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Abstract: The Middle East respiratory syndrome coronavirus (MERS-CoV) was first isolated from a
patient with acute pneumonia and renal failure in Saudi Arabia in 2012. By July 2023, MERS-CoV
had resulted in 2605 human cases worldwide, causing a fatality rate of 36%, with 90.2% of cases
being located in the Arabian Peninsula. The dromedary camel (Camelus dromedarius) is presumed
to be an intermediate host for viral transmission to humans. So far, no prophylactic vaccines or
effective antiviral treatments have been approved for MERS-CoV. RNA silencing is a novel approach
for treating several diseases. A web-based bioinformatics tool (i-Score Designer) with integrative com-
putational methods was used to predict and evaluate the designed siRNAs. This approach enabled
the targeting of a highly conserved region of the MERS-CoV membrane (M) gene to inhibit virus
replication. siRNA-M1, -M2, and -M3 were selected as the best of 559 designed siRNA candidates
for an in vitro validation based on 2nd generation algorithm scoring, thermodynamic properties,
off-target filtration, position-specific nucleotide preferences, and a free immune-stimulatory motifs.
siRNAs were evaluated in Vero cells for their cytotoxicity and antiviral efficacy in vitro. Our results
showed that the predicted siRNAs had no apparent cytotoxicity observed in Vero cells. The obtained
results from the plaque reduction assay and RT-qPCR indicated that siRNA-M3 was the best can-
didate to inhibit MERS-CoV replication with a defined concentration of 400 picoMolar (pM). The
computational methods used, and the in vitro evaluation, may provide an insight for a new antiviral
strategy against MERS-CoV, a further in vivo study will nevertheless be required.
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1. Introduction

MERS-CoV is a respiratory pathogen that emerged in June 2012 in Saudi Arabia in
the case of a 60-year-old man patient who died of acute pneumonia and renal failure [1].
Since 2012, approximately 2605 human laboratory-confirmed cases of MERS-CoV infection
have been reported in 27 countries, with 937 deaths, giving a case fatality rate of 36% [2].
MERS-CoV outbreaks were reported in the Arabian Peninsula, then circulated to more
than 27 countries [3]. Phylogenetic analyses of camel and human isolates of the MERS-CoV
genome showed that the viruses were highly identical [4,5]. Therefore, the single humped,
dromedary camel (Camelus dromedarius) is considered as the main reservoir and primary
source for virus transmission to humans [6,7]. MERS-CoV is an enveloped, single-strand
positive-sense RNA virus with a genome length of approximately 30 kb that contains
11 open reading frames [8]. All RNA viruses can evade innate immune responses through
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different strategies, mostly through the inhibition of type I interferon (IFN) production and
IFN-mediated responses through viral proteins encoded in their genomes [9]. An in vitro
study demonstrated that cyclosporin A inhibits MERS-CoV replication, and a treatment
strategy using IFN-α has proven to be a successful approach for strongly inhibiting MERS-
CoV replication 50–100 times more than SARS-CoV. This suggests that MERS-CoV expresses
antagonist IFN proteins that influence viral pathogenicity [10]. The accessory proteins are
strongly related to MERS-CoV pathogenicity as they interfere with host antiviral immune
response through blocking one or more key signalling proteins in the IFN and NF-κB
pathways, subsequently enhancing viral replication and pathogenesis [11–14].

Recently, two structural proteins, membrane (M) and nucleocapsid (N), have been
shown to play a vital role in viral evasion of the immune response by suppressing interferon
type-1 expression [15,16]. The MERS-CoV M protein acts as an interferon antagonist by
suppressing RIG-I-induced activation of IFN regulatory factor 3 (IFR3), consequently
inhibiting IFN expression [15]. Moreover, the M protein triggers apoptosis by activating
the protein kinase R-like endoplasmic reticulum kinase (PERK) signalling pathway [17].
Therefore, the MERS-CoV M protein was approached as a promising therapeutic antigen
for antibody production and other therapeutic strategies [18].

