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ABSTRACT

Coronaviruses such as SARS-CoV had caused high fatalness around the globe and have been a terror for public health, 
crafting a need for effective and active vaccines and drugs. Although this virus, coronavirus causing respiratory syn-
drome was controlled by non-vaccinated trials and measuresprimarily, still it persisted to be the leading threat for 
human health. Therefore thestrategy of optimal SAR-CoV drugs and vaccines is a priority, at present. Such drugs and 
vaccines represent key challenges: the immunity of coronavirus often diminishes quickly, entities craving to be sheltered 
include the elderly people, and vaccines may worsen rather than preventing coronavirus lung immunopathology. To 
address these issues, there is a need to promote the approach of prediction and then subjection. There is a necessity of 
that sort of drug or vaccine that could switch “ON” and “OFF” the metabolic pathways of an organism according to the 
requirement. Hence,the present study directs towards the prediction of novel drug targets that might aid in the treatment 
of Severe Acute Respiratory Syndrome and also  in the treatment of Bovine Respiratory Disease. Complex.
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INTRODUCTION

Severe acute respiratory syndrome-linked coronavirus 
(SARS-CoV) was acknowledged in the year 2003 when 

a sequence of deadly pneumonia cases emerged in Hong 
Kong (Drosten et al., 2003, Rota et al., 2003). SARS-CoV 
lung septicity has been characterized by a noticeable 
infl ammatory and provocative cell infi ltrate with severe 
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alveolar damage (Nicholls et al., 2003, Nieto-Torres et al., 
2014). Before the intensity of the disease was measured 
and controlled approximately eight thousand humans 
were clinically infected, with an inclusive case fatality rate 
of 10%, with mortality rate at 50%. This observation was 
emphasized on the population over the age of 65 years 
(Graham et al., 2013). It was also observed that after the 
salvage from coronavirus infections, previously infected 
entities may become susceptible to re-infection (Callow et 
al., 1990, Marra et al., 2003, Tang et al., 2011). In fact, 
those with declining immunity may be at high threat of 
even getting more severe effects upon the re-exposure of 
coronavirus (Nieto-Torres et al., 2014, Wang et al., 2014).

SARS-CoV is a positive-stranded RNA virus hav-
ing length 29.7 kb with 14 open reading frames (ORF) 
approximately (Marra et al., 2003, Nieto-Torres et al., 
2014). SARS-CoV grounds a respiratory ailment catego-
rized by acute lung injury (ALI), and acute respiratory dis-
tress syndrome (ARDS). These extreme conditions can be 
described by diffuse alveolar damage, hyaline membrane 
formation, pulmonary cellular infi ltration and edema 
accumulation, directing to hypoxemia and eventually to 
death (Ware and Matthay, 2000, Franks et al., 2003, Gral-
inski et al., 2013, Nieto-Torres et al., 2014, Honda-Okubo 
et al., 2015). SARS-CoV infection tempts migration of 
immune cells, such as neutrophils and macrophages to 
the lungs, initiating and amplifying the infl ammation and 
chronic response (Lee et al., 2003, Yen et al., 2006, Dar-
nell et al., 2007, Regla-Nava et al., 2015).

Another challenge for the inactivated SARS-CoV vac-
cine is the necessity forbiosafetylevel 3 (BSL3) amenities 
for the manufacture of vaccine. The very fi rst SARS-
CoV vaccine entrants were made from inactivated idled 
SARS-CoV. Inactivating the whole virus deprived of 
any adjuvant directed towards modest and unassertive 
protection, the only option to treat at the initial stage, 
was inducing low neutralizing-antibody titers and prior 
lung fl ushingthe perplexingferrets (Darnell et al., 2007, 
Honda-Okubo et al., 2015, Regla-Nava et al., 2015). 

In mice, the inactive whole virus vaccines without 
or with combination (alum adjuvant) provided frac-
tional protection, but this was accompanying the severe 
eosinophilic lung pathology (Bolles et al., 2011, Tseng 
et al., 2012, Honda-Okubo et al., 2015) similar to the 
pathology seen with SARS-CoV (Clay et al., 2012). To 
fi ght with these issues, a fruitful solution is the need of 
the hour so that a particular cure can be found out to 
fi ght the viral infections. These viral bodies contain un-
translated regions that could aid in the development of 
inhibitors and drugs that could have a promising com-
mercialization aspect. 

