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Abstract: Arsenic (As) is the most poisonous metalloid with negative effects on the plant and
ecosystem. In the current study, observed that iron oxide nanoparticles (NPs) affected the molecular
features of rice under arsenic (As) stress. The result showed that 1-D electrophoresis (SDS-PAGE)
demonstrated variable expression of protein profiles. The polypeptide pattern was altered in the
SDS-PAGE under arsenic stress. The findings also showed that low molecular weight polypeptides
(MTs) expression was maximum under arsenic stress, while iron oxide NPs decreased the
expression of these polypeptides and reduced the arsenic stress. RT-PCR was used to analyse the
expression of the MYB transcriptional factor, WRKY, and OsGF14 genes in the rice plant. The results
showed that these genes were up-regulated in response to arsenic stress, iron oxide NPs reduced
arsenic stress, and Myeloblastosis (MYB), WRKY, and OsGF14 genes had very low expression levels.
Our work showed that iron oxide nanoparticles (NPs) not only reduced the effects of arsenic stress
but also decreased the expression of stress-related genes and metallothioneins (MTs).

Keywords: arsenic; iron oxide NPs; transcriptional factor; gene; SDS-PAGE

1. Introduction

In recent years, there has been a lot of research on the molecular and proteomic mechanisms by
which plants interact with their surroundings. Plants are severely harmed by toxic compounds like
arsenic (As), which alters their physiology and metabolic activities (Wiszniewska, 2021). A longer
length of submersion in water increases the likelihood that rice plants may accumulate arsenic
(Zakaria et al., 2021). The toxicity of arsenic prevents seed germination, reduces photosynthesis,
inhibits the growth of the root shoot, and has a negative impact on the protein composition of plants
(Akhtar et al., 2021). By increasing osmolality, lowering water potential, decreasing leaf area and
transpiration, and creating reactive oxygen species (ROS) through oxidative bursts of the lipid
membrane, protein, and DNA, these dangerous metalloid impair osmoregulation in plants (Kaur et
al., 2021).

High temperatures, as well as biotic and abiotic pressures, among other harsh climatic variables,
have all been shown to negatively affect plants. Arsenic buildup has a negative impact on rice plants'
protein levels. Arsenic stress results in protein aggregation and/or disintegration in the endoplasmic
reticulum, which affects plant viability (Angulo-Bejarano et al., 2021). Rice is a model plant for
molecular study due to its small genome and well-organized database. SDS-PAGE was used to
examine the protein expression pattern in rice after exposure to arsenic. The early finding of Altaf et
al., (2021) demonstrated that arsenic stress modifies gene expression levels, and altered metabolite
levels result in an imbalance in protein levels, which has a deleterious influence on metabolism. It
was also investigated the protein expression and banding pattern change under cadmium stress
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(Priyanka et al.,, 2021). The protein content of plants was dramatically boosted by iron oxide
nanoparticles, which have a direct role in protein synthesis (Lee et al., 2021). When treated to silver
nanoparticles, Pisum sativum L. dramatically increased its protein and carbohydrate content (Awan
et al., 2020). Different proteins may build up or be generated in plants under stressful circumstances
(Tariq et al., 2021).

Arsenic complexes, storage in a different plant compartment, and interaction with metal-binding
proteins like metallothioneine (MTs) and phytochelatein are only a few of the various arsenic stress
adaption mechanisms employed by plants (Li et al., 2020). Consequently, metallothioneins (MTs),
which are produced by stressed plants, are a great biomarker. The stress protein metallothioneins
(MTs), which was found, belongs to a class of proteins with a cysteine concentration of 20-30%
(Maluin et al., 2021). According to (Ahmad et al., 2020) consequently, stressed plants develop
metallothioneins (MTs), which are excellent biomarkers. The stress protein metallothioneins (MTs),
which was found, belongs to a class of proteins with a cysteine concentration of 20-30% (Delrue et
al., 2021). Studies show that arsenic stress causes DNA strand breakage, changes in gene expression,
and chromosome aberration in rice plants. Stress-related genes and transcription factors (TFs)
expressed more highly in plants under stressful conditions. Transcription factors (TFs) have DNA-
binding domains, oligomerization sites, and signal localization (Tariq et al., 2021).

