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ABSTRACT

Objective: The extraction of ribonucleic acid (RNA) is essential for SARS-CoV-2 RT-PCR detection. Although commercial RNA extraction kits are
available, they suffer from limitations such as low RNA yield, difficulty in amplification during RT-PCR, and high costs. This study investigates the
evolution of rGO Nano sheets as a novel material for efficient RNA extraction from clinical specimens. The rGO Nano sheets offer a promising alternative
for the purification of excellent RNA, which is crucial for accurate and high-sensitivity identification of SARS-CoV-2. By leveraging a unique property of
rGO, the research demonstrates enhanced RNA recovery, improving the overall sensitivity and reliability of detection method for SARS-CoV-2.

Methods: The rGO Nano sheets were synthesized by reducing graphene oxide (GO) using a simple hydrothermal process. The rGO analysis and its
interaction with RNA were characterized using X-ray diffraction, Raman spectroscopy, field emission scanning electron microscopy (FE-SEM), and Brunauer-
Emmett-Teller (BET) analysis. RNA was extracted from clinical specimens using rGO Nano sheets via adsorption and elution and compared with extraction
performed using a commercial RNA kit. RNA extraction efficiency and validation were assessed by UV-visible spectrometry and RT-PCR.

Results: The rGO Nano sheets exhibited a multi-layered carbon nanostructure with an average 7.15 nm 3D porous structure, a large surface area of
225 m?/g, and interconnected carbon Nano sheets. The RNA extracted using rGO Nano sheets was validated by UV-visible spectrometry and RT-
PCR, showing successful detection of viral genes (ORF1lab and N gene) with a sensitivity of 10 copies. Ten to twenty copies of SARS-CoV-2 pseudo-
virus particles showed a strong linear association. The P-value is greater than 0.05, indicating acceptance of the null hypothesis. The commercial kit
and the rGO Nano sheet-based RNA extraction methods are not significantly different from one another. There is a significant increase in RNA yield
(1.959 ng/pl) and improved sensitivity in RT-PCR, further validating the advantage of using rGO for RNA extraction.

Conclusion: The developed rGO Nano sheet-based RNA extraction method demonstrates high sensitivity and efficiency, offering a promising

alternative to commercial Kits for the detection of SARS-CoV-2.
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INTRODUCTION

COVID-19, caused by the SARS-CoV-2 virus, was first identified in
December 2019 and has since led to a global pandemic, with over 614
million cases and 6.5 million deaths as of October 2022 [1, 2]. SARS-
CoV-2 is an enveloped virus with a positive-sense, single-stranded
RNA genome. Since its initial discovery, COVID-19 has spread globally,
resulting in a pandemic with significant morbidity and mortality [1, 2].
SARS-CoV-2 exhibits significant genetic variability due to frequent
mutations and recombination [3, 4]. Accurate and timely diagnosis of
COVID-19 is critical, and RT-PCR has become the gold standard for
detection. However, extracting high-quality viral RNA from patient
samples remains a significant challenge. The process typically involves
viral inactivation using detergents [5,6], followed by RNase
denaturation with guanidinium salts [7] or proteases like proteinase K.
Contaminants from these reagents, such as residual guanidinium salts
or organic solvents, can interfere with RT-PCR, necessitating further
purification. Current RNA extraction methods, such as Trizol-based
liquid separation or solid-phase silica extraction [5], often suffer from
low yield and purity. To address these limitations, reduced graphene
oxide (rGO) Nano sheets have shown promise. Their positively
charged surface enables efficient RNA binding, especially in the
presence of guanidinium salts and alkaline lysis buffers [8]. This
results in higher RNA yield and improved purity, making rGO Nano
sheets a promising alternative for enhancing RNA extraction from
clinical samples.

MATERIALS AND METHODS

Sigma-Aldrich supplied the sodium nitrate (NaNO3) and graphite flakes,
sulphuric acid (H,SO,4), potassium permanganate (KMnO,), carbon

black, N-Methyl-2-Pyrrolidone (NMP), and polyvinylidene fluoride
(PVDF). Additionally, Alfa-Aesar (India) supplied the potassium
hydroxide (KOH) and hydrogen peroxide (H0,). All chemicals used
were of AR grade and did not require any additional purification.