As far molecular level is considered, it is a well-
known fact thatwidespread study on RNA in contem-
porary times has stemmed into discovering a category 

of genetic regulatory element which is found in variety 
of organisms that too undergoing different folding and 
functional process leading to modifi cation of gene and 
alteration in its expression, these regulatory elements 
are termed as riboswitch like elements (RLE) (Pradhan 
P et al., 2015). These elements are present have been 
acknowledged in the genomes of plants, archaea and 
fungi and are highly structured elements positioned in 
the 5’ un-translated region (UTR) of messenger RNA in 
the organism. The most vital characteristic of riboswitch 
is their folding into complex structures i.e. three dimen-
sional structures (3D) to serve as a particular receptor for 
its target molecule that has its organization around the 
helical junctions along with the varying capacity and 
degrees of complexity. The aforementioned discussion 
has been used in bacterial metabolic pathways in the 
studies conducted (Mehta and Balaji, 2010).

This term “riboswitch” was coined by Dr. Ronald 
Breaker in the year 2002 when he reported that mRNA-
encoding enzymes involved in vitamin B1 and B12 biosyn-
thesis in E. coli could bind associated metabolites without 
the helper proteins being involved and they are RNA based 
components that can integrate ligand binding and gene 
regulation so as to dynamically respond to the molecular 
signals within cells (Winkler et al., 2002). These control 
several metabolic pathways counting the biosynthesis of 
vitamins and the breakdown of methionine, lysine and 
purines, comprising transcription cessation i.e. the termi-
nation process and initiation of translation (Eddy, 2001).A 
complex network of diverse inter metabolic pathways 
allowsthe organisms to consume nutrients from their sur-
roundings to adapt to the environmental changes. Most 
of the well-characterized metabolic systems responding 
to external conditions are composed of proteins acting as 
sensors and/or regulators. However, variety of studies has 
shown that regulatory non-coding RNA structures in the 
untranslated region (UTR) play a crucial role in bacterial 
adaptive responses through sensing cellular metabolites 
(Bastet et al., 2011). 

These riboswitches act similar to the “ON” and “OFF” 
mechanism of a switch, which could regulate the metab-
olism of the organism in a desired manner. Riboswitches 
are structurally divided in two parts: 

i)     A sensor domain known as an aptamer which directly 
binds the small molecules and is evolutionary conserved 
domain in the UTR of an organism.

ii)    An expression platform thatgo throughits structural var-
iations in response to the alterations sensed in, by the 
aptamer (Mandal and Breaker, 2004).

Riboswitches have a particulararray of ligand bind-
ing and its aptamer act in a way that the production 
of the metabolite generally proteins, gets terminated by 
self-destruction. Equating the diversity of riboswitches, 
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taxonomically and regulatory molecular mechanisms it 
has triggered a focus that these switches represent the 
oldest regulatory systems (Blouin et al., 2009) among 
the organisms shown in fi gure 1.

Bacterial riboswitches devicevarious biological pro-
cesses at numerousgoverning levels, such as transcrip-
tion and translation (Waters and Storz, 2009). Collins et 
al., 2007 in their previous study had discussed that the 
glmS riboswitch perform its self-cleavage when bound to 
glucosamine 6-phosphate, commanding to rapid mRNA 
degradation (Collins et al., 2007). One of its own kind is 
a riboswitch that is a temperature-sensing riboswitch, 
known as thermo-sensor, which is subtle to the varia-
tion in temperature (Narberhaus et al., 2006). By and 
large, thermo-sensors block the translation at low tem-
perature by confi scating the Shine–Dalgarno sequence 
and initiation codon sequence into a stem-loop struc-
ture. When there is a subsequent rise in temperature, the 
riboswitch assembly is denatured and translation signals 
are directed toribosomes to permitthe ribosome binding 
and translation initiation. 