Arsenate responsive transcriptional factor (WRKY®6) is reported to control the expression of
arsenate and phosphate in Arabidopsis (Kerchev et al., 2020). R2R3 MYB transcriptional factor
expression is increased in response to arsenic III treatment, and this transcriptional regulation of
arsenic responses is important. In plants, the MYB protein, which has a conserved DNA binding
domain, is made up of a variety of transcriptional factors. Stress dramatically increases the expression
of the OsARMI gene in arsenic (III). Under various biotic or abiotic stress situations, these
transcriptional factors are controlled (Muzamil et al., 2020). Arsenic-responsive genes' expression was
decreased as a result of iron-oxide nanoparticles' restriction of arsenic in rice roots and reduction of
arsenic flow in plants (Zhou et al., 2021). The largest superfamily of transcriptional regulators is called
WRKY. WRKY proteins differ from other proteins due to the WRKY domain, which has 60 amino
acids and a conserved amino acid sequence (WRKY GQK) that adapts to the zinc-binding motif.
WRKY proteins have been divided into three groups (LILIII) and subgroups (Ila.llb). Transcriptional
factors (WRKY) are involved in the formation and regulation of plant growth, participation in the
defence system against pathogens, and response to biotic and abiotic stress conditions. These
transcriptional factors can be positively or negatively regulated in plants. These rice Ila subfamily
members are designated as WRKY62, WRKY28, WRKY71, and WRKY76. OsWRKY28, a
transcriptional factor, was up-regulated in rice under arsenate (V) stress (Jaskulak et al., 2019). It was
reported that 14-3-3 proteins bind to a variety of signalling molecules and transcriptional regulators.
These proteins play a part in regulating the growth and response of plants to diverse biotic and abiotic
stressors. According to Khan et al.,, (2022), OsGF14b, OsGF14C, OsGF14e, and OsGF14f, together
known as the "14-3-3" genes, react to stimuli in distinct ways. The treatment with iron oxide
nanoparticles changed the expression of the OsGF14 gene in rice plants (Kerchev et al., 2020). The
goal of this study was to pinpoint the molecular changes brought on by arsenic exposure in rice
plants. Therefore, we investigated the effect of iron oxide NPs on protein pattern variation using SDS
PAGE and variations in gene expression for MYB, WRKY, and OsGF14 in rice under arsenic stress.

2. Materials and Methods

2.1. Seeds Collection

'Super Basmati' (SB) rice (Oryza sativa L.) cultivar seeds were received from the NARC (National
Agricultural Research Centre) in Islamabad, Pakistan, and iron-oxide nanoparticles were biologically
produced from Bacillus subtilis. The seeds were sterilised for three minutes with 1 percent sodium
hypochlorite before being gently washed in distilled water to remove any sodium hypochlorite
residue (Khan et al., 2021).
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2.2. Experimental Procedure

After germination, some seeds were cultivated on petri plates before being transferred to a
plastic hydroponic tray with Hoagland solution. In a greenhouse, plants were allowed to grow for 21
days using the previously described method (Akhtar et al., 2021). Following that, seedlings were
treated for one week with As20s (0, 5, 10, and 15 mg/L), iron oxide nanoparticles (5, 10, and 15 mg/L),
or a combined treatmenys (As20s + iron oxide NPs). The protein content and gene expression of
harvested leaves, including those for MYB, WRKY, and OsGF14, were examined.

2.3. Low Molecular Weight Polypeptide (Metallothioneines)

The cysteine-rich polypeptide metallothioneins was quantified using a spectrophotometric
assay in accordance with the method described in a previously published procedure (Khan et al.,
2021). Plant samples were homogenized in a solution containing 20 mM Tris HCL (pH 8.6), 0.1% beta-
mercaptoethanol, and 0.5 M sucrose. After completely crushing the combination, the MT-containing
supernatant was recovered by centrifuging it for 30 minutes at 10,000 rpm. Cold ethanol and
chloroform were combined with one millilitre of supernatant, and the mixture was centrifuged for
ten minutes at 6,000 rpm. The supernatant was mixed with three millilitres of cooled ethanol, and the
mixture was then kept at a low temperature for 60 minutes. 10 minutes of a second centrifugation at
6000 rpm. After rinsing the pellet with a buffer solution, centrifuge at 6000 rpm for 10 minutes
(ethanol: chloroform at a ratio of 87:12). A pH 7 solution of 5 mM Tris HCL and 1 mM EDTA was
used to suspend dry pellets. The fraction was re-suspended and kept at 25°C for 30 minutes while
mixed with 420ml of 0.43 mM NBT and 0.2 M phosphate buffer. At 412 nm, the absorbance was
measured using a typical GSH curve.