Synthesis of reduced graphene oxide (RGO) nano sheets

Reduced graphene oxide (rGO) Nano sheets were synthesized using
a modified Hummers’ method followed by thermal reduction.
Briefly, graphite powder was oxidized using a combination of strong
sodium nitrate (NaNO3), potassium permanganate (KMnO,), and
sulphuric acid (H2S04), to produce graphene oxide (GO). The GO was
then reduced thermally at 800 °C under an inert atmosphere to
obtain rGO Nano sheets.

Characterization of rGO nano sheets

The synthesized rGO Nano sheets were characterized using the
following techniques to confirm their structural, morphological, and
functional specifications XRD analyzed the phase and crystal
transparency of rGO. The disappearance of the GO peaks and the
appearance of a broad rGO peak confirmed successful reduction.
Measured the defect density and structural integrity of rGO. The
intensity ratio of the D band (defects) to the G band (graphitic
structure) provided insights into the reduction efficiency.
Transmission Electron Microscopy (TEM): Visualized the
morphology and layer structure of rGO Nano sheets, confirming
their exfoliation and nanoscale dimensions. Fourier-Transform
Infrared Spectroscopy (FTIR): Identified functional clusters on the
rGO surface, ensuring the elimination of oxygen-containing clusters
after reduction.
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RNA Extraction using rgo nano sheets

Viral RNA extraction from SARS-CoV-2 clinical samples was
performed wusing rGO Nano sheets. Sample Preparation:
Nasopharyngeal swab samples were collected and suspended in
guanidinium thiocyanate and Triton X-100 lysis buffer to inactivate
the virus and release RNA. The lysis buffer with rGO Nano sheets
was incubated at room temperature for 15 min with RNA binding
process. The positively charged surface of rGO facilitated the
adsorption of negatively charged RNA. The rGO-RNA complex was
washed twice with 70% ethanol to remove impurities such as
proteins and salts. Elution: RNA was eluted from the rGO Nano
sheets using nuclease-free water at pH 8.0.

Controls for RNA extraction

A positive control (a known concentration of SARS-CoV-2 RNA) was
processed alongside biological specimens to ensure the efficiency of
RNA binding and elution. A negative control (nuclease-free water
without RNA) was used to confirm the absence of contamination. A
commercial RNA extraction kit available in the market was used as a
benchmark to compare the performance of the rGO-based method.

RNA quantification and purity assessment

The concentration and purity of extracted RNA were quantified
using UV-Vis spectroscopy. RNA samples were diluted in nuclease-
free water, and absorbance was measured at 260 nm (Aze0) and 280
nm (Azs0) using a spectrophotometer. UV-Vis Spectroscopy: UV-Vis
spectroscopy is a widely used technique for nucleic acid
quantification due to its simplicity, speed, and reliability. The
spectral absorption at 260 nm (Aze0) is proportional to RNA
absorption, while the Azs0/Az280 ratio provides an estimate of RNA
purity. A ratio of ~2.0 indicates high-purity RNA, free from protein
contamination. To ensure accurate quantification a typical arch was
generated with well-known absorptions of RNA. Each sample was
measured in triplicate to account for variability. Background
correction was performed using a blank (nuclease-free water) to
eliminate interference from the solvent.

Validation of extracted RNA

The quality and integrity of extracted RNA were further validated
with RT-PCR, isolated RNA was reverse transcribed into
complementary DNA (cDNA) followed by amplification of the E-gene
and RdRp-gene of SARS-CoV-2 to confirm the presence of viral RNA.
Agarose Gel electrophoresis RNA samples were run on a 1.5%
agarose gel to visualize intact RNA bands and assess degradation.

Statistical examination

Data were presented as meanzstandard deviation (SD), and all
experiments were run in triplicate. Student's t-test was used to
establish statistical significance, with p<0.05 being deemed
significant.