Thus, the folding of thermo-sensors is depend-
ent on the temperature gradient experienced by an 
organism(Nocker et al., 2001, Johansson et al., 2002, 
Narberhaus et al., 2006, Rinnenthal et al., 2010). As far 
as genomic criteria are concerned, two remarkable prop-
erties of riboswitches set them apart from the majority 
of the other regulatory systems. Most importantfeature 
is the range of organisms, in which riboswitch like ele-
ments have been found. Most diverse is the distribution 
of THI-riboswitch like elements that has been witnessed 
in eubacteria, archaea and eukaryotes. Subsequent fea-
ture is that riboswitch like elements regulate a number 

of different processes; the most characteristic situation is 
the standard attenuation mechanism (Vitreschak et al., 
2004).

EXPERIMENTAL ANALYSIS

For the fi rst time,riboswitch mechanism was decisive-
lyverifi ed in a natural metabolic system in the year 2002 
(Breaker, 2012). Ellington and Szostak stated an in vitro 
protocol that was dealing with the isolation of RNA 
aptamers which could bind to specifi c dyes, in 1990. The 
remarkable aspect about these studies is the creation of 
an RNA aptamer that did not necessitate a pre-existing 
RNA scaffold. Paralleled to most protein engineering 
energies, RNA aptamers can be madede novo by expos-
ingnumerous randomized oligonucleotides to an in vitro 
selection process acknowledged as Systematic Evolu-
tion of Ligands by EXponential enrichment (SELEX). It 
requires two alternating steps of partitioning and ampli-
fying the desired sequences of RNA aptamers, for its 
usage in the process.

KINETIC CONTROL OF RIBOSWITCHES

Riboswitches can reversibly switch back and forth 
between an ‘ON’ and ‘OFF’ state, depending upon the 
concentration of the ligand that triggered the active 
site. When the aptitude to repress or activate the gene 
expression is dictated by its characteristic affi nity for 
the ligand, a riboswitch like element is said to be ther-
modynamically regulated. In contrast, functional studies 
of a riboswitches have exposed that they entail a much 
higher ligand concentration to be activated, and in turn 
altering the level of gene expression of the organism. 
Evidently because riboswitches do not reach equilib-
rium with the ligand, the analogy is more like that of 
a fuse than a switch termed as “ribofuse” (Mehta and 
Balaji, 2010).In an in vitro study it has been discussed 
that riboswitch includes mRNA transcripts that can 
sense the concentration of metabolites over binding the 
target compound and then regulating the expression of 
the genes related with the metabolites responding to the 
concentration of metabolite [42]. Even though ample 
of riboswitch associated study has captivated on the 
signifi cant capacity of various aptamer domains so as 
to adopt the complex structures of biological metabo-
lites that are essential to bind with high affi nity and 
specifi city(Wickiser, 2009).

MATERIAL AND METHODS

The proposed framework for in silico prediction and 
identifi cation of riboswitches, their ligands and its 

FIGURE 1: Riboswitches and their sensing capa-
bilities (Barrick and Breaker, 2007, Regulski 
et al., 2008, Spinelli et al., 2008, Sudarsan et al., 
2008, Henkin, 2009, Nechooshtan et al., 2009)
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inhibitors are given below and also have been shown 
in fi gure 2.

1.  Identifi cation of riboswitch like gene sequence 
2.   Riboswitch like gene sequence similarity search-

between the desired organism’s nucleotide se-
quence and human nucleotide sequence (BLAST)

3.   Transcription (online) to corresponding Ribo-
switch like Element (RLE)

4.  3D and 2D Prediction of RLE structure 
5.  Molecular Docking- Blind Docking (BD)
6.   Molecular Docking- Focused Docking (FD) for the 

identifi cation of ligand binding sites
7.  Enhancement of docking results
8.    Virtual screening using NCI diversity set by Rac-

coon-AutoDock
9.   Assessment of physico-chemical characters of 

lead compounds
10.  Prediction of ADME, toxicity and hydrophobicity 

of lead compounds

METHODOLOGY

1. Identifi cation of riboswitch like gene sequence

The whole genome of Human coronavirus OC43 was 
acquired from the National Center for Biotechnology 
Information (NCBI) Gene Bank in FASTA format(Vijgen 
et al., 2005, Vijgen et al., 2015). The viral genome was 
searched for desired sequences present in its UTR by 
an online tool Riboswitch Explorer (RibEx) to iden-
tify the desired sequence termed as Riboswitch like 
sequences(Abreu-Goodger and Merino, 2005).

