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Background: A new coronavirus was identified in Jeddah, Saudi Arabia in 2012 and designated as Middle
East Respiratory Syndrome Coronavirus (MERS-CoV). To date, this virus has been reported in 27 coun-
tries. The virus transmission to humans has already been reported from camels. Currently, there is no
vaccine or antiviral therapy available against this virus.
Methods: The siRNAs were in silico predicted, designed, and chemically synthesized by using the MERS-
CoV-orf1ab region as a target. The antiviral activity was experimentally evaluated by delivering the
siRNAs with LipofectamineTM 2000 and JetPRIMER as transfection reagents in both Vero cell and HEK-
293-T cell lines at two different concentrations (10.0 nM and 5.0 nM). The Ct value of quantitative
Real-Time PCR (qRT-PCR) was used to calculate and determine the reduction of viral RNA level in both
cell supernatant and cell lysate isolated from both cell lines.
Results: The sequence alignment resulted in the selection of highly conserved regions. The orf1ab region
was used to predict and design the siRNAs and a total of twenty-one siRNAs were finally selected from
four hundred and twenty-six siRNAs generated by online software. Inhibition of viral replication and sig-
nificant reduction of viral RNA was observed against selected siRNAs in both cell lines at both concentra-
tions. Based on the Ct value, the siRNAs # 11, 12, 18, and 20 were observed to be the best performing in
both cell lines at both concentrations.
Conclusion: Based on the results and data analysis, it is concluded that the use of two different transfec-
tion reagents was significantly effective. But the LipofectamineTM 2000 was found to be a better transfec-
tion reagent than the JetPRIMER for the delivery of siRNAs in both cell lines.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Coronaviruses are well-known for respiratory illness in both
humans and animals. A novel Coronavirus, known as Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) was identified in
2012 from a hospitalized patient from Jeddah, Saudi Arabia. This
is the sixth human pathogenic coronavirus that had significant
genomic sequence similarity with SARS-CoV to cause disease in
humans and animals. The infected patient developed severe pneu-
monia symptoms followed by death after 11 days of hospitaliza-
tion (Zaki et al. 2012). The infected persons develop variable
symptoms like shortness of breath, fever, and in severe cases, mul-
tiorgan failure (Assiri et al. 2013; Yin and Wunderink 2018). Cur-
rently, this virus has spread to 27 countries with 2591 confirmed
cases and 894 deaths, and a mortality rate up to greater than 35 %
including WHO; (last Accessed on 10.9.2022; https://www.emro.
who.int/health-topics/mers-cov/mers-outbreaks.html) and became
a global threat to the human population (Chafekar and Fielding
2018; WHO 2022; Zaki et al. 2012). The dromedary camels are
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known as the main source of virus spread and their role in infec-
tion to humans have been reported (Azhar et al. 2014; Lee and
Wong 2015; Memish et al. 2014; Oboho et al. 2015). However,
camel workers are also known as an intermediary source of the
virus spread to humans. The source of infection remains uncertain
as some of the infected patients had no history of close contact
with camel (Alshukairi et al. 2018). The MERS-CoV belongs to the
family Coronaviridae and the genome of coronaviruses is single-
stranded positive sense RNA with an approximately 25–32 kb gen-
ome size. The virus has been divided into Alpha, Beta, Gamma, and
Delta coronaviruses groups and MERS-CoV belongs to the lineage -
C Betacoronavirus (bCoVs). As it has been reported that coron-
aviruses have a very high rate of mutation, recombination, and
sequence diversity which favors the new virus strain and isolates
emergence with novel features and characteristics (Al-Omari
et al. 2019).

Currently, no vaccines or antiviral therapy is available for
MERS-CoV but many therapeutic compounds and vaccines are
under various stages of an investigation, and few have reached
an advanced stage with promising results. The role of RNA interfer-
ence (RNAi) has shown significant antiviral activity against many
viruses as well as other pathogens and diseases by using short
interfering RNAs (siRNAs) and micro-RNA (miRNAs). Long noncod-
ing RNAs (lncRNAs) against cancers (Mahmoodi et al. 2019; Hattab
et al. 2021), bacterial infections (Menanteau-Ledouble et al. 2020)
fungal infections (Bruch et al., 2022; Wang et al. 2022), parasitic
infections (Somarathne et al. 2018; Portet 2021), viral infections
(Levanova et al. 2018). Several potential RNA interference-based
(RNAi) drugs have been recently reported (Setten et al.2019). Addi-
tionally, the clustered regularly interspaced short palindromic
repeats (CRISPR-Cas) system was identified in 2005 as an adaptive
immune system against viral and plasmid infections and currently
it has been divided into two classes, class 1 and class 2 (Escalona-
Noguero et al. 2021). The details and effective use of CRISPR have
been recently proposed as a potential therapeutic tool for the treat-
ment of viral diseases (Baddeley et al., 2021; Kong et al. 2021; Lin
et al. 2021; Najafi et al.2022).