Quantification of Low Molecular Weight Polypeptide

Plant material was boiled in protein extraction buffer 0.5 M, which contains a small amount of
bromophenol blue, 1 M Tris HCL pH 6.8, 100 percent beta-mercaptoethanol, 80 percent glycerol, and
10 percent SDS. For 5 to 10 minutes, the pH of the solution was held at 7.4. following the previously
published protocol (Akhtar et al., 2022). A process previously outlined by Laemmli (1970) was
followed to estimate protein using Bradford's method. Low molecular weight proteins (MTs) were
separated in a 17 percent SDS twin micro gel electrophoresis apparatus (USA) for 2.5 hours at 80 V.
The gel was stained for 20 minutes with 20% methanol and Coomassie blue dye (R-250, Sigma). After
adding 5% acetic acid to the sample, the bands were compared on the electro photogram to a common
protein marker using the previously reported methodology (Akhtar et al., 2020).

2.4. Protein Extraction

In order to determine protein extraction, determined by following method of Akhtar et al., 2022).
A 15 mg leaf sample was first homogenised in 400 1 of protein-extraction buffer, which contained
2.5% SDS, 5% 2-Beta mercaptoethanol, 0.5 M of Tris HCl, 10% Glycerol, and a trace amount of
bromophenol blue. The extract was then incubated at 40°C for 24 hours. The mixture was centrifuged
for 10 minutes at 13000 rpm with the supernatant retained at 4 °C. Using the procedure of Bradford,
(1976), the protein was validated by contrasting the protein sample with the reference protein BSA
(Bovine serum albumin).

SDS PAGE

Proteins were analysed using SDS PAGE in accordance with the methodology established by
the method of Akhtar et al., 2022). Proteins were analysed using SDS PAGE in line with the
methodology for (Table 1). After the comb had set, protein samples and 5 1 of protein leader were
added to each well. Both gel plates were placed in the gel tank and run at 120 volts for 120 minutes.
Staining (40 min) and destination (24 hrs) were carried out for simple band visualisation.
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Table 1. Chemical composition of running and stacking gel.

Running gel Composition Stacking gel composition
Component Quantity Components Quantity

1.5M Tris-HCl (pH 8.8) 2.6ml 0.5M Tris-HCI (pH 6.8) 2.50ml
Distilled water (DW) 3.2ml Distilled water (DW) 3.975ml

30% of Acrylamide 4ml 30% of Acrylamide 600ul

20% of SDS 100ul 10% of APS 50ul

10% of APS 100l 20% of SDS 100l

TEMED 7-10ul TEMED 5-7ul

2.5. Gene Expression Analysis

2.5.1. Extraction of RNA and cDNA Synthesis

According to the method by the following method of Akhtar et al., 2022, the triazole technique
was used to extract the RNA. One millilitre of trizol was added to fresh plant leaves, which were then
vortexed for 15 minutes and heated for 10 minutes at room temperature. The sample was centrifuged
at 13000 rpm for 10 minutes. 200 1 of chloroform received 2 ml of supernatant before being vortexed
for 15 minutes and then incubated for 3 minutes at room temperature. The sample was centrifuged
once again for 15 minutes at 4 degrees Celsius and 13000 rpm. A new tube was used to collect the
supernatant, and 5 ml of isopropanol was added before the mixture was incubated at 37°C for 10 min.
Following a ten-minute, 13000 rpm centrifugation of the mixture, the pellet was washed with ethanol
before being dried.