2. Riboswitch like gene sequence similarity search 
between the desired organism’s nucleotide sequence 
and human nucleotide sequence (BLAST)

BLAST utilized for the sequence similarity search. This 
tool let the user to know about the percentage of simi-
larity between sequences. Sequences having more than 
70-75% of the similarity are taken into account for fur-
ther analysis and experimentation(Altschul et al., 1990).

3. Transcription (online) to corresponding Riboswitch 
Like Element (RLE)

Gene sequencesacknowledged by tool RibEx are tran-
scripted to its parallel riboswitch by using the online 
“Transcription and Translation Tool” (Transcription and 
Translation Tool, 2015).

4. 3D and 2D Prediction of RLE structure 

Three dimensional(3D) structure of the RLE was antic-
ipated by using an online program RNA fold (2D) 
(Vienna, 2015)and RNA Composer (2D to 3D)(Popenda 
et al., 2012). RNA Composer system offered a new user-
friendly approach to fully automated prediction RNA 
3D structures. This method was based on the machine 
translation principle and operated on the RNA FRABASE 
database acting as the dictionary, relating the RNA 
secondary structure and tertiary structure elements of 
riboswitch present in the complete genome of H. coro-
navirus OC43.

5. Molecular Docking- Blind Docking (BD)

In the present study, AutoDock based BDwasconducted 
to explorean apt binding site present in the predicted 

FIGURE 2: Flow chart of framework
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riboswitch like element of Human coronavirus OC43. 
In modus operandi of blind docking(VLifeMDS, 2011)
whole structure of riboswitch is roofedunderneaththe 
virtual three dimensional grid box for the processing of 
docking. Coordinates of the grid box has been shown in 
Table 1. Altogetherthe computational studies were con-
ceded out by means of AutoDock version 4.2 installed 
on a single machine whose confi gurationis 2.80 GHz 
Intel core2 duo processor using 3 GB Random Access 
Memory (RAM) and 320 GB hard disk alongwith Win-
dows XP as an operating system.Docking software’s like 
“AutoDock”, “Autogrid” and “AutoDock version 4.2” 
were downloaded from the Scripps gateway. AutoDock 
software explored the entire surface of the 3D structure 
of riboswitch for binding of ligand in the cavities i.e. 
binding sites(Goodsell et al., 1996). 

Alanine(ALA)was utilized as the ligand in blind 
docking technique so as to identify the binding sites 
present in the predicted riboswitch, as it is considered 
as the neutral and simplest ligand out of all the amino 
acids as a substrate for riboswitch like sequence.Par-
ticular binding sites existing in/on the surface of the 
predicted riboswitch like structurewereacknowledged 
on the foundation of lowest binding energy (-5 to -15 
kcal/mol), so that the most stabilized structure can be 
retrieved. The particular binding site existing in/on the 
predicted riboswitch of H. coronavirus OC43 was used 
for the identifi cation of binding residues involved in the 
present study. The identifi ed binding residues present in 
the predicted riboswitchwere further utilized for the pro-
cedure of focused docking. 

6. Focused Docking (FD) for the identifi cation of ligand 
binding sites

Focused grid box casing ligand as well as binding resi-
dues involved in binding of ligand, wasarranged, pre-
cisely targeting specifi c ligand binding site for the recog-
nized riboswitch of Humancoronavirus OC43 (Goodsell 
et al., 1996, Vijgen et al., 2015). 

The X,Y and Z coordinates encompassing the data 
about the dimensionsof grid box in focused docking of 
anticipated Human coronavirus OC43 riboswitch has 
beentabularized in Table 2, these grid dimensions are 
further exploited for focused docking with different 
amino acids for the identifi cation of specifi c receptor/
substrate ligand interaction for the predicted riboswitch. 