The genome-wide molecular screening and bioinformatics
approaches have provided a platform to predict, design, and filter
the potential siRNAs, shRNA, and miRNAs against various diseases
(Levanova and Poranen 2018; Setten et al. 2019). Many siRNAs and
miRNAs have been designed in silico and evaluated experimentally
in more than 20 clinical trials against viral diseases like HIV, Flock
house virus (FHV), DENV, HBV, HCV, HPV, Influenza, SARS-CoV,
SARS-CoV-2, & MERS-CoV and shown promising results (Fakhr
et al. 2016; Hasan et al. 2014; Huang et al. 2017; Idrees and
Ashfaq 2013; Kumar et al. 2013; Liu et al. 2017; Nur et al. 2015;
Shahid et al. 2017; Sohrab et al. 2021; Sohrab, Aly El-Kafrawy,
et al. 2020a, 2020b; Sohrab et al. 2018; Taning et al. 2018; Tsai
et al. 2018; Wang et al. 2016; Zeng et al. 2017; Zhang and Lu
2020). As per the status and information, we designed this study
to conduct the in-silico prediction, designing, and experimental
evaluation of potential siRNAs at 5 and 10 nM concentrations by
using two different transfection reagents in Vero and HEK-293-T
cell lines.
2. Materials and methods

2.1. Sequence retrieval and analysis

The MERS-CoV (Human/Camels) genome was retrieved from
NCBI-PubMed. The analysis of the genome sequence was per-
formed by using the online software BioEdit (Version 7.2). The
multiple sequence alignment was done using ClustalW. As it has
been reported that the orf1ab region plays an important role in
2

virus replication. Based on the multiple sequence alignment and
homology, the orf1ab region was selected as the target for siRNAs
design.

2.2. Designing, filtration, and chemical synthesis of siRNAs

The multiple sequence alignment homology provided the selec-
tion of orf1ab as a target for the prediction, designing, and filtration
of probable potential siRNAs. We have used an online integrated
bioinformatics approach for the prediction, designing, and filtra-
tion of potential siRNAs as per the guidelines for the strict criteria
of selection and filtration (ElHefnawi et al. 2016; Fakhr et al. 2016;
Hasan et al. 2014; Naito and Ui-Tei 2012; Nur et al. 2015; Sohrab
et al. 2021; Sohrab, Aly El-Kafrawy, et al. 2020a, 2020b; Sohrab
et al. 2018). By applying the criteria for selection, we have filtered
only twenty-one siRNAs for their in-vitro evaluation study. Inte-
grated DNA Technologies (IDT-USA) was used for the chemical syn-
thesis of selected siRNAs.

2.3. Cytotoxicity assay

The cytotoxicity of designed and synthesized siRNAs was eval-
uated and determined in both cells by using the InvitrogenTM

CyQUANTTM MTT Cell Viability Assay following the manufacturer’s
instruction. The absorbance was measured at 570 nm using a Spec-
traMax i3x imaging cytometer and the mean OD value was used for
cytotoxicity calculation using the standard formula.

2.4. Experimental evaluation of siRNAs against MERS-CoV

The experimental evaluation of chemically synthesized siRNA
was performed in triplicates at two different concentrations
(10.0 nM and 5.0 nM) in selected cell lines (Vero cells and HEK-
293-T cells) by using two different transfection reagents. The
transfection reagents were selected based on their transfection
efficiency. The first one was LipofectamineTM 2000 (ThermoFisher
Scientific, USA). According to its manufacturer, Lipofectamine
reagents have become the most referenced transfection reagents
since their launch in 1993. They are therefore considered the gold-
standard of transfection reagents and are used as a basis of com-
parison for efficiencies of other transfection methods.
LipofectamineTM 2000 is a versatile transfection reagent that has
been shown to effectively transfect the widest variety of adherent
and suspension cell lines. This is being used and works effectively
with common cell lines and many challenging ones. The second
one was JetPRIMER ((Polyplus, France), which is a non-liposomal,
polymer-based transfection reagent. This is cost-effective and is
widely used for many siRNA and DNA delivery in many cell lines
with better cell viability and higher transfection efficiency. The
virus replication inhibition and reduction of viral RNA were deter-
mined by the Ct value of qRT-PCR with proper negative and posi-
tive control.