RNA interference (RNAi) is a specific post-transcriptional gene-silencing mechanism
that is mediated by the small interfering RNA (siRNA) regulatory system [19]. siRNA
silences gene expression by sequence-specific knockdown of the target mRNA using arg-
onaute family proteins [20]. siRNA is a short nucleotide sequence about 21 to 23 nts in
length, base paired with 2-nt 3′ overhangs for silencing gene expression of target mRNA.
The guide siRNA strand was loaded into the RISC, forming active inducing RNA silencing
complex [21,22]. Recently, three siRNA drugs (patisiran, givosiran, and lumasiran) were
FDA approved for treatment for inherited genetic diseases [23,24].

Through in vivo study, C6G25S succeeded as a prophylactic and treatment approach
by inhibiting the formation of infectious virion, consequently, the prevention of pulmonary
alveolar damage, vascular thrombi, and immune cell infiltrations [25]. MERS-CoV ORF1ab
expresses proteins for viral replication; therefore, it was selected as a promising target
gene for in silico design of siRNA and miRNA against MERS-CoV [26]. Inhibition of
viral replication has been observed in vitro and in vivo against multiple human viruses
using RNAi approaches, such as SARS-CoV-2 [27], SARS-CoV [28], influenza virus [29,30],
hepatitis C virus [31], human Papillomavirus [32], cytomegalovirus (CMV) [33], and other
coronaviruses in vitro [34].

Hence, siRNA is a promising antiviral approach, as it is FDA approved for other
diseases, has a low dosage, fewer side effects, is easily synthesized, is more specific and
effective than either prophylactic or therapeutic approaches [35,36]. In our study, three
siRNAs (siRNAs-M1, M2, and M3) designed against the highly conserved region of the
MERS-CoV M gene were selected based on the scoring of second-generation algorithms
of i-Score, S-biobredsi, and DSIR and other multistep filtrating approaches. The predicted
siRNAs were synthesized chemically, and their cytotoxicity was evaluated in Vero cell
lines. The siRNAs duplexes were validated for efficacy of replication inhibition against
MERS-CoV in vitro.

2. Materials and Methods
2.1. In Silico Prediction
2.1.1. Sequences Collection, Alignments, and Analysis

MERS-CoV M gene sequences from different hosts and geographic regions were
collected from the viral genome NCBI database (https://www.ncbi.nlm.nih.gov/genome/
viruses/, accessed on 5 March 2021). To identify highly conserved regions in the viral RNA,
M-gene sequence alignments were performed, then followed by conserved region analysis
using BioEdit software (Version 7.2) [37].

https://www.ncbi.nlm.nih.gov/genome/viruses/
https://www.ncbi.nlm.nih.gov/genome/viruses/
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2.1.2. Design, Prediction, and Selection of siRNA

The potent siRNAs were predicted, designed, and filtrated using web-based online
software called i-Score Designer, whose algorithm is based on a linear regression model [38].
In addition to the i-Score Designer score, it evaluates nine different siRNA designing
scores of first and second generation algorithms: Ui-Tei [39], Amarzguioui [40], Hsieh [41],
Takasaki [42], s-Biopredsi [43], Reynolds [44], Katoh [45], composition and thermodynam-
ics [46], DSIR [47], and calculates the ∆G value of the most stable secondary structure of
an siRNA strand, dinucleotide ∆G value at 5’ and 3’ ends, the ∆G value throughout the
siRNA stretch, the maximum length of GC stretches, and the GC% content [38]. As shown
in Figure 1, the filtering process began with i-Score that based on the average threshold
scores of second-generation algorithms (s-Biopredsi‚ i-Score‚ DSIR), and other significant
thermodynamic parameters [48].
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2.1.3. siRNAs Thermodynamic Properties