7. Enhancement of docking results

Subsequently, identifying a suitable ligand for the pre-
dicted riboswitch of Human coronavirus OC43 by the 
molecular modeling technique i.e. focused docking was 
accomplished. Distinct docking of the identifi ed sub-
strate ligand with its corresponding riboswitch,was done 
for the riboswitch identifi ed in the genome of organism 
Humancoronavirus OC43 repetitively for a n-number of 
times for the improvement of the results(Goodsell et al., 
1996, Vijgen et al., 2015). 

8. Virtual screening using NCI diversity set by Rac-
coon-AutoDock

The identifi ed binding sites present in predicted struc-
ture of novel Human coronavirus OC43 riboswitchis 
exploited for the virtual screening viaNCI Diversity Set 
containing diversity of drug molecules (Bikádi et al., 
2006). Essential fi les for the process of virtual screening 
wereprimed by the online software Raccoon (Forli, 2010). 

Raccoon has been used as a graphical user inter-
face for AutoDock virtual screening. It can split multi-
ple molecule ligand library fi les, convert them into the 
AutoDock format (i.e. *.pdbqt), and fi lter them by using 
common criteria (e.g., Lipinski’s rule of fi ve, fragment-
like “rule of three” and drug-likeness). A validation 
check of the input fi les wasaccomplished at every step, 
which comprises a check for the presence of non-stand-
ard atom types and ensuring that parameters, input fi le 
names, and grid maps have a coherent format.

Molecular docking simulation constructed virtual 
screening of Human coronavirus OC43 riboswitch was 

Table 1: The coordinates of grid box for the Blind Docking (BD)

Target 
Protein

x-D y-D z-D Spacing (Á) x center y center z center

SEQ1 40 40 40 0.375 19.664 -4.443 -5.899

Table 2: The coordinates of grid box for the Focused Docking (FD)

Target 
Protein

x-D y-D z-D Spacing (Á) x center y center z center

SEQ1 40 40 40 0.375 19.664 -4.443 -5.899
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done using similar docking and grid parameters used in 
focused docking earlier. The coordinates of the grid box 
used in the virtual screening process of molecular librar-
ies downloaded from ZINC database(Irwin and Shoichet, 
2005) against the binding site of riboswitch (Human 
coronavirus OC43, SEQ1) has been tabulated in Table 3.

9. Assessment of physico-chemical characters of lead 
compounds

Using zinc database, the best fi ve marked off ligands 
for the riboswitch identifi ed were evaluated for signifi -
cant physicochemical properties such as xlog P, H-bond 
donors, H-bond acceptors, tPSA (Å²), molecular weight 
(g/mol), etc.

10. Prediction of ADME, toxicity and hydrophobicity 
of lead compounds

The top 5 lead molecules for Human coronavirus 
OC43 riboswitchweregauged using PreADMET online 
program(Kwang, 2005) for the check of toxicity and 
ADME properties (Hetényi and van der Spoel, 2002). This 
program device the presence of major toxicities such as 
mutagenicity, irritant effect, reproductive effects, etc. in 
the principle molecules on the basis of functional group 
present in their chemical conformation. PREADMET 
also calculates drug-likeness and drug score of principle 
molecules on the basis of their physico-chemical proper-
ties.Hydrophobicity of the lead molecules i.e. bio-molec-
ular complexes were detected with the aid of PLATINUM 
(Protein-Ligand ATtractions Investigation NUMerically) 
web-service. It estimates the hydrogen bonding inter-
actions among the bio-molecular complexes, stacking 
interactions and hydrophobic interactions as well. This 
feature of PLATINUM can be utilized to screen docking 
processes conducted by AutoDock, GOLD, etc. This pro-
gram generates 2D hydrophobicity maps for lipid bilay-
ers and helical peptides. This does not aid in the process 
of docking, it only retrieve 3 dimensional coordinates of 
the biological molecules (ligand and receptors) to com-

pute and envisage the hydrophobic/hydrophilic proper-
ties between them (Pyrkov et al., 2009).

RESULTS AND DISCUSSION

The stepwise results obtained are summarized and dis-
cussed below:

1. Exploration of the genome assembly for identifi ca-
tion of riboswitch like sequence:

The following sequence was identifi ed for transcription 
into riboswitch like elements present in the viral DNA 
of Human coronavirus OC43 causing Severe Acute Res-
piratory Syndrome.