2.5. Delivery of siRNAs by Lipofectamine 2000 and Jet prime and virus
inoculation

The siRNAs were delivered through reverse transfection method
by using LipofectamineTM 2000 and JetPRIMER transfection reagent
into grown Vero and HEK-293-T cells (60–80 % confluency (1x104)
at various concentrations (10.0 nM and 5.0 nM). Briefly, 50 lM siR-
NAs stocks were diluted to various concentrations (10.0 and
5.0 nM) in 100 ll Opti-MEM medium by adding LipofectamineTM

2000 as well as JetPRIMER following incubation at Room tempera-
ture for 30 min. The siRNA-lipid complex (1 ll) was added to the
grown cells at various siRNA concentrations (10.0 nM-5.0 nM)
and mixed gently and incubated at 37 �C for 72 h. The transfected



Fig. 1. Multiple sequence alignmnet of MERS-CoV-orf1ab gene from Human and camels isolates.
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cells were grown for 24 h at 37 �C and then MERS-CoV at 0.01 MOI
was used for inoculation following the published protocol from our
lab (Azhar et al. 2014) and cells were incubated for 1 h. The siRNA-
transfected and virus-inoculated cells were replenished with fresh
DMEM and further grown for seventy-two hours. All the experi-
ments were performed in triplicates with proper negative and pos-
itive control. The virus-infected cells were treated as a positive
control, while the non-infected cells were treated as a negative
control. The cytopathic effect (CPE) in both cells was observed daily
3

for 72 hrs. and after full CPE, the cells were harvested, and the viral
RNA was purified from both cell lysate and supernatant using the
commercial QIAmp Viral RNA Mini Kit (Qiagen, USA) as per kit
instructions.

2.6. Confirmation of virus inhibition by quantitative-Real-Time PCR

The antiviral potency of siRNAs and inhibition of virus replica-
tion and reduction of viral RNA level was determined by
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quantitative-Real-Time PCR (qRT-PCR) using the MERS-CoV pri-
mers as described earlier (Azhar et al. 2014). The Ct value of
qRT-PCR was used to analyze the inhibitory effect of each siRNAs
in Vero and HEK-293-T in cell supernatant as well as cell lysate
at selected concentrations (10.0 nM-5.0 nM).
3. Results

3.1. Sequence analysis

The multiple sequence alignment results of the MERS-CoV full
genome showed significant similarities at various locations. Based
on the role of orf1ab in the virus replication process and high
sequence homology, we selected this region as a target for in silico
prediction, designing, and filtration of potential siRNAs. Fig. 1
shows the sequence similarity with the MERS-CoV-orf1ab region
of human and camel isolates.
3.2. In silico prediction and chemical synthesis of siRNAs

The software generated a total of four hundred and sixty-two
siRNAs from the or1ab gene of MERS-CoV, but we have selected
only twenty-one siRNAs based on their strict criteria for selection
Table 1
List of siRNAs from MERS-CoV orf1ab gene (KF958702).

S.N. Target sequence

1 AGCAATCTATTTTTACTATTAAT

2 ATGGATAATGCTATTAATGTTGG

3 GCGACTTTATGTCTACAATTATT

4 GACACTTTAGATGATATCTTACA

5 ATGCTATTAGTTTGAGTTTTAAT

6 TGCTATTAGTTTGAGTTTTAATA

7 GAGCTAGTTTGCGTCAAATTTTT

8 CTCTAATATCTTTGTTATTAACA

9 CTCTTAGAAACTCTTTAACTAAT

10 TGGTTTGATTTTGTTGAAAATCC

11 ACGCAAATTGCGTTAATTGTACT

12 TGGTATCTAAAGGTTTCTTTAAG

13 GTCTTGTATTCGGCTTATACAAG

14 TCCTTCTATAGTTGAATTTAATA

15 GTCTACAATAATAAATTGTTAGC

16 AACAACATTAACAGATTTAATGT

17 CTCTACAATTAGGATTTTCAACT

18 TTGTATAAGAAAGTCAATAATGA

19 CTCAACTATTCATAACTATTTTA

20 TGCCAATATGCGTGTTATACATT

21 GGGTACTATTAAAGAAAATATAG

4

and filtration with no off-target, and no match with human mRNA
sequences (Fakhr et al. 2016; Naito and Ui-Tei 2012; Sohrab, Aly
El-Kafrawy, et al. 2020a, 2020b; Sohrab et al. 2018). The selected
siRNAs were chemically synthesized by Integrated DNA Technolo-
gies (IDT), USA, and used for experimental evaluation in selected
cells. The predicted siRNAs were expected to be highly specific
and potent against the orf1ab gene of MERS-CoV. The predicted
siRNAs have been listed in Table 1.