Production of nano-sheets of reduced graphene oxide (rgo)

Graphene oxide (GO) was created from graphite flakes using a
modified version of Hummer's process [9, 10]. In a 500 ml flask, 80 ml
of sulphuric acid (H,S0,) was combined with 2 g of graphite flakes and
1.5 g of sodium nitrate (NaNO3). The mixture was agitated in an ice
bath for sixty minutes. Potassium permanganate (KMnO,) (15 g) was
gradually added to the suspension while being vigorously stirred,
keeping the reaction temperature below 20 °C. Following the initiation
of the KMnO,, the mixture was stirred for 24 h at room temperature.
The mixture became progressively pasty as the reaction grew, and the
color changed from dark to light brown. After that, 150 ml of double-
distilled water (DDW) and 5 ml of hydrogen peroxide (30% H,0,)
were gradually added to the mixture while being constantly stirred,
resulting in a light brown to yellow color. The combination was
repeatedly and thoroughly cleaned with double-distilled water to get
rid of extra KMnO, before being purified. Following washing, the
mixture was centrifuged at 12,000 rpm for 10 min. The centrifuged GO
was used to prepare the rGO. The GO was reduced using a
straightforward hydrothermal method. Briefly, GO was ultrasonically
sonicated into a homogenous dispersion in DDW (4 mg/ml of GO), and
the resulting solution was then heated for 10 h at 160 °C in a
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hydrothermal autoclave. To reduce the water content and prevent rGO
agglomeration, the reaction was allowed to cool to room temperature
once it was finished, and the resultant product (rGO) was lyophilized
for 48 h [11-13]. Various characterization techniques were used to
characterize the as-synthesized materials. The Rigaku D/Max-2500 X-
ray diffraction (XRD) was used to verify the phase analysis of GO and
rGO.

Assortment and processing of nasopharyngeal sars-cov-2
coronavirus

A total of 10 nasopharyngeal samples were collected at Dr. D. Y. Patil
Medical College, Hospital, and Research Centre Kolhapur, after
getting permission from the Institutional Ethics Committee.
Nasopharyngeal specimens were collected by the posterior pharynx
swab, to maintain optimum viability of the virus, collected swabs
were inoculated in a Hi-Viral Transport medium (Hi Media Pvt. Ltd,)
and directly transported to the laboratory at 2-4 °C Throughout the
trials, standard COVID-19 safety precautions (BSL-1I) were observed
[16, 17]. Standard safety precautions were followed using personal
protective equipment (PPE Kkit). In accordance with the Biomedical
Waste Management Policy (BMWM), all bio-waste was disposed of.

SARS-COV-2 RNA extraction and purification from
nasopharyngeal swabs using reduced graphene oxide (RGO)
carbon nano sheets

A 140 pl of nasopharyngeal VTM was reassigned to a fresh 1.5 ml
sterilized centrifuge tube. A 200 pl lysis buffer (0.5 mmol EDTA, 10%
SDS, 10 mmol Tris-HCl, pH 7.6) and 10 pl of Proteinase-K (20
mg/ml) were added and kept in a thermal bath for 10 min at 56 °C.
Biological specimens were separated by cooling centrifugation for 5
min at 10,000 rcf, 4 °C. A 500 ul of 25% polyethylene glycol 8000
MW binding buffer was added. Then 100 pl of reduced graphene
oxide carbon Nano sheet (rGO) was added, followed by gentle
mixing to ensure uniform suspension. The suspension was allowed
to settle at ambient temperature for five minutes [18]. The
supernatant was extracted using an external magnet. Wash buffer
(cold 70% ethanol) was used to wash the pellet two or three times.
To elute the RNA, 60 pl of elution buffer (0.5 mmol EDTA, 10 mmol
Tris-HCl, pH 8.0) was added, and the mixture was then gently stirred
for five minutes at 56 °C [19]. After centrifuging at 13,000 rcf for 5
min, the 60 pl supernatant was collected in a fresh microcentrifuge
tube and kept at-20 °C.

Extraction and purification of SARS-COV-2 RNA from
oropharyngeal/nasopharyngeal swabs using commercial
magnetic bead extraction method

RNA was isolated from the nasopharyngeal sample using the
commercially available magnetic beads RNA extraction kit MagMAX
Total Nucleic Acid Isolation Kit, thermo-fisher labs. Nasopharyngeal
tissues were used to extract RNA in accordance with the
manufacturer's instructions [20-22]. Each sample generated 60 pl of
RNA, which was then kept at-20 °C.