2. Sequence similarity with human genome: BLAST 
Score

The identifi ed riboswitch like sequence of H. corona-
virus OC43 had shownfollowing results on NCBI data-
base search for gene sequence similarity present in the 
genome of Homo sapiens.

SEQ1-tgctaGTCTTGTTCTGGCAAAACTTGGCAAGGATgccac

This gene sequence from Human coronavirus OC43 hav-
ing the identifi ed riboswitch had shown a BLAST score 
77.8 with a maximum 100% of gene sequence similar-
ity with Bovine coronavirus strain. The BLAST result of 
human gene sequence similarity to SEQ1 gene sequence 
is shown in fi gure 4, depicting no gene sequence simi-
larity. 

Thus, human genome does not have any similarity 
with the Human coronavirus OC43 directing towards 
non-presence of any riboswitch like gene sequence as 
predicted by RibEx. 

3. Transcription of gene sequence to RLE

Sequence after transcription:

SEQ1-GUUCUGGCAAAACUUGGCAAGGAUGCCAC

Table 3: The coordinates of grid box for the virtual screening

Target Protein x-D y-D z-D Spacing (Á) x center y center z center
SEQ1 40 40 40 0.375 19.664 -4.443 -5.899

FIGURE 3: Riboswitch like sequence

Priya Pradhan et al.



BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS THE UNMASKING OF UN-TRANSLATED REGIONS OF HUMAN CORONAVIRUS OC43 61

The acknowledged gene sequencewas transcripted to 
its corresponding riboswitch like elements using “Tran-
scription and Translation Tool”. This tool interchanges 
the thymine (T) with the nucleotide uracil (U) to form its 
equivalent riboswitch.

4. Predicted tertiary structures of riboswitch

Tertiary structure of the identifi ed riboswitch in Human 
coronavirus OC43 were predicted by online program 
RNAfold(2D)(Vienna, 2015)and RNAcomposer (2Dto 3D)
(Popenda et al., 2012), SEQ1 riboswitch consists of a sin-
gle chain of 39 nucleotides. The predicted secondary and 
tertiary structure of SEQ1 riboswitch in H. coronavirus 
OC43 has been shown belowin Figure 5a (2D) and 5b 
(3D).

5. Blind and Focused Docking results

Binding site present in H. coronavirus riboswitch SEQ1 
identifi ed by FD with LYS suggested that there are some 
residues ingene sequence that are involved and are 
capable in ligand binding.Docking results obtained by 
BD of the riboswitch i.e. SEQ1 has been tabulated in 
Table 4.The results of FD of SEQ1 using the identifi ed 
binding residues intricate in the binding of the ligand to 
the predicted riboswitch advocated that the amino acid 
lysine (LYS) as its substrate ligand had displayed the 

superlative binding amongstthe 20 amino acids with the 
Binding Energy (BE) value as -5.70 kcal/mol (Ki = 66.22 
μM) that has beentabulated in Table 5.

Further, to enhance the rate of affi nity, the results of 
individual docking of riboswitch SEQ1 with LYS for a 
repeated number of timeswas conducted to enhance the 
affi nity of receptor and ligand for which the result has 
been shown in Table 6.

6. Virtual Screening results

The 5 lead/principle molecules were selected after virtual 
screening against predicted Human coronavirus OC43 
riboswitch of SEQ1. The BE and Ki value of 5 principle 
molecules for the H. coronavirus OC43 riboswitch has 
beentabulated in Table 7.

The following fi ve lead molecules were obtained 
for SEQ1 riboswitch after the virtual screening; these 
were obtained from ZINC database: ZINC02418906 (A), 
ZINC02418945 (B), ZINC03838665 (C), ZINC02418909 
(D)and ZINC11322328 (E). 

7. Physico-chemical properties of screened lead com-
pounds

The physico-chemical properties of top 5 lead molecules 
screened for SEQ1 Human coronavirus OC43 riboswitch 
has been tabulated in Table 8.