3.3. Cytotoxicity Assay

The cytotoxicity of selected siRNAs in both cells was deter-
mined by using both LipofectamineTM 2000 and JetPRIMER transfec-
tion reagent. Based on the results obtained in this study, no
cytotoxicity was observed for any siRNAs in both cells at tested
concentrations.

3.4. Experimental evaluation of siRNAs against MERS-CoV

The in-vitro evaluation of siRNAs was performed by using Lipo-
fectamineTM 2000 and JetPRIMER as transfection reagents to Vero
and HEK-293 cell lines. The inhibition of virus replication and the
reduction of viral RNA were determined by the Ct value of qRT-
PCR performed by using the cell supernatant and lysate for all
Predicted RNA oligo sequences
(50?30)

UAAUAGUAAAAAUAGAUUGCU
CAAUCUAUUUUUACUAUUAAU
AACAUUAAUAGCAUUAUCCAU
GGAUAAUGCUAUUAAUGUUGG
UAAUUGUAGACAUAAAGUCGC
GACUUUAUGUCUACAAUUAUU
UAAGAUAUCAUCUAAAGUGUC
CACUUUAGAUGAUAUCUUACA
UAAAACUCAAACUAAUAGCAU
GCUAUUAGUUUGAGUUUUAAU
UUAAAACUCAAACUAAUAGCA
CUAUUAGUUUGAGUUUUAAUA
AAAUUUGACGCAAACUAGCUC
GCUAGUUUGCGUCAAAUUUUU
UUAAUAACAAAGAUAUUAGAG
CUAAUAUCUUUGUUAUUAACA
UAGUUAAAGAGUUUCUAAGAG
CUUAGAAACUCUUUAACUAAU
AUUUUCAACAAAAUCAAACCA
GUUUGAUUUUGUUGAAAAUCC
UACAAUUAACGCAAUUUGCGU
GCAAAUUGCGUUAAUUGUACU
UAAAGAAACCUUUAGAUACCA
GUAUCUAAAGGUUUCUUUAAG
UGUAUAAGCCGAAUACAAGAC
CUUGUAUUCGGCUUAUACAAG
UUAAAUUCAACUAUAGAAGGA
CUUCUAUAGUUGAAUUUAAUA
UAACAAUUUAUUAUUGUAGAC
CUACAAUAAUAAAUUGUUAGC
AUUAAAUCUGUUAAUGUUGUU
CAACAUUAACAGAUUUAAUGU
UUGAAAAUCCUAAUUGUAGAG
CUACAAUUAGGAUUUUCAACU
AUUAUUGACUUUCUUAUACAA
GUAUAAGAAAGUCAAUAAUGA
AAAUAGUUAUGAAUAGUUGAG
CAACUAUUCAUAACUAUUUUA
UGUAUAACACGCAUAUUGGCA
CCAAUAUGCGUGUUAUACAUU
AUAUUUUCUUUAAUAGUACCC
GUACUAUUAAAGAAAAUAUAG
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selected siRNAs. The better inhibition of virus replication and
reduction of viral RNA level in cell supernatant as well as lysate
was observed in Vero cells by LipofectamineTM 2000 at both concen-
trations (10.0 nM and 5.0 nM) of siRNAs tested than the JetPRIMER

transfection reagent.
By using the JetPRIMER as a transfection reagent, the Ct value of

qRT-PCR was observed to be variable in both cells. The Ct value has
been presented in Table 2 and Fig. 2. The inhibition of MERS-CoV
replication was observed to be comparable with the dose-
dependent in Vero cells as well as HEK-293-T cells at both concen-
trations of siRNAs. In Vero cells supernatant, the highest Ct value of
qRT-PCR was observed with siRNAs#12 (22.98/22.70 (at 10.0 nM
/5.0 nM)) followed by siRNA#18 (19.96/20.99) and siRNA#20
(17.22/17.35). The Ct value in cell lysate also varied significantly
as compared to the control group. The highest Ct value was
observed in siRNA#11 (22.93/22.66) followed by siRNA#20
(22.91/22.65) and siRNA#18 (21.73/22.55). Interestingly, the Ct
value of most of the siRNAs was significantly better in cell lysate
Table 2
The Ct value of qRT-PCR of siRNAs delivered by JetPRIMER transfection reagent.