The i-Score software analysis is important in thermodynamics features such as the
whole ∆G value, terminal dinucleotide thermodynamics, siRNA free energy, maximum
length of GC stretch, and GC% content [38]. The final selection of the best candidate was
based on two significant thermodynamic parameters, the whole ∆G value and GC% content.
The unstable thermodynamics of siRNA were determined by the whole ∆G value of the
siRNA secondary structure, desired to be≥−34 Kcal/Mole as the coloration coefficient was
proved to be more than 0.7 [38]. Then, the selection of the siRNA candidate was conducted
with a GC content of approximately 36–53% [39,40,44]. Differential end instability at the
5′terminal end of the anti-sense strand is another selective parameter for potent siRNA
candidates, as it affects the unwinding of the siRNA duplex, RISC-Complex formation,
and target recognition [39]. Moreover, the asymmetrical base pairing rule determines
the siRNA strand that acts as a guide strand and binds to the Ago protein of the RISC-
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complex, which has the highest affinity towards uridine (U) at 5′end of the antisense strand.
Hence, the guided strand is preferred to have A/U nucleotide at its 5′end in contrast to
passenger strand with G/C nucleotide at its 5′end [49]. In addition, low internal stability
(with low GC content) of the siRNA strand at the energy valley (position of ninth to the
fourteenth nucleotides) is the most desirable conformation of the RISC complex during
mRNA cleavage [50]. The emboss explorer was used to detect palindrome structures with
more than 4 nucleotides to prevent formation of the secondary structure, which effects
siRNA accessibility to target genes [51].

2.1.4. Removal of Off-Target siRNAs

This is because the short length of the siRNA duplex is supposed to have multiple
target transcripts, causing off-target gene silencing. Therefore, two filtration steps occur
towards the selected siRNAs duplex (sense and antisense) to eliminate any candidate with
near-complete and/or seed-matching off-target effects [52]. First, the selected siRNAs
duplex was blasted against the human NCBI reference mRNA sequence database using
the blastN tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 15 March 2021).
Second, the selected candidate from the first filtration was blasted against a non-coding
region of the mRNA present in the ensemble 3′UTR database (http://www.ensembl.
org/index.html, accessed on 15 March 2021), accessed on 15 March 2021. The blastN
parameters used were for a short input sequence as siRNA and identifying short matches
in the database are illustrated in Table 1 [53,54]. The successful candidate was with no
complete or seed-matching homologus with mRNA. Many mRNA will have matching
with the designed siRNA duplex but are not expressed in the targeted cell line, having
no effect on the selection [52]. Some specific sequences must be excluded during siRNA
design (5′UGUGU3′, 5′GUCCUUCAA3′, and tetrad Guanine), which provoke the immune
response by binding to the toll-like receptor. In addition, the cytotoxic motif 5′UGGC3′

should be avoided in the siRNA sequence. A short siRNA length is preferred over the
longest one as the later stimulates the innate immunity response [52,55].

Table 1. Parameter setup used for siRNA blastN analysis.

Parameter Value Setup Used

Word size 7
Expect threshold 1000
Match/Mismatch score 1, −1
Gap costs 5, 2
Maximum target sequence 100
Program selection Somewhat similar sequences (blastN)

2.1.5. Final Selection and Chemical Synthesis

The selection for potential siRNAs was based on the guidelines and basic rules of
filtration as described in the previously mentioned integrated bioinformatics methods,
which are summarized in Figure 1. The selected siRNAs were chemically synthesized
by the Eurofins company (Luxembourg) and used for further cytotoxicity and in vitro
validation study.

2.2. In Vitro Evaluation
2.2.1. Cells and Virus

Vero cells (African Green Monkey Kidney cells, ATCC CCL-81) were grown in T-75
tissue culture flasks in Dulbecco’s modified Eagle’s medium (DMEM) containing a 10%
foetal bovine serum (FBS) and 2% penicillin-streptomycin (pen/strep) mixture (Invitrogen,
CA, USA). The cells were incubated for 24 h until confluency at 37 ◦C in a 5% CO2 incubator
for in vitro assays. The MERS-CoV (Dromedary/Egypt-NRCE-HKU270/2013), under
accession number KJ477103, was inoculated in Vero cells maintained in DMEM media
containing 2% FBS and 1% pen/strep at 37 ◦C in a 5% CO2 incubator. Culture supernatant

https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
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samples were harvested and stored at −80 ◦C until the determining of viral titres using a
plaque assay.