FIGURE 4: BLAST between Human coronavirus and Homo sapiens

Priya Pradhan et al.
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FIGURE 5A: 2 dimensional structure

FIGURE 5B: 3 dimensional structure

Table 4: Blind docking results

S. No. Ligand Binding Energy 
(kcal/mol)

Ki  (μM)

SEQ1 GLY -3.79 1.66

Table 5: Focused docking results for SEQ1

Amino acid BE (kcal/mol) Ki (μM)
ALA -4.30 701.14

ARG -4.34 22.68

ASN -4.66 380.87

ASP -2.18 25.1

CYS -5.50 92.58

GLN -4.52 489.94

GLU -.170 138.38

GLY -3.85 1.52

HIS -.350 648.24

ILE -4.04 1.08

LEU -4.54 473.4

LYS -5.70 66.22

MET -4.66 382.83

PHE -5.48 99.77

PRO -3.89 1.42

SER -.430 3.07

THR -3.91 1.36

TRP -5.02 209.41

TYR -4.88 266

VAL -4.41 583.85

8. ADME &Drug-likeness profi ling

The results of drug-likeness and ADME prediction of 
selected top 5 lead compounds for the predicted ribos-
witch has been worked out by PreADMET online pro-
gram. The ADME and drug likeness score for top 5 vir-
tually screened lead molecule for SEQ1 riboswitch has 
been shown in Table 9-10 respectively. The two lead 
compounds out of top 5 screened leads ZINC02418945 
(B), ZINC11322328 (E)passed the ADMET with a good 
drug likeness score. 

9. Hydrophobicity/Hydrophilicity

PLATINUM program was used for the detection of 
hydrophobicity/hydrophilicity of the ligands. Most of 
the ligands were found to be hydrophilic in nature. The 
interactions between the ligands and other molecules 
are principally electrostatic in nature as these objects 

Priya Pradhan et al.
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FIGURE 6: Biinding sites (A29, A30) predicted after focused docking by 
PyMol

FIGURE 7: 2D-Hydrophobicity Map: Brown-Cyan color–brown (oil-colored) hydrophobic and cyan 
(water-colored) hydrophilic properties(Pyrkov et al., 2009)

Priya Pradhan et al.
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Table 6: Enhanced docking results

Riboswitch Ligand BE (kcal/mol) Ki  (μM)
SEQ1 LYS -7.01 7.26

Table 7: BE and Binding Affi nities (BA) of proposed lead molecules for SEQ1

ID Chemical Structure BE (kcal/mol) BA (μM)
ZINC02418906
(A)

-9.07 224.4nM

ZINC02418945
(B)

-8.86 318.83nM

ZINC03838665
(C)

-8.86 319.51nM

ZINC02418909
(D)

-8.68 443.76nM

ZINC11322328
(E)

-8.42 670.52nM

Table 8: Physio-chemical parameters of proposed lead molecules for SEQ1

Parameter Optimum  range A B C D E
xlogP -5 to +5 1.53 4.24 0.91 1.53 2.15

H-bond donors 0 to 5 1 2 2 1 2

H-bond acceptors 0 to 10 1 7 7 8 7

tPSA(Å²) 60 to 140 89 81 59 89 94

Molecular weight 
(g/mol)

150 to 500 403.442 425.92 348.495 403.442 319.39

shows polarity. Hydrophilic interaction is in force not 
only in solvating ions, but also in stabilizing DNA, pro-
teins, etc. As per the tutorial of PLATINUM program, 
an hydrogen bond has been assigned a value ranging 
from 0.0-1.0, 1.0 being the perfect geometry, so ligand 
B (ZINC02418945) is near the range of perfect geometry, 
aiding in the stability of the ligand-receptor complex.
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Table 9: ADME results 

Parameter A B C D E
BBB (blood brain 
barrier)

0.208578 0.886191 0.089131 0.208578 0.112125

CaCO2 22.277 27.3611 27.0288 22.277 11.6979

HIA (Human Intestinal 
Absorption)