siRNAs combinations Vero cells

(Cell Supernatant)
(nM)

(Cell Lysate)
(nM)

10.0 5.0 10.0

siRNA1 16.00 16.95 15.81
siRNA 2 16.57 16.95 15.95
siRNA3 14.54 14.81 15.21
siRNA4 16.61 16.84 16.49
siRNA5 16.09 16.75 16.11
siRNA6 15.21 14.12 16.64
siRNA7 15.97 16.78 15.35
siRNA8 17.46 17.95 15.94
siRNA9 17.89 17.91 16.23
siRNA10 17.51 17.96 16.95
siRNA11 17.53 19.67 22.93
siRNA 12 22.98 22.70 20.21
siRNA 13 14.22 14.59 20.64
siRNA14 15.29 19.86 20.55
siRNA15 15.00 14.10 22.85
siRNA16 15.05 16.45 21.8
siRNA17 15.67 15.11 22.46
siRNA18 19.96 20.99 21.73
siRNA19 16.21 16.53 21.66
siRNA20 17.22 17.35 22.91
siRNA 21 15.49 16.97 20.06
Positive Control 15.99 16.95 15.81
Negative Control 80.90 80.78 80.75

Fig. 2. Graphical representation of Ct value of qRT-PCR of siRNA
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than the cell supernatant at both concentrations as well as the
higher Ct value was observed at 5.0 nM, which indicates that the
lower concentration is more effective than the higher concentra-
tion of siRNAs tested (Table 2).

In HEK-293-T cells transfected with Jet prime transfection
reagent, the Ct value of qRT-PCR for each siRNAs was variable in
cell supernatant as well as cell lysate at both concentrations. In cell
supernatant, the highest Ct value was observed with siRNA#19
(39.61/ 39.68 (at 10.0 nM /5.0 nM)) followed by siRNA#7
(35.94/36.85) and siRNA#21 (35.82/36.71). The cell lysate showed
the variable Ct value for all the tested siRNAs. The highest Ct value
was observed with siRNA#12 (37.60/37.78) followed by siRNA#18
(37.34/37.99), siRNA#13 (36.82/36.48), and siRNA#19
(36.73/36.87) at both concentrations (Table 2).

In the case of LipofectamineTM 2000 as a transfection reagent, the
qRT-PCR results were variable in both Vero and HEK-293-T cells.
The results of the Ct value for each siRNAs have been presented
in Table 3 and Fig. 3. The level of viral RNA was reduced as indi-
HEK-293-T cells

(Cell Supernatant)
(nM)

(Cell Lysate)
(nM)

5.0 10.0 5.0 10.0 5.0

15.75 34.49 33.31 36.50 36.13
15.71 34.14 34.24 35.85 35.99
15.35 34.93 33.89 35.48 36.59
15.98 33.25 33.76 33.87 35.53
15.98 33.75 33.99 34.32 33.74
16.28 33.79 33.80 34.78 35.75
15.87 35.94 36.85 35.97 34.76
15.79 34.65 33.84 35.89 35.23
16.87 34.46 34.14 34.96 34.11
16.90 33.85 33.10 35.47 35.21
22.66 35.93 35.71 35.32 35.61
21.13 35.78 35.97 37.60 37.78
20.06 34.74 35.63 36.82 36.48
21.45 34.86 36.61 35.72 35.76
21.43 34.55 36.06 35.27 36.50
20.82 33.76 35.91 35.84 36.48
21.49 33.08 35.67 34.19 35.81
22.55 35.88 35.81 37.34 37.99
21.80 39.61 39.68 36.73 36.87
22.65 35.64 35.97 35.97 35.70
21.90 35.82 36.71 34.87 34.61
15.75 33.32 33.12 34.72 33.24
80.71 90.10 90.15 90.18 90.16

s delivered by JetPRIMER in Vero cells and HEK-293-T cells.



Table 3
Ct value of qRT-PCR of siRNAs delivered by LipofectamineTM 2000 transfection reagent.

siRNAs combination Vero cells HEK-293-T cells

(Cell Supernatant)
(nM)

(Cell Lysate)
(nM)

(Cell Supernatant)
(nM)

(Cell Lysate)
(nM)