2.2.2. Cytotoxicity Evaluation of siRNAs

Vero cells were used for in vitro evaluation of siRNA against MERS-CoV. Each
lyophilized siRNA duplex was dissolved in a 5x universal SiMAX siRNA buffer to generate
a storage stock at 100 pM/µL according to instructions from the product manual. Briefly,
in a 96-well plate, 4 µL (400 pM) of each siRNA was bi-fold serially diluted quadruplicate
in 110 µL of DMEM media containing 2% FBS and 1% pen/strep (Invitrogen, CA, USA). A
total of 100 µL of each dilution were dispensed individually in 4-well plates and incubated
for 72 h at 37 ◦C in a 5% CO2 incubator. The untreated Vero cells were used as control
cells. The cells’ supernatants were discarded after 3 days followed by adding 20 µL of MTT
reagent (5 mg/mL) in darkness, then the plates were incubated for 3 h at 37 ◦C in a 5%
CO2 incubator. During the incubation period, insoluble formazan crystals were formed,
which were solubilized by 180 µL of 10% DMSO in ddH2O. The absorbance of formazan
solutions was measured at λmax 540 nm with 620 nm as a reference wavelength using a
multi-well plate spectrophotometer. The obtained results were used to plot a graph of the
cell-viability percentage against a log siRNAs concentration followed by determination of
the half maximal cytotoxic concentration (CC50).

2.2.3. siRNA Transfection

The three siRNAs were transfected separately in triplicate into 6-well plates with
a transfection dose of 400 pM for each, using transfecting agent Lipofectamine™ 3000
(Invitrogen, CA, USA). Briefly, the 400 pM siRNAs concentration was diluted in 50 µL
Opti-MEM reduced serum medium (Thermo, MA, USA). A total of 10 µL of Lipofectamine
reagent in 50 µL opti-MEM was incubated at room temperate for 5 min, followed by mixing
an equal volume of each siRNA and Lipofectamine reagent, this was then incubated for
15 min at room temperature. Vero cells were maintained in 900 µL of free Opti-MEM media
then the transfection mixtures were added in individual wells of a 6-well plate. Media were
discarded after 6h of incubation at 37 ◦C in a 5% CO2 humidified incubator, then the cells
were ready for the next viral infection step. This experiment was repeated separately in
triplicate for each siRNA (M1, M2, and M3).

2.2.4. Evaluation of MERS-CoV Replication Inhibition in Transfected Vero Cells

The virus inoculation was performed post-transfection into the transfected Vero cell
lines. Briefly, the siRNA-transfected Vero cells were infected with MERS-CoV (Dromedary/
Egypt-NRCE-HKU270/2013) at a multiplicity of infection (MOI) of 0.005 for a 1 h incubation.
The inoculum was discarded. Afterwards, DMEM media containing 2% FBS and 1%
pen/strep were added and incubated for 48 h at 37 ◦C in a 5% CO2 humidified incubator.
A total of 200 µL of the cell supernatants were collected in triplicate at 12, 24 and 48 h
post-infection (h p.i.) for each siRNA (M1, M2, M3). The samples were stored at −80 ◦C
until used for viral quantification by plaque assay followed by purification of viral RNA
and RT-qPCR of viral upE-gene [56,57]. The untreated control was Vero cells infected with
MERS-CoV.

2.2.5. Plaque Assay for Viral Titer Determination

A plaque assay was performed to determine the viral titer after cell treatment by
siRNAs. Briefly, the collected supernatant samples at 12, 24, and 48 h p.i. were diluted
in 10-fold dilution from 1:10−1 to 1:10−8 in DMEM media containing 2% FBS and 1%
Pen/Strep. Afterwards, 100 µL of each dilution was inoculated into three individual wells
of 12-well tissue culture plates with a confluent Vero cells monolayer maintained in 200 µL
infection media and incubated at 37 ◦C for 1 h in a humidified incubator with 5% CO2.
The inoculum was removed gently from the infected monolayer cells after 1 h then the
monolayer cells were overlaid with 1×MEM media containing 1% agar and 1% Pen/Strep.
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The plates were left to solidify and incubated at 37 ◦C in humidified incubator with 5%
CO2 for 72 h upside down until the formation of viral plaques were visible. The cells were
fixed with 3.4% formaldehyde solution for 1 h at RT. The plaque formed was visualized
by staining cells with 1% crystal violet solution (in 20% methanol) for 30 min at RT then
washed with water. Then, the following equation was used to calculate the viral titre
reduction percentage [57].