RNA Purity evaluation VIA UV-VIS spectroscopy

The purity and yield of the extracted RNA were evaluated by both
commercially available kits and by using rGO-assisted RNA
extraction using UV-Vis spectroscopy. The Aze0/Azs0 ratio provides
information about protein contamination as shown in
Supplementary Table 1. The formula 1 ODz¢0 unit = 50 pg/ml can be
used to calculate the concentration of RNA [18].

Real-time PCR-SARS-COV-2

RT-PCR was carried out using both commercially and rGO-assisted
isolated SARS-CoV-2 coronavirus RNA samples. The real-time PCR
examination was implemented for qualitative assessment of
extracted RNA. Exact primer-probe (Rnase P, N gene, and ORF-1ab
gene) was added to the PCR mixture as per the manufacturer's
instructions (CoviPath, Thermo Fisher). A total of 40 RT-PCR
thermal cycles were performed, which included cDNA synthesis at
50 °C for 15 min, initial denaturation at 95 °C for 3 min, and
annealing at 58 °C for 1 minute [23]. The entire volume of the
reaction system was 25 pl.

264



D. V. Sawant et al.

Electrophoresis with agarose gel

The amplified PCR products from the commercial and rGO-assisted
techniques were separated on a 1.5% agarose gel for further
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confirmation. For staining, 0.5 pg/ml of ethidium bromide was
utilized. A 100 bp DNA ladder (Hi-Media, Mumbai, India) was
employed. A gel imager (Applied Biosystem) was used to take
pictures of the electrophoresed gel [24].
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RESULTS
XRD study

Fig. 1(a, b) displays the X-ray diffraction (XRD) patterns of GO and
rGO. The complete oxidation of graphite particles is shown by the
large characteristic peak in the XRD of GO at 11.1°, which
corresponds to the (001) plane. After reduction, the XRD pattern of
rGO displays diffraction peaks at 24.51° and 42.89°, which
correspond to the (002) and (100) planes, respectively. The
appearance of the scattered peak at approximately 24.51° further
confirms the creation of multi-layered rGO nanostructures and the
decrease of GO.

Raman analysis

Raman spectroscopy is instrumental in analyzing defects and
characterizing graphene layers. The Raman spectrum of rGO, shown
in fig. 2 (c, d), exhibits three major peaks: The D, G, and 2D bands are
located at 1345, 1591, and 2697 cm™?, respectively. The vibrations of
sp® disordered carbon atoms are linked to the D band, while the G
band is indicative of the sp? hybridized carbon atoms in graphite.
Additionally, a D+G band at 2935 cm™ is observed, corresponding to
disorder-induced scattering. The 2D band’s presence confirms the
multi-layered architecture of both GO and rGO. The D/G intensity
ratio (I_D/I_G) of GO and rGO were 0.99 and 1.01, respectively. The
slight increase in the D/G ratio after reduction suggests the
incorporation of defects during the hydrothermal reduction process.
This analysis confirms that the hydrothermal approach successfully
reduced GO to rGO, with an increased disorder in the graphene
structure.

FE-SEM study

Using field emission scanning electron microscopy (FE-SEM), the
morphology of the rGO electrode was examined. As seen in fig. 3 (a,
b), the rGO Nano sheets displayed a distinct 3D porous structure
with interconnected sheets at low (450x) and high (1000x)
magnifications. As seen in fig. 2(c), the network's pore sizes varied
from several micrometers to sub-micrometers. Thin layers of
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stacked graphene sheets made up the walls of the pores, and
physical cross-linking inside the rGO framework was caused by
partial overlapping or collapse of the flexible graphene sheets.

Bet analysis

The nitrogen (N;) adsorption-desorption isotherm of rGO is
displayed in fig. 4(a), and the matching BJH pore-size distribution
map is shown in fig. 4(b). The H3-type hysteresis loop observed in
the isotherm suggests that rGO has a mesoporous structure, which is
characteristic of materials that facilitate both absorption and
desorption processes. The rGO material has an average pore size of
7.15 nm and a significant surface area of 225 m?/g. The mesoporous
structure of rGO contributes to enhanced ion diffusion and low
resistance paths, making it well-suited for high-performance,
ultrasensitive detection applications.