10.0 5.0 10.0 5.0 10.0 5.0 10.0 5.0

siRNA1 15.99 16.87 15.97 16.95 15.21 15.98 14.83 14.48
siRNA 2 16.57 16.98 16.31 15.95 14.65 14.21 14.56 14.31
siRNA3 14.54 14.38 15.21 15.81 15.41 15.12 14.99 14.38
siRNA4 16.31 16.89 16.26 16.84 15.82 15.71 14.75 14.50
siRNA5 15.99 16.95 15.90 16.75 14.43 14.94 15.52 15.21
siRNA6 15.21 14.99 15.10 14.12 14.65 14.98 15.13 15.98
siRNA7 15.97 16.98 16.17 16.78 15.56 16.21 15.78 15.67
siRNA8 17.46 16.93 17.50 17.95 16.12 15.78 14.91 14.99
siRNA9 17.89 16.98 17.71 17.91 16.34 15.89 14.75 14.91
siRNA10 17.51 17.81 17.23 17.96 15.75 15.67 14.21 14.97
siRNA11 17.53 16.41 19.06 19.67 19.89 19.86 19.63 18.98
siRNA 12 20.18 19.56 19.49 20.70 20.61 19.92 19.93 19.66
siRNA 13 14.22 15.67 15.12 14.59 15.78 16.83 16.50 16.49
siRNA14 15.29 16.65 15.06 15.86 15.37 16.87 14.52 15.29
siRNA15 15.10 15.89 16.04 14.10 15.03 15.30 16.22 15.93
siRNA16 15.05 15.06 15.30 15.45 14.47 14.62 14.49 14.63
siRNA17 15.67 15.82 15.42 15.11 15.99 14.89 16.30 15.71
siRNA18 19.96 19.62 18.44 20.19 19.41 19.75 17.25 17.96
siRNA19 16.21 15.10 15.01 15.53 16.59 15.03 17.24 16.22
siRNA20 16.22 18.34 17.83 17.33 15.76 15.20 15.03 15.06
siRNA 21 15.49 15.23 14.79 16.47 14.54 14.69 14.38 14.57
Positive Control 11.19 11.17 12.10 12.15 11.32 12.00 12.09 12.41
Negative Control 78.01 77.82 81.92 77.01 77.11 71.90 77.12 71.72

Fig. 3. Graphical representation of Ct value of qRT-PCR of siRNAs delivered by LipofectamineTM 2000 in Vero cells and HEK-293-T Cells.
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cated by the Ct value which indicates the inhibition of virus repli-
cation in both cells as compared to the control. The cell super-
natant isolated from Vero cells showed the high Ct value of
many siRNAs at both concentrations. The highest Ct value in cell
supernatant was observed to be 20.18 for siRNA#12 at 10.0 nM
and 19.56 at 5.0 nM followed by 19.96 and 19.62 for siRNA#18
and 17.89 and 16.98 for siRNA#9. While the Ct value was higher
(>15) for siRNAs#1, siRNAs#2, siRNAs#4–12, and siRNAs#14–21.
The cell lysate of Vero cells also showed a better Ct value as com-
pared to the positive control. The highest Ct value of siRNA#12 was
19.49/20.70 (at 10.0 nM /5.0 nM) followed by siRNA#18,
18.44/20.19, 17,83/17.33 for siRNA#20. The siRNA#8–10 showed
almost similar Ct values ranging from 17.23 to 17.96 at both
concentrations.

The HEK-293-T cells also showed the variations in Ct value of
many siRNAs in both cell supernatant and cell lysate. The highest
Ct value in cell supernatant was observed to be 20.61/19.92 (at
10.0 nM /5.0 nM) for siRNA#12 followed by 19.89/19.86 for
siRNA#11 and 19.41/19.65 for siRNA#18. A higher Ct value, �15
6

was observed in many siRNAs tested in cell supernatant. The cell
lysate also showed the variation in Ct value in many siRNAs at both
concentrations. The highest Ct value was 19.93/19.66 for siRNA#12
followed by 19.63/18.98 for siRNA#12 and 17.25/17.96 for
siRNA#18. Only 3 siRNAs that showed a higher Ct value of more
than 16 and the remaining were more than 14 Ct values as com-
pared to the positive control group. The significant variation of Ct
value was observed in many siRNAs at a lower concentration as
compared to positive control which indicates that the better inhi-
bition of virus replication resulted in the lower level of viral RNA in
both cell supernatant and cell lysate in both cells.