2.5.2. Polymerase Chain Reaction (PCR) for Gene-Specific Families

Using primers for gene-specific families including MYB, WRKY, and OsGF14, the cDNA was
amplified. The PCR condition was initially denatured for 5 min at 95°C during the heat cycle, then
extended for 12 min at 72°C after 30 cycles of 95°C for 20 sec, 60°C for 30 sec, and 72°C for 40 sec.
Using the gel documentation system, bands were observed on a 1.5% agarose gel after the PCR
product was generated.

Table 2. Polymerase chain reaction (PCR) cycle.

Step Temperature Time Number of cycle
Step 1 Initial denaturation 95°C 5 min -
Denaturation 95°C 20 sec 30
Step 2 Annealing 60°C 30 sec -
Extension 72°C 40 sec -
Step 3 Final Extension 72°C 12 min. -

2.6. Statistical Analysis

There were two runs of the experiment. Analysis of variance was performed to compare the
"means” to see if there were any significant differences. The "Duncan" multiple range test was
performed in conjunction with statistics 9 software to determine the significance of the difference
between treatments (version 10).

3. Results

3.1. Low Molecular Weight Polypeptide (Metallothioneines)

The concentration of MTs in the control and arsenic (As) treated samples was calculated using
the standard glutathione curve as a guide. As initially reported in the literature by Palmiter (2004)
and Tsugama et al. (2011), 1 Mol of MTs equals 20 Mol of GSH. Plants cultivated with arsenic, iron
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oxide NPs, and As + iron oxide NPs all exhibited MTs concentrations that could be seen (Figure 1).
Iron oxide NPs decreased the content of MTs in plants grown in arsenic-contaminated water, which
was observed. MT levels in arsenic-treated plants were as high as 15 ppm (0.159 mol). Iron oxide NPs
considerably decreased the MTs (0.112 mol) and (0.134 mol) with relation to 15 ppm arsenic in the
treated plant at 5 and 10 ppm (MTs: 0.11 mol and 0.134 mol). However, a combined strategy (5 As +
5 iron oxide NPs) reduced the. For the investigation of MT expression, SDS PAGE profile was used.
There was an observed maximum optical density for each band. Different gel concentrations were
used to view the polypeptides. On a 17% SDS PAGE, electrophoresis revealed numerous polypeptide
bands. The combined treatment of NPs and arsenic (5 iron oxide NPs + 15As) demonstrated low
bands intensity (6.36%) at 7kDa in contrast to 15ppm of As treated plants (10.2%). The polypeptide
density raised in iron oxide NPs-treated plants whereas it was lacking in polypeptide bands in
arsenic-treated plants, demonstrating the protective role iron nanoparticles play in arsenic-
contaminated water (Figure 1A,B).
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Figure 1. The impact of iron oxide nanoparticles produced by Bacillus subtilis on the levels of
metallothioneines in rice (Oryza sativa L.) in arsenic-contaminated water, as expressed in (A)
quantification and expression (B) intensity. Iron oxide nanoparticles (5, 10 ppm), 15 ppm arsenic (As),
and combined treatments (15 ppm As + 5 ppm iron oxide NPs, 15 ppm As + 10 ppm iron oxide NPs).
Data are shown as Mean + S.E., with different letters on each error bar denoting statistical significance
at the 0.05 level.

3.2. Denatured Sodium Dodecyl Sulfate SDS-PAGE

A variety of arsenic treatments were applied to the total extracted protein, either alone or in
combination with iron oxide nanoparticles (NPs). To gauge the expression of these proteins, SDS
PAGE was employed. Protein banding intensity in D.W. 5, 10, and 15ppm NPs was higher than it
was in samples that had been exposed to arsenic (Figure 2A,B). Several protein bands with various
intensities at molecular weights (26, 34, 43, 55, 72, 95, 103, 180, and 190KDa) were seen in plants
cultivated in distilled water. The protein bands were shown to be dense after being exposed to 5 ppm
of iron oxide NPs, with banding intensity peaks at 55, 72, and 180 kDa markers (17.2, 4.3, and 15.3%),
respectively. Plants possess RNA polymerases II, nucleases, peroxidases, and lipoxygenases.