97.202625 95.22717 86.59872 97.20262 89.00412

Plasma_Protein_
Binding

Inhibitor 89.69697 6.966986 Inhibitor 86.29595

Skin_Permeability -3.74703 -3.19318 -4.54874 -3.74703 -4.22118

Table 10: Drug-likeness results

Parameter A B C D E
CMC_like_Rule Qualifi ed Qualifi ed Failed Qualifi ed Qualifi ed

CMC_like_Rule_
Violations

0 0 1 0 0

Lead_like_Rule Violated Violated Violated Violated Suitable

MDDR_like_Rule Mid-structure Mid-structure Drug-like Mid-structure Mid-structure

Rule_of_Five Suitable Suitable Suitable Suitable Suitable

Rule_of_Five_
Violations

0 0 0 0 0

WDI_like_Rule In 90% cutoff In 90% cutoff Failed In 90% cutoff In 90% cutoff

Table 11: Hydrophobicity results

Bonding Ligand

A B C D E
H-bonds 0.01 0.80 0.01 0.01 0.04

S(L/L) 0.06 0.00 0.00 0.19 0.00

S(H/H) 102.15 55.38 66.39 38.10 96.96

Sburied 204.93 192.21 113.67 250.25 169.43

Stotal 348.59 366.58 333.29 347.34 299.68

Match1 0.2932 0.1511 0.1992 0.1102 0.3225

Match2 0.0005 0 0 0.0017 0

Stack 1.97 0.24 0 2.79 1.62

CONCLUSION

We have been able to accomplish in silico prediction and 
identifi cation of the riboswitch for Human coronavirus 
OC43 straincausing Severe Acute Respiratory Syndrome 
(SARS). This approach has given supplementary infor-
mation about the peculiar binding sites and ligands for 
the strain of H. coronavirus OC43. After the comprehen-
sive analysis of molecular docking study this prediction 
approach has drawn our focus that the complete genome 
of Human coronavirus OC43 is having elements that 
might act as switches for the “ON” and “OFF” mecha-
nisms of metabolic pathway involved in the detrimental 
viral activities of an organism. The stretch of sequence 
(RLE) obtained after the analysis has paved the way 

for the receptor-ligand interaction, in which the potent 
ligand found was LYS amino acid that has the leading 
affi nity for the binding site present on the surface of the 
receptor (RLE). This ligand has shown its competency 
amongst 20 different amino acids. Further, the binding 
sites: A29 and A30 can accommodate the structure of 
the ligand in a defi nite manner, as per the conclusions 
drawn after focused docking. The predicted RLEis having 
its vital role in the functioning of gene encoding nucleo-
capsid protein that directs towards targeting the encoded 
protein so as to regulate the activities of the organism 
inside humans. Also, the sequence obtained does not 
have any similarity with the genome of humans, which 
shows that the inhibitors/lead compounds retrieved 
from the ZINC database will not hinder the metabolic 
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pathway of humans and their metabolic activities, if the 
organism is targeted inside their body. These inhibitors 
anticipated are free from the side effects of the antiviral 
drugs and have distant chances of emerging resistance 
in humans. Furthermore,targeting nucleocapsid pro-
tein has also proven its authenticity after the similarity 
search via BLAST since the predicted sequence has its 
root in Bovine coronavirus also, that has been acting as 
the major causing agent to the members of subfamily 
Bovinae. This subfamily is having a diversifi ed group 
of 10 genera that are the victims of this organism and 
are prone to respiratory and enteric infections.Hence, 
the study directs towards the prediction of novel drug 
targets that might aid in the treatment of Severe Acute 
Respiratory Syndrome and also Bovine Respiratory Dis-
ease Complex.

FUTURE PROSPECTS

Further, aptamers and the RNA structures can be gener-
ated by in vitro selection to interact with small mol-
ecules for the expression and binding of a wide range 
of ligands (Famulok, 1999, Hermann and Patel, 2000). 

Moreover, riboswitches can also be worked on in vivo 
experiments as an artifi cial regulatory construct that 
involves an aptamer structure leading to the addition of 
the aptamer-binding site for a compound stabilizing a 
hairpin structure that interfered with initiation of transla-
tion of a reporter gene (Werstuck and Green, 1998). It is 
also possible to use aptamers for the regulation of cellular 
processes, such as the cell cycle (Grate and Wilson, 2001).
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