% of plaque reduction =
virus control plaques count− sample plaques count

virus control plaques count
× 100

2.2.6. Total RNA Extraction and Real-Time PCR

The cell supernatants of time post-infection (24 h and 48 h) for the treated and the
untreated cells with siRNAs were isolated for viral RNA extraction using a KingFisher™
Flex Magnetic Particle Processor with a 96 Deep-Well Head according to the manufac-
turer’s instructions (Thermo, MA, USA). The purified RNA was further used for a real-time
quantitative polymerase chain reaction (RT-qPCR) targeting upstream MERS-CoV E-gene
using an Eppendorf Real-Time PCR System and a verso one-Step RT-PCR Kit (Thermo, MA,
USA) [56]. Briefly, a total 25 µL of PCR reaction containing 5 µL of RNA, 12.5 µL of 2× re-
action buffer, 0.25 µL of enzyme mixture from the kit, 1.25 µL of enhancer, 3.5 µL ddH2O,
1 µL of 10 µM concentrations of each upE forward primer (GCAACGCGCGATTCAGTT),
reverse primer (GCCTCTACACGGGACCCATA), and 0.5 µL of 10 µM concentration of
an upE probe (FAM-CTCTTCACATAATCGCCCCGAGCTCG-TAMRA). Thermal cycling
involved 50 ◦C for 15 min, followed by 95 ◦C for 15 min, and then 45 cycles of 95 ◦C for
15 s and 60 ◦C for 60 s. Plasmid containing partial E fragment was used as a standard
to calculate the viral load (copies/µL). All the experimental methods are summarized in
Figure 2.
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3. Results
3.1. In Silico Scoring, Prediction, and Selection of Potent siRNAs

The collected sequences from the NCBI Database were used as a platform for siRNA
design against the MERS-CoV M-gene. After performing multiple sequence alignment for
the nucleotide coding sequences of the (M) gene, followed by conserved regions analysis
using BIOEDIT software, our results showed that the m-gene had five conserved regions
among all the collected isolates as shown in the alignment Figure 3. The i-Score Designer
was used for designing and scoring of potential siRNAs. The five conserved regions
of the M-gene were used as an input for the i-Score which generated about 559 siRNA
candidates against these conserved regions. In Table 2, out of the 559 siRNAs, three
siRNA (M1, M2, M3) candidates were selected based on their second-generation algorithm
score, thermodynamic properties, off-target filtration, base preference, and other guideline
rules. The integrative computational methods proposed that the three siRNAs may induce
silencing effects on the MERS-CoV M-gene.
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Targeted
Conserved Re-
gions/(siRNA

Name)

Pos. in the
Genome

Sense Strand
(5′→3′)
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(5′→3′)

Whole ∆G GC % DSIR i-SCORE s-Biopredsi

2 (M1) 206 to 359
GAUAAU-
CUCUGG-

CAUUGUA

UACAAU-
GCCAGA-

GAUUAUCug
−34.3 6.8 95.2 73.8 0.869

3 (M2) 368 to 437
UAACUG-
CUGUUG-

UAACCAA

UUGGUU-
ACAACA-

GCAGUUAca
−34.3 36.8 83.6 63.6 0.757

4 (M3) 439 to 464
AAAAUG-
GCUGGC-

AUGCAUU

AAUGCA-
UGCCAG-

CCAUUUUga
−36.3 42.1 68.1 52.3 0.631
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Figure 4 illustrates the output of each filtration step. From a total 494 MERS-CoV
M-gene sequences, five conserved regions were analysed by the i-SCORE database. After-
wards, 28 siRNA were selected using 2nd generation algorithms. As a final output, three
potent siRNAs (M1, M2, and M3) were selected. These three siRNAs were checked for
cytotoxicity and in vitro antiviral screening against MERS-CoV in Vero cells.
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3.2. Cytotoxicity and Transfection

The cytotoxic effect of selected siRNAs on the Vero cells’ viability percentage is shown
in Figure 5. The results indicated that there was no significant cytotoxicity on Vero cells
as the half maximal cytotoxic concentration (CC50) for siRNA-M1 = 804.6 picomolar (pM),
siRNA-M2 = 549.9 pM, and siRNA-M3 = 903.5 pM. The Vero cells were transfected with
the three siRNAs with a safe concentration below the CC50 concentration = 400 pM. All the
experiments were performed in triplicate for each siRNA and analysed using GraphPad
prism software.
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3.3. Evaluation of MERS-CoV Replication Inhibition by Plaque Assay