4. Discussion

The new virus was identified in 2012 from a hospitalized
patient in Jeddah, Saudi Arabia, and based on the novel characters,
properties, and sequence homology with another known coron-
avirus, it was finally designated as MERS-CoV. Since 2012, this
virus has been reported from 27 countries with over 2591 con-
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firmed cases and 894 deaths (last Accessed on 10.9.2022 https://
www.emro.who.int/health-topics/mers-cov/mers-outbreaks.html).
Due to the status of the virus spread and reports from various loca-
tions globally, with tremendous efforts, significant progress has
been made with valuable information published about the MERS-
CoV. But still, there is no USFDA-approved vaccine or antiviral ther-
apy available for MERS-CoV. Many vaccines and antiviral therapies
are under the various stage of investigation and some of them have
reached an advanced stage including oligonucleotide-based ther-
apy (siRNAs/miRNAs) based therapy (Folegatti et al. 2020;
Hashem et al. 2019; Li et al. 2020; Mubarak et al. 2019; Xu et al.
2019; Zhou et al. 2019). This RNAi-based approach has emerged
as an alternative therapy against many deadly diseases including
viral-mediated (Carneiro et al. 2015; Chakraborty et al. 2017;
Moon et al. 2016). The oligonucleotide-based therapy includes
the use of siRNA/miRNA/shRNAs and the ALNRSV01 was the first
siRNA that was documented for human use (Levanova and
Poranen 2018). In silico guided experimental evaluation against
MERS-CoV has been recently described with promising results
which identified the potential siRNAs (ElHefnawi et al. 2016;
Fakhr et al. 2016; Hasan et al. 2014; Nur et al. 2015; Sohrab
et al. 2021; Sohrab, Aly El-Kafrawy, et al. 2020a, 2020b; Sohrab
et al. 2018). Additionally, a similar strategy was used to identify,
design, and evaluate the siRNAs against the newly emerged
SARS-CoV-2, and some of them were found to be potentially effec-
tive (Sohrab et al. 2021).

Similar RNAi technology can be used to design, and filter by
integrated bioinformatics approach, and experimentally evaluated
against MERS-CoV. The replication of MERS-CoV is mediated by the
orf1ab gene and the attachment with the host cell is mediated by
Spike (S) protein gene. The inhibition of virus replication can be
inhibited in many alternative ways including the use of RNAi tech-
nology applying the use of siRNAs. The orf1ab region includes two-
thirds of the Coronavirus genome and encodes non-structural pro-
teins. Very few siRNAs have been designed by using in-silico soft-
ware but none of them have been evaluated in cell lines (Hasan
et al. 2014; Nur et al. 2015). A few studies have been conducted
on the in silico designing and experimental evaluation of siRNAs
against HCV and MERS-CoV and some siRNAs were observed to
be potentially effective and inhibited the virus replication resulting
in the reduction of viral RNA level in cell lysate and supernatant.
The reduction of viral RNA level was determined by the Ct value
of qRT-PCR (El Hefnawi et al. 2016; Sohrab et al. 2021; Sohrab,
Aly El-Kafrawy, et al. 2020a, 2020b).

In this study, we have discussed the in-silico prediction, design-
ing, and experimental evaluation of siRNAs against MERS-CoV
delivered by two different transfection reagents, namely, Lipofec-
tamineTM 2000 and JetPRIMER in Vero cells and HEK-293-T cell
lines. A total of four hundred and sixty-two siRNAs from the orf
1ab genome were generated by online software (Fakhr et al.
2016; Sohrab et al. 2018) but only twenty-one siRNAs were
selected and chemically synthesized and further used. The synthe-
sized siRNAs were delivered by LipofectamineTM 2000 and
JetPRIMER for the experimental evaluation of the reduction of viral
RNA by using the two different concentrations in both Vero cells
and HEK-293-T cell lines. The results obtained from this work pro-
vided a significant reduction of viral RNA as determined by the Ct
value of qRT-PCR performed by using both cell supernatant and
lysate of both Vero cells and HEK-293-T cells. The use of two differ-
ent transfection reagents for the delivery of siRNA in two different
cells was almost similar at both tested concentrations. But based
on the Ct value of each siRNAs as compared to the control group,
the LipofectamineTM 2000 was better as compared to JetPRIMER

and Vero cells were better than HEK-293-T cells for the in-vitro
evaluation of siRNAs against MERS-CoV. This variation could be
due to better growth and multiplication of viruses in Vero cells.
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During data analysis, we observed that some siRNAs (siRNA# 11,
12, 18 and, 20) delivered by either LipofectamineTM 2000 or
JetPRIMER showed the best Ct value and were common in both cell
supernatant and lysate collected from both cell lines at both con-
centrations of siRNAs.