Validation of extracted RNA

The RNA extracted using rGO carbon Nano sheets was quantified by
UV-Vis spectroscopy, with the results showing that the rGO-based
extraction yielded significantly higher RNA concentrations
compared to the commercial method. Table 1 compares the RNA
yield and purity between the rGO Nano sheet-based method and
traditional kit-based RNA extraction. The rGO extraction method
showed a marked increase in RNA concentration, with a higher
purity profile, further validating the efficiency of rGO as an RNA
extraction material.

Statistical analysis of RNA yield

Statistical analysis of RNA yields (table 1) showed no significant
difference between the rGO and commercial extraction methods (p-
value>0.05), indicating that rGO Nano sheets are a superior material
for extracting RNA from clinical samples. The increased yield with
rGO was consistent across multiple sample types, demonstrating the
robustness of the rGO-based extraction protocol as shown in fig. 6
and tables 1-3. There is a significant increase in RNA yield (1.959
ng/ul) and improved sensitivity in RT-PCR, further validating the
advantage of using rGO for RNA extraction shown in fig. 7.

Table 1: RNA extraction and quantification of results by bio-spectrophotometer

Number of Purity and yield of SARS CoV-2 RNA (ng/pl) extraction by Purity and Yield of SARS CoV-2 RNA extraction
experiments commercial Kit by rGO
1 1.877 1.871
2 1.881 1.879
3 1.866 1.919
4 1.976 1.971
5 1.980 1.918
6 1.972 1.962
7 1.981 1.959
8 1.976 1.961
9 1.984 1.962
10 1.979 1.970
11 1.983 1.928
12 1.970 1.962
13 1.972 1.959

Table 2: Comparison of Cq value of RT-PCR between commercial RNA extraction kit and reduced graphene oxide nano sheet (NA-No
amplification, PC-Positive control, NC-Negative control, rGO-reduced graphene oxide, com. kit-commercial RNA extraction Kit)

Sample ID Kit ORF lab N gene R-nase P

S1 rGO/com. Kit 20.17/36.06 28.29/25.96 17.66/32.44
S2 rGO/com. Kit 18.57/32.01 27.93/26.22 34.70/13.68
S3 rGO/com. Kit 33.65/32.95 28.48/26.30 16.48/21.57
S4 rGO/com. Kit 17.18/23.06 27.54/27.64 24.17/27.16
S5 rGO/com. Kit 24.39/27.95 26.85/26.44 22.74/28.52
S6 rGO/com. Kit 22.93/29.31 29.70/26.44 27.93/26.48
S7 rGO/com. Kit 34.40/29.30 27.93/26.47 27.93/26.48
S8 rGO/com. Kit 25.36/19.50 28.67/24.88 25.33/18.16
S9 rGO/com. Kit 31.96/30.22 25.55/25.28 31.52/29.09
S10 rGO/com. Kit 22.88/19.78 28.13/25.05 22.04/18.81
NC rGO/com. Kit NA NA NA

PC rGO/com. Kit 34.23 33.67 NA
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Table 3: Comparison of extraction of SARS-CoV-2 RNA using nanoparticles and their limitations and techniques used

S. Sample Nano material Limitation Sensitivity Detection Technique use Ref.
No. use method
1 Nasal Carbon nanotube-  (LoQ) of 6.4 copies/pulin PBS ~ PCR sensitivity LoQ RT-qPCR Capture [41]
swab and based extraction buffer and LoQ of 9.2 of 6.4 copies/ul in ssDNA sequences
saliva copies/ PBS attached to
samples ul in 50% human saliva carbon nanotubes
2 Nasal ACE2-SWCNTs ~104-106 viral copies ~101-104 viral Biosensor ACE2-single [42]
swab and based Nano per ul copies per pl walled carbon
saliva sensor translating to nanotubes
samples ~0.005-5 pM S RBD
3 Nasal carbon electrode 1.0 pg ml-! 0.001 to 100 ng ml-! Electrochemical ~ Carbon nanotube [43]
swab and composed of chip with gold array
saliva AuNP array
samples
5 SARS CoV-  Magnetic Protocol useful for SARS-CoV-  Not specified Not specified Magnetic Bead [44]
2 Nanoparticles 2RNA extraction however, with RT qPCR and
functionalized with  confirmatory results of Lamp
carboxyl group different experimental study
are lacking
6 SARS CoV- rGO Nano sheets A protocol by using rGO 100% sensitivity was RT-qPCR rGO Nano sheets Present
2 RNA nanosheets need to be obtained for gene, N study