A plaque assay was performed to determine the titer of infectious virus after treatment
with the three siRNAs. The cell supernatants of treated and untreated cells by siRNAs
were inoculated at different concentrations (serially 10-fold diluted) for 1h. Figure 6 and
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Table 3 show the viral titres for each sample taken at different time points post-infection and
the reduction percentage for different siRNAs on MERS-CoV replication were calculated.
The results showed that the inhibition of viral replication was variable among the three
siRNAs. The siRNA-M3 showed a significant reduction in viral titre at 24 and 48 h post-
infection (h p.i.) with a reduction percentage of 83.6% and 91%, respectively, in comparison
with untreated control cells. Over time the siRNA-M2 had an insignificant effect on viral
replication. At 48 h p.i., siRNA-M1 had a considerably significant reduction in viral titre by
80.5% inhibition, compared with the untreated control. We can conclude that siRNA-M1
and siRNA-M3 have a significant reduction percent of MERS-CoV inhibition after 48 h p.i.
as shown in Table 3.
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Figure 6. Graphical representation for viral titres (log10PFU/mL) after siRNA (M1, M2, and M3)
treatment with a concentration of 400 pM at different time points post-infection with MERS-CoV. Vero
cells were transfected with siRNAs (M1, M2, M3). Afterwards, Vero cells infected with MERS-CoV
(MOI = 0.005) at 24 h post-transfection, then cells supernatants were collected in-triplicate at 12, 24 and
48 h post-infection (h p.i.) for each siRNA. The significant differences are indicated (** = p < 0.01, and
non-significant = ns).

Table 3. Viral titer reduction percentage at different times after treatment with the three siRNAs in
Vero cells.

Time Post
Infection (h)

Viral Titer Reduction
of M1 (%)

Viral Titer Reduction
of M2 (%)

Viral Titer Reduction
of M3 (%)

12 20 20 70
24 39.45 −76.87 83.67 *
48 80.58 * −1488.23 91.17 *

* Refers to the fact that if the viral reduction inhibition percentage was more than 75%, there was a significant effect.

3.4. Evaluation of MERS-CoV Replication by RT-qPCR

This result of the RT-qPCR was a confirmatory assay for the plaque reduction results
after treating cells with different siRNAs. The cell culture supernatant of treated and
untreated cells with siRNAs were collected at 24 and 48 h p.i. in triplicate. Viral RNA
was extracted from cells supernatants followed by RT-qPCR analysis targeting the MERS-
CoV up-stream E-gene (upE). In Figure 7, there was a highly significant reduction in the
RNA copy number of viral samples taken after 48 h p.i. of treated cells by siRNA-M3, in
comparison with the untreated virus-infected cells. siRNA-M1 and M2 showed insignificant
reductions in the RNA copy number, compared with the untreated control after 24 and
48 h p.i.
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Figure 7. A graphical representation for the RNA copy number of collected samples after 24 and 48 h
post-infection with MERS-CoV in Vero cells treated with a concentration 400 pM of the three siRNAs
(M1, M2, and M3). Vero cells were transfected with siRNAs (M1, M2, M3). Afterwards, Vero cells
were infected with MERS-CoV (MOI = 0.005) at 24 h post-transfection, then the cells supernatants
were collected in triplicate at 24 and 48 h p.i. for each siRNA. The significant differences are indicated
(*** = p < 0.001 and non-significant = ns).

4. Discussion

The first identified case of MERS-CoV was in Saudi Arabia in 2012, resulting in death
with multi-organ failure and acute pneumonia [1]. In the meantime, MERS-CoV became a
public health concern as 27 different countries have reported human infections with a case
fatality rate of 36% [2]. The single-humped, dromedary camel has been identified as the
intermediate host for MERS-CoV human transmission [7,58,59]. The phylogenetic analysis
of human and camel MERS-CoV isolates estimated that the virus genome is divided into
three major clades, known as clades A, B, and C [60].

Several hypothesis demonstrated the potential risk of camel-to-human MERS-CoV
transmission through airborne contact with infected dromedary camels [6], saliva, nasal
secretions during slaughtering, involvement in camel training, and milking camels [61], us-
ing unpasteurized camel milk, raw meat, viscera, and/or medicinal use of camel urine [62].
Five species, the European hedgehog, two species of bats, the dromedary camel, and
humans have been reported with MERS-CoV infections [63].