The siRNA#9 and siRNA#12 were observed to be the best-
performing siRNAs at 10.0 nM and 5.0 nM concentrations in both
cell lysate and the supernatant collected from the Vero cells. While
siRNA# 12 and siRNA#19 were observed to be the best for HEK-
293-T cells delivered by JetPRIMER transfection reagent. Based on
the Ct value, the siRNAs (#18 and 20) were better performing siR-
NAs in Vero cell lines, while siRNA#13, and siRNA#16 were better
in HEK-293-T cells at both concentrations in both cell supernatant
and cell lysate. The siRNA#11,12,18, and 20 are the best perform-
ing siRNAs in both cell lines delivered by JetPRIMER transfection
reagent.

The data analysis of siRNAs delivered by LipofectamineTM 2000
as a transfection reagent, revealed that the siRNA# 8, 11, 12, 18,
and 20, were the best performing siRNAs at 10.0 nM and 5.0 nM
concentration as per their Ct value in both cell supernatant and cell
lysates collected from Vero cell lines while the siRNA# 8, 11, 12, 13,
15, 18 and 20 were best in HEK-293-T cell lines. The siRNAs # 8, 11,
12 18 and, 20 were common for both and the best-performing siR-
NAs in both cell lines at both concentrations and in cell super-
natant and cell lysate. The better performing siRNAs# 1, 2, 4, and
5 in the Vero cell line while siRNAs# 7, 19, and 20 were the better
performing siRNAs in HEK-293-T cell lines in both cell supernatant
and cell lysate at both 10.0 nM and 5.0 nM concentrations. Addi-
tionally, it was also observed that there were many siRNAs that
showed higher Ct values as compared to the positive control group
delivered by both LipofectamineTM 2000 and JetPRIMER transfection
reagent at both concentrations in both cell supernatant and cell
lysate isolated from both cell lines. The siRNAs#2,8,10, 11, 12 13,
14, 15,16,18 19 and, 20 were common and showed higher Ct values
than the positive control in both cell lines at both concentrations
(10.0 nM and 5.0 nM) delivered by Jet Prime while the siRNAs#
1,2,4,5, 8, 9, 10,11,12, 18 and 20 were showed higher Ct value than
positive control in Vero cells while, only siRNAs# 8,11, 12,13,15, 18
and 20 were with higher Ct value than the positive control group.
Based on the above findings, we observed that the many siRNA was
found to be potentially active to inhibit the replication/multiplica-
tion of the virus that indicated low RNA level in cell lines which
resulted in higher Ct value than the positive control at both con-
centrations of siRNAs in qRT-PCR analysis in both cell supernatant
and cell lysate isolated from Vero and HEK-293-T cell lines. How-
ever, better inhibition of virus replication was observed in Vero
cells as compared to HEK-293-T cell lines in both siRNAs’ transfec-
tion reagents tested.

The findings of this study are supported by other recent publi-
cations (El-Kafrawy et al. 2021; Sohrab et al. 2021; El-Kafrawy,
et al. 2020). In a study, it was observed that siRNA#1 and 4 were
found to be potentially effective to inhibit the MERS-CoV replica-
tion in Vero cells (Sohrab 2021; Aly El-Kafrawy, et al. 2020). While
in another study conducted on HEK-293 cells, the siRNAs# 1, 2, 4,
6, and 9 were found to be effective against MERS-CoV replication
inhibition at various concentrations, delivered by LipofectamineTM

2000 as transfection reagent (Sohrab et al. 2021). Additionally, in
another study conducted on the Huh-7 cells line, the siRNAs#
2,6,16 and 19 were the best-performing siRNAs at various concen-
trations tested in both cell supernatant and cell lysate (El-Kafrawy
et al. 2021). The data generated after the result analysis from this
work encouraged us to evaluate these siRNAs in multiple cell lines
against other coronaviruses. The evaluation of these siRNA alone or
in combinations will provide a clear understanding of the potential
use of siRNA as oligonucleotide-based antiviral therapeutics not
only against MERS-CoV but other coronaviruses. The limitation of

https://www.emro.who.int/health-topics/mers-cov/mers-outbreaks.html
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this study was that the evaluation of the siRNAs was conducted in
only selected cell lines because the MERS-CoV does not grow and
multiply in most other cell lines. This study requires a long time
of work in the BSL3 lab only. The findings of this study should be
further evaluated on mice and other human primates which is
lacking here in our facility.

5. Conclusion

The results and data analysis from this study provided a clear
observation that the use of two different transfection reagents sig-
nificantly affected the delivery of siRNAs in two different cell lines
which resulted in the reduction of viral RNA level as determined by
the Ct value of qRT-PCR. A better reduction of viral RNA was
observed in Vero cell lines than the HEK-293-T cell lines by Lipo-
fectamineTM 2000 as compared to JetPRIMER at both concentrations
of siRNAs.
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