In plants raised in arsenic-contaminated water, protein banding expression was altered. At
15ppm of arsenic treatment, it was found that protein banding expression and intensity were low
(8.3, 2.2, and 7.5KDa) at various marker sizes (55, 72, and 180KDa) (Figure 2A,B). According to the
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literature, the plant lacked lipoxygenases and RNA polymerase II, although it did have low levels of
nucleases and peroxidases. It was discovered that treatments with smaller concentrations of iron
nanoparticles produced the strongest banding. At the combined treatment 5NPs+15As, protein
banding expression and intensity were low (7.6, 8.1, 12.3, and 11.3) at marker sizes 43, 45, 55, and
180KDa (Figure 3A,B).
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Figure 2. The effect of Bacillus subtilis synthesized iron oxide nanoparticles on rice (Oryza sativa L.) (A)
Protein banding profile and (B) protein banding intensity in arsenic (As) contaminated water. Lane
1: (distilled water), Lane 2: (5ppm NPs), Lane 3: (10ppm NPs), Lane 4: (15ppm NPs), Lane 5: (5ppm
As), Lane 6: (10 ppm As) and Lane 7: (15ppm As).


https://doi.org/10.20944/preprints202308.0402.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 August 2023 doi:10.20944/preprints202308.0402.v1

A B
190 M 43KDa W 45KDamm 55KDa mm 180KDa
180 2
103 9
3.15
®
&
§ 10
55 3
T 5
u
26 0
9 Q‘) Q‘) Q‘) 9 49 Q‘) 9 49
Riki §@¢¢§$éé$
v A33333: Fi IS
lo . s iy, g el -~ iy ey s
B ” 9 Treatments
o‘ ',\‘ 4 ‘,w ‘N‘,«w ‘e"o- & 0‘@&@»"'@*"
O O
Treatments

Figure 3. The Bacillus-subtilis synthesized iron oxide naoparticles effect on rice (Oryza sativa L.) (A)
protein banding profile and (B) protein banding intensity in arsenic(As)-contaminated water. Lane 1:
(5As+5NPs), Lane 2: (5As+10NDPs), Lane 3: (5As+15NPs), Lane 4: (10As+5NPs), Lane 5: (10As+10NDPs),
Lane 6: (10As+15NPs), Lane 7: (15As+5NPs). Lane 8: (15As+10NPs). Lane 9: (15As+15NPs).

3.3. Gene Expression Analysis

The expression profiles of the arsenic sensitive genes MYB, WRKY, and OsGF14 transcriptional
factor were determined in rice plants grown in iron oxide NPs and arsenic alone or in combination
treatments (As+ iron oxide NPs).

3.3.1. Expression Profile of Arsenic Responsive MYB Transcriptional Factor

The 20 MYB gene families have a big impact on the differentiation and plant growth processes
in the rice plant. In the current study, we looked at the expression of 15 MYB genes in plants growing
in distilled water, water that had been contaminated with arsenic, water that had iron oxide
nanoparticles, and a combined treatment (As+ iron oxide nanoparticles). RT-PCR was utilised to
analyse the transcriptional profile of arsenic responsive transcriptional factors including MYB in
leaves using control and treated plants. The "MYB genes" (MYB 1, MYB 2, MYB 3, MYB 4, MYB 5,
MYB 11, MYB 12, MYB 13, MYB 14, MYB 15, MYB 16, MYB 17, MYB 18, MYB 19 and MYB 20) were
shown to be up-regulated in arsenic-treated plants in (32.2, 22, 29, 40, 7, 29, 30 (Figure 4A,B).
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Figure 4. The (A) Myeloblastosis (MYB) gene and (B) Gene intensity in rice (Oryza sativa L.) grown in
water contaminated with arsenic (As) is affected by iron oxide nanoparticles generated by Bacillus
subtilis. Various methods were used, including distilled water (D.W), iron oxide nanoparticles (NPs)
at 5 ppm, 15 ppm of arsenic (As), and a combination strategy.