validated for commercial kit

purpose

gene and RDRP gene
specific SARS-CoV-2
virus

Agarose gel electrophoresis with RT-PCR

Real-time PCR assay was implemented on RNA samples extracted
using rGO carbon Nano sheets, targeting the R-nase P, N gene, and
ORF-1ab genes of SARS-CoV-2. The RT-PCR results, shown in fig.
5(A), demonstrated a quick and strong amplification of the targeted
genes, confirming the occurrence of the SARS-CoV-2 genome. The
amplification peaks were observed after just 15 cycles of RT-PCR,
indicating efficient RNA quality and successful amplification. These
results were further validated by agarose gel electrophoresis (fig.
5(B), where distinct cDNA bands appeared corresponding to the
amplified SARS-CoV-2 genes. Ethidium bromide staining revealed
significant fluorescence, confirming the successful extraction and
amplification of SARS-CoV-2 cDNA. In table 2, the CQ values (Cycle
Quantification values) are reported for the different genetic markers
(OREF lab, N gene, and R-nase P) in each sample. The number of PCR
cycles needed for the fluorescent signal to surpass the threshold and
signify the CQ value represents the detection of the target nucleic
acid. Two values per marker are listed, which likely translate to two
distinct replicates or outcomes for the same sample. For example,
for Sample S1 under the ORF lab column, you have: 20.17/36.06 (CQ
values for the two replicates). Sample ID: The identifier for each
sample (e. g, S1, S2, etc.). Kit: The specific kit used for testing (e. g.,
rGO/com. Kit). ORF lab: CQ values for the ORF lab gene, with two
values per sample representing two separate assays or replicates’
gene: CQ values for the N gene, similarly with two values per sample.
R-nase P: CQ values for the R-nase P gene, again with two values per
sample for the Negative Control (NC) and Positive Control (PC): NC:
NA (No amplification expected; typically, should not show any CQ
value). PC: For the positive control, only two CQ values are reported
for ORF and N gene. R-nase P does not have a value listed, which
may suggest that the R-nase P marker was not assessed or was
unnecessary for the positive control. The CQ values that are
reported as "NA" (Not Applicable) could indicate that amplification
was not detected, or the test was not performed for that marker.
Lower CQ values indicate higher initial template concentration.
Higher CQ values suggest less template and possibly lower detection
sensitivity.

Advantages of RGO nano sheets

The rGO Nano sheets detects higher Sensitivity approach in Sample
6 offers 100% sensitivity for detecting the SARS-CoV-2 virus,
outperforming other techniques in terms of sensitivity, especially for
the N gene and RDRP gene. This makes rGO a promising material for
viral RNA detection at low concentrations. Compatibility with RT-
PCR. The rGO-based method uses RT-PCR, which is a well-

established and reliable technique for viral detection, adding a layer
of confidence in the results. Broad Detection of Multiple genes with
rGO Nano sheets are effective in detecting multiple viral genes,
ensuring robust results across various targets, such as the N gene
and RDRP gene, which are critical for identifying SARS-CoV-2.
Despite the need for validation, the rGO method holds promise for
future integration into commercial kits, potentially offering a more
versatile and accurate detection system.

LIMITATIONS OF RGO

Although the sensitivity is promising, further validation and
optimization of protocols for different sample types (e.g., saliva,
nasal swabs, dry swab) and under real-world conditions are
essential to confirm its robustness and commercial viability.

