenched which causes an increase
in dye degradation efficiency. Furthermore, achieving a few more
accessible sites to adsorb on the surface of nanocatalyst with the
addition of GO somewhat improves the degrading efficiency [66,67].
The antibacterial efficiency of the hosts and (3 and 6 wt%) GO/CS-
V5,05 NRs for E. coli was assessed using diffusion method. For E. coli,
substantial inhibition regions determined at low and high con-
centrations; (2.05-2.85mm) and (2.95-3.75mm), respectively
(Table 3) were compared to ciprofloxacin having inhibition zone of
8.45mm, and DIW (0mm). If V,05 were in low concentrations,
measurements show minimum inhibition zones, but maximum in-
hibition zones would be observed with high concentrations. Ac-
cording to these observations, 6% GO/CS-V,05 NRs show improved
bactericidal performance against E. coli[71]. The comparison of lit-
erature review and present work for antimicrobial activity of pre-
pared GO/CS-doped V,05 NRs catalyst can be seen in Table 2.
Reactive oxygen species (ROSs), which usually produce oxidative
stress, may represent the main mechanism in the following reaction.

GO/CS-V,05 + hv (photon) — h* (hole) + e” (excited electron)
e + 0y —» 0y
h*+H,0 - OH +H"

03 + H" - *HO,

Table 2
Literature comparison with the current study for antimicrobial activity.
No. Prepared sample Synthesis method Target bacteria Inhibition zone (mm) Refs.
1 V505 hydrothermal E. coli 19 [68]
2 HAP/V,05/GO co-precipitation E. coli 171 [69]
3 Gd-V,05/RGO wet chemical S. aureus 14 [70]
4 g-C3N4/PAA-V,05 co-precipitation E. coli 6.65 [54]
5 GO/CS-V,05 co-precipitation E. coli 3.75 Present work
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Table 3
Antibacterial potential of V,05 and (3 and 6 wt%) GO/CS-V,05 NRs.
Samples E. coli
Inhibition zone (mm)
0.5 mg/50 uL 1.0 mg/50 uL
V505 2.05 2.95
CS -V,05 2.30 315
3% GO/CS-V,05 2.55 345
6% GO/CS-V,0s5 2.85 3.75
Ciprofloxacin 8.45 8.45
DI water 0 0

*HO, +e™ + H* —-Hy0,

‘H,0;, + *03 —<OH + 0, + OH”

Radicals that can affect cell DNA and proteins include hydroxyl
(*OH), superoxide (0,¢), and hydrogen peroxide (H,0,). Here, GO/CS-

CS/GO doped V,05
NRs
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V,05 NRs served as the generator of the ROSs released that increases
the zone of inhibition[72].

The reaction [73] represents the mechanistic response of anti-
microbial activity, where ROS plays an essential part in the killing of
pathogenic bacteria (Fig. 9). Direct exposure with produced sub-
stance damages the cell wall and membrane of bacteria, leading to
their mortality. When NRs generate intracellular ROS and interact
with an organism’s nucleic acid, they disclose their antimicrobial
action by causing single and double-strand ruptures in nucleic acid’s
nitrogenous base and sugar-phosphate bond [74]. This is performed
by boosting the oxidation of remaining amino acids and dis-
connecting critical proteins, interrupting a wide range of metabolic
activities|75]. This suggests that reactive oxygen species (ROS) may
be harmful to nucleic acid, and DNA damage in bacterial cells [76].
The interaction of electrostatic charge and bacterial membrane
causes lysis and cell collapse. This contact eventually results in the
death of the microorganisms involved. NRs destroy bacteria better at
higher concentrations|77].

+++ Interference and electronic

transportation

Ribosome
disassembling

r

.

Cell pm
membrane

Interference with
DNA
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Damaging of
DNA

Damaged Direct attachment
DNA of NRs with cell

Fig. 9. Schematic mechanism of antimicrobial activity of the prepared NRs.

Fig. 10. (a) Binding interactions of CS-V,0s (a (3D), b (2D)), and GO/CS-V,05 NRs (c (3D), d (2D)) inside the active pocket of Fablgc,; complex.
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Fig. 11. (a) Binding interactions of CS-V,0s (a (3D), b (2D)), and GO/CS-V,05 NRs (c (3D), d (2D)) inside the active pocket of Fablg,; complexFabH from E.coli.

The Fabl and FabH enzymes in the fatty acid production pathway
are major targets (78] and are investigated in this study. Docked
complexes revealed their binding pattern in active region as well as
proved their effectiveness against specific enzyme targets. In CS-
V505, optimally docked area for Fablg,; demonstrated H-bonding
interactions with Thr194 and Ile20, Lys163, Gly 93, and Met159. A
4.19 binding score can be indicated in Fig. 10 (a,b). Similarly, GO/CS
-V,05 residues include pi-alkyl interactions with Ala95, Leu100, and
Ala196; H-bond with Ser91 having a binding score of 5.37
(Fig. 10c-d).

The docking complex of CS-V,0s exhibited H-bonding with
Gly209, Asn210, and Arg 151, proclaimed in Fig. 11 (a,b). These CS-
V505 NSs were considered as potent antagonists, inhibiting FabH
enzyme’s active region with a binding score of 2.74. The docking of
GO/CS-V,05 NRs revealed H-bonding interactions with Gly152,
Arg151, and Asp150 along with 3.87 binding scores (Fig. 11¢c-d). En-
zymatic activity terminates when ligand restricts substrate accessi-
bility to the active site. GO/CS-V,05 NSs had improved antibacterial
action for E. coli, and in silico estimations for particular targets em-
phasized their possible binding patterns in active pocket, suggesting
them as enzyme inhibitors.

4. Conclusion

The co-precipitation technique was utilized to prepare V,05 and
doped vanadium oxide nanorods with graphene oxide/carbon
sphere doping concentrations of 3 and 6 wt%, respectively, to attain
enhanced catalytic and bactericidal properties along with molecular
docking analysis. SAED investigations supported formation of poly-
crystalline nature of synthesized nanorods. Furthermore, XRD ana-
lysis revealed the presence of orthorhombic and tetragonal
structures with high phase purity, crystallinity, and crystallite size
values measured at 55, 65, 78, and 83 nm, respectively. The TEM
results showed that prepared nanorods possessed sheet-like mor-
phology. Additionally, EDS and mapping analysis confirmed the
elemental composition of the synthesized nanorods. FTIR spectra

proclaimed the vibration bands V-0-V, which confirmed the pro-
duction of V,0s. The optical absorption was noticed at 400 nm. With
the incorporation of GO/CS, the redshift was observed, and a re-
duction in energy band gap of 3.1-2.8 eV was detected. The optical
emission spectra show the least amount of electron-hole re-
combination as the intensity decreases with the addition of GO/CS.
The dye was destroyed in a Fenton-like process in which RhB dye
decomposed into byproducts such as H,0 and CO,. Compared to GO/
CS, the pristine sample displayed promising degradation for RhB dye
in different environments (neutral, acidic, and basic) at 88.89%,
89.85%, and 81.0%, respectively. In neutral medium, CS-doped
(93.71%) sample degraded the dye most effectively. Furthermore, the
bactericidal capability of the synthesized NRs was tested against E.
coli, and the inhibition zones measured at high concentrations for
high dosages were 3.75 mm. Molecular docking proposed potential
mechanism for microbicidal effect of CS-V,05 and GO/CS-V,05 NRs
towards Fabl and FabH enzymes of E. coli.
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