3.3.2. Expression Profile of WRKY Transcriptional Factor

Many biological processes in plants depend on the WRKY transcriptional factors, but their
reaction to biotic and abiotic stresses is particularly important. In the current study, we investigated
the expression of four WRKY genes in plants growing in distilled water, water contaminated with
arsenic, iron oxide nanoparticles, and a combined treatment (As+ iron oxide nanoparticles). Using
RT-PCR, the WRKY transcriptional profile in untreated and treated plant leaves was compared. As
compared to plants grown in distilled water, where banding intensities were, respectively, 28.1, 27.2,
and 27.3%, arsenic-treated plants had an up-regulation of "WRKY genes" together with greater
banding intensities (WRKY 62, 71, 76, and 28) (Figure 5A,B).
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Figure 5. Rice (Oryza sativa L.) grown in water contaminated with arsenic (As) and the effects of iron
oxide nanoparticles generated by Bacillus subtilis on the (A) WRKY genes and (B) relative intensity.
Various methods, including combination treatment, distilled water (D.W), iron oxide nanoparticles
(NPs) at 5 ppm, and 15 ppm of arsenic (As).

3.3.3. Expression Profile of OsGF14 Gene Family

The widely present protein OsGF14 was essential for signalling, regulating plant growth,
metabolism, and adaptation to numerous biotic and abiotic stresses. We investigated the effects of
iron oxide nanoparticles generated by Bacillus subtilis on the OsGF14 expression profile in rice plants
(Oryza sativa L.) growing in iron oxide NPs and arsenic (As) polluted water in the current study.
OsGFl4 a, b, ¢, d, e, g, and h, as well as banding intensity (15.2, 13.1, 17.1, 22, 25.1, 26.2 and 20.3%), in
the arsenic-treated plants were up-regulated. Expression was less than when arsenic alone was
treated when iron oxide nanoparticles were also added. Additionally, administration of iron oxide
NPs resulted in down-regulation and a (Figure 6A,B).
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Figure 6. Effect of iron oxide nanoparticles produced by Bacillus subtilis on the (A) OsGF14 genes and
(B) relative intensity in rice (Oryza sativa L.) grown in water contaminated with arsenic (As). Different
approaches Arsenic (As) 15 ppm, iron oxide nanoparticles (5 ppm), and combined treatment (5 iron
oxide NPs + 15 As) in distilled water.

4. Discussions

Due to rapid industrialisation, human activity, and agricultural practises, arsenic levels in
drinking and irrigation water have considerably grown. Arsenic stress causes major proteome and
molecular changes that have an impact on plant growth. As a result, the demand for more efficient
arsenic adsorbents is growing. Particularly nanoparticles have drawn a lot of interest because of their
distinctive morphological, textural, and structural properties (Javaid et al. 2020). It has been
demonstrated that iron oxide NPs promote nutritional reserves and increase molecular activity to
sustain growth in arsenic stress. The direct enhancement of nutrient intake and water molecule
transport from the plant's roots to its higher sections by these iron ions also improved cell integrity
(Mitra et al., 2021)

The formation of metallothioneins (MTs) by plants under arsenic stress is a well-known
phenomenon (Gu et al., 2020). Recent research revealed that a plant grown in arsenic-tainted water
contained a sizable amount of MTs. Our findings support (Ashraf ef al., 2021) According to early
research; plants under arsenic stress have higher MTs levels. High-intensity polypeptide in the 5-
18KDa range was verified by SDS-PAGE profiling. Even while a higher MTs content in Brassica plants
under Cd stress was confirmed, according to a previous study (Hossain ef al., 2021). Iron oxide NPs
have shown a significant tolerance to arsenic in contaminated water by lowering the MTs level.

Stress caused by arsenic in rice plants affects a variety of physiological systems. Proteomic
analysis is a useful technique for monitoring changes in protein levels. In this work, we subjected
arsenic-stressed rice leaves to an SDS PAGE. We found that proteins are down-regulated in arsenic
stress (Figures 1-3). A significant change in the banding pattern was seen under arsenic stress, which
restricts protein synthesis and inhibits plant growth due to their phytotoxicity (Wang et al., 2021).
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Arsenic may disconnect the P flow and interfere with ATP-dependent functions as well as energy
flow. This decrease in protein synthesis, inhibition of enzyme activity, drop in phosphorus content,
arsenic accumulation, changed protein folding, and damaged protein structure all contribute to a
decrease in the rate of protein synthesis in plants (Maluin et al. 2021). However, because Rubisco
subunits are destroyed in plants under arsenic stress, the severe down-regulation was noticed (Ashraf
et al., 2021). RT-PCR was utilised to evaluate the rice arsenic sensitive transcriptional factor (MYB)
under various treatments. However, it has been shown that under arsenic stress, other expression
patterns exist. Results showed that iron oxide NPs downregulated the expression of the gene whereas
arsenic treatment upregulated it. The current results support earlier suggestions that rice damage
from arsenic could be mitigated (Bidi et al., 2021).