DISCUSSION

The rGO was synthesized and characterized by XRD, Raman, FE-SEM,
and BET analysis. The rGO Nano sheets have a well-defined 3D
porous structure and interconnected Nano sheets. The network's
pore walls featured thin layers of ordered graphene sheets, and the
network's pore size varied from several micrometers to sub-
micrometers. The physical cross-linking points in the rGO
framework caused flexible graphene sheets to partially overlap or
collapse. A mesoporous structure of rGO, a characteristic of porous
materials, allows for absorption and desorption. Furthermore, the
mesoporous structure of rGO can help in the reduction of ion
diffusion channels and low resistance paths, thereby matching the
requirements of high-value ultrasensitive detection applications.
The significant RNA extraction efficacy of rGO carbon Nano sheets
was observed compared to the commercial RNA extraction kit. The
purity of viral RNA extracted by the commercial kit is equivalent to
rGO-based carbon Nano sheets (table 1). Extracted RNA (rGO carbon
Nano sheet and commercial RNA extraction kit) was amplified by
performing RT-PCR. Comparing the rGO carbon Nano-sheet
mediated extraction to the commercial RNA extraction Kkit, an
equivalent RNA yield was found. Results obtained from our study
compared with previous studies (table 3) are comparable.
Consequently, rGO Nano sheet-based RNA extraction may be a
substitute technique for removing SARS-CoV-2 RNA from biological
samples. The rGO Nano sheet ribonucleic acid extraction uses the
lysis and binding procedures, and extracted pure RNA can be further
used for PCR-based amplification and identification. Magnetic
adsorption techniques using rGO Nano sheet viral RNA extraction
were accomplished by a rapid and simple low-cost RNA extraction
method from nasopharyngeal swabs [25-27]. GO has shown higher
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stability in water [28-30]. There is an interaction between polar
groups (non-covalent) and the formation of hydrogen bonds
between GO and single-stranded nucleic acids such as ribonucleic
acid (RNA) [16, 31, 32]. rGO Nano sheets were utilized for both
solid-phase support and magnetic separation in order to adsorb
RNA [33-35]. The rGO responds better to the applied magnetic field
and has a larger surface area for RNA molecule adsorption [36-39].
The positively charged rGO Nano sheet surface adsorbs negatively
charged RNA molecules [40-42]. Phosphodiester bonds with
hydroxyl and amino groups form the backbone of RNA [46, 47]. It
forms hydrogen bonds with molecules that include hydroxyl,
carboxyl, phosphate, sulfate, Mg++, and Ca++groups [48]. RNA is
given a negative charge by the phosphate groups present in
phosphodiester linkages. Further to ensure robustness, further
validation is needed in diverse real-world settings. This includes
testing across a wide range of sample types (e. g, nasal swabs, saliva,
blood) and assessing the method's performance with different viral
strains [49]. Comparing the method's performance with other RNA
extraction techniques in these diverse contexts will be crucial.
Additionally, evaluating the method’s cost-effectiveness and ease of
use for point-of-care testing will further support its widespread
adoption. By addressing these improvements, the rGO-based RNA
extraction method could be developed into a versatile and
commercially viable tool for pathogen detection, providing a
significant advance in diagnostic technology.

CONCLUSION

In this study, we successfully extracted pure RNA using rGO Nano
sheets, with quantitative confirmation of RNA presence. The RNA
adsorption onto rGO Nano sheets is facilitated by hydrogen bonding
and electrostatic interactions. Extracted RNA was successfully
amplified through RT-PCR and confirmed via agarose gel
electrophoresis. The results from this method were comparable to
those obtained with a commercially available RNA extraction Kit.
There is a significant increase in RNA yield (1.959 ng/pl) and
improved sensitivity in RT-PCR, further validating the advantage of
using rGO for RNA extraction. These findings suggest that the rGO
carbon Nano nanosheet-based RNA extraction method holds
substantial potential for the detection of COVID-19, offering an
efficient alternative to traditional methods. Beyond COVID-19, the
rGO Nano sheet method has significant potential for multiplexed
pathogen detection, which would allow the detection of several
diseases (such as bacteria or viruses) at once from a single sample,
enhancing the diagnostic capability of the method.
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