Dipeptidyl peptidase 4 (DPP4) is the functional receptor for the receptor-binding S1
domain (RBD) of the MERS-CoV spike protein [64]. By alignment of DPP4 sequences of
various domestic mammalian species, it showed identically in the DPP4 residues among
different species. This indicates the sustainability of these species to MERS-CoV infection
from which infection can spill over to humans [60,65]. The seroprevalence of MERS-CoV
specific antibodies and viral detection of MERS-CoV in investigated camels and people
exposed to camels from different countries indicated the high risk of camel traders, abattoir
workers, and camel workers (regularly involved in the training or herding of camels,
cleaning farm equipment, and milking camels) to MERS-CoV infections [66–69].

Until now, no specific therapy against MERS-CoV infection has been available as
the infected cases receive a supportive treatment based on their clinical condition [70].
Repurposing old drugs against MERS-CoV may offer a survival advantage but not with
all cases [71]. Therefore, vaccines and new treatments against MERS-CoV infection were
highly needed. RNAi technology has recently been approved for treatment against several
diseases and pathogenic infections, though siRNAs were targeted their complementary
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mRNA degradation [72]. In our study, the integrative computational methods proposed
that the three siRNAs may induce a silencing effect on the MERS-CoV M gene, based on the
analysis parameters showed in Table 2. This is comparable to one of the effective studies
that showed that SARS-CoV-2 infection was suppressed by the mRNA of RdRp through
siRNA therapy [73].

Here, we evaluated the efficacy of designed siRNAs against the M gene of MERS-CoV
replication in Vero cells. Three siRNAs (siRNAs-M1, M2, and M3) out of 559 candidates
were selected as having the most promising anti-MERS-CoV activity. siRNAs-M1 and M3
showed a significant reduction in viral titres at 48 h p.i. compared with the untreated control
cells. The efficacy of siRNAs has been reported for the inhibition of other coronaviruses
in vitro [34]. The RNA level of siRNA-M1 showed no significant difference compared to the
control after 24 and 48 h p.i., as illustrated in Figure 7. That these results are not comparable
with viral titer reduction at the same time points in Figure 6, may be related to there being
a reduction in the infectious viral particles and there still being a transcribed viral RNA
found. The obtained results from our study confirmed a significant reduction in the RNA
copy number of siRNA-M3 after 48 h p.i in comparison with the untreated virus control.
These results were strengthened by a significant viral plaque reduction assay of siRNA-M3.

The accessory proteins (ORF3, ORF4a, ORF4b, ORF5 and ORF8b) and the two struc-
ture proteins M and N of MERS-CoV had been identified for their role in inhibiting the
IFN signalling pathway through inhibition of the activation of the IFN-β promoter, the
interferon stimulation response element (ISRE) promoter, and the transcription signalling
factors necessary for interferon type I induction [12,16,74]. Also, various types of siR-
NAs were evaluated against HCV 5-NTR, and it was found that the HCV321, HCV353,
HCV258 siRNAs were the best and most promising siRNAs for the inhibition of HCV
replication [48].

The importance of the MERS-CoV M protein in viral pathogenicity was agreed with
by studies by Lui et al. and Chu et al. [15,17] and used as a target for further therapeutic
and prophylactic strategies [18]. The latest research has predicted that the ORF1a gene
is a promising target site for siRNA predication, design and in vitro evaluation against
MERS-CoV [75,76]. Our results highlighted the need to evaluate siRNA-M3 individually
for its antiviral efficiency in animal models.

5. Conclusions

Therefore, our in silico prediction and filtration were essential steps before synthesis,
which was used as antiviral treatment without off-targeting effects and increment of
efficiency and specificity. Moreover, the in vitro evaluation of oligonucleotides by plaque
viral reduction assay showed there are two siRNAs (M1 and M3) that inhibited the MERS-
CoV replication after 48 h p.i. in Vero cells. The viral mRNA levels measured after
treatment with different siRNAs showed that siRNA-M3 is the best candidate to be used as
a therapeutic agent against MERS-CoV infection. Finally, viral diseases can be treated by
the potential siRNAs and evaluated to produce novel antiviral therapeutics.
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