The WRKY gene family is a plant-specific transcription factor (TF) that is important for a number
of abiotic stress response pathways, including those in response to heat, salinity, alkali, and UV
radiation. WRKY family members have a range of control mechanisms. In a nutshell, the WRKY
protein can activate or inhibit downstream target gene transcription when combined with W-box
regions (Gu et al., 2020). The proper signalling is started and sent to the cell interior when a plant
perceives stress. Reactive oxygen species (ROS) and calcium ions are exchanged during signal
transduction in the majority of cells. Then, to regulate the actions of related TFs, MPKs and other
protein kinases are activated. The plant reacts under stress as a result. Abiotic stresses can quickly
differentially express several WRKY TFs, improving signal transmission and regulating the
expression of related genes. Over time, it has been shown that WRKY TFs participate in complex
regulatory networks and mechanisms connected to external abiotic stressors as well as plant growth
and development (Priyanka et al. 2021). The arsenic responsive WRKY transcriptional factor's
expression profile was examined after being exposed to arsenic and iron oxide nanoparticles (Figure
4). The genes belonging to WRKY are up-regulated in response to arsenic stress. The results showed
that plants under arsenic stress upregulate the expression of the WRKY gene while plants treated
with iron oxide NPs downregulate the expression of the WRKY transcriptional factor. Iron oxide NPs
reduce arsenic translocation in plants and the amount of arsenic in rice roots, both of which reduce
the expression of arsenic responsive genes (Delrue et al. 2021)

Signal transmission, nutrition shortage adaptation, abiotic stress tolerance, metabolic regulation,
plant-pathogen interactions, and other biological processes in plants are all known to depend on a
family of ubiquitous regulators known as 14-3-3 proteins. In this study, the impact of As stress on the
rice plant's (Oryza sativa) 14-3-3 gene expression profile was investigated. Multiple lines of evidence
suggest that the 14-3-3 proteins of higher plants bind to various transcription factors and signalling
molecules. According to past studies, 14-3-3 proteins are involved in how plants react to
environmental challenges such salt, oxidative stress, pathogen attack, and food shortage. Heavy
metals, in particular metalloid As, have a negative impact on plant growth because of their interaction
with sulfhydryl groups, disruption of membranes, interference with ionic equilibrium, and induction
of oxidative stress. Maintaining ion homeostasis depends on the regulation of plant plasma
membrane H+ ATPase by 14-3-3 protein binding. The pH and voltage gradient that H+ATPases
produce across the plasma membrane is what drives secondary ion and nutrient transport into and
out of the cells (Ahmad et al., 2020). In rice plant cells, the OsGF14 gene's expression profile was
discernible after diverse treatments. However, it was noted that different OsGF14 gene expression
patterns were observed under arsenic stress conditions. It has been demonstrated that iron oxide
nanoparticles and arsenic treatment have opposite effects on the OsGF14 gene's regulation. The
current results showed that iron oxide NPs enhanced plant development, increased plant resistance
to arsenic, and changed the expression of the OsGF14 gene (Maluin et al. 2021).

5. Conclusions

The recent study showed how iron oxide nanoparticle concentrations at lower levels regulate
the remediation mechanism at the proteome and molecular levels. The application of iron oxide
nanoparticles to the plant protein profile in this study's SDS PAGE analysis showed promising
results. Arsenic and iron oxide nanoparticle therapy to increase the expression of plant proteins.
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Arsenic stress increases MYB, WRKY, and OsGF14 transcription factors, whereas iron oxide
nanoparticles reduce their expression. Because arsenic only partially reached the plants, expression
was decreased.
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