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Abdtract: Backgroamd: Biological macromolecsles, namely, DMA, RNA, and protein, have (heir
beilding blocks organized in & paniculs segeence and the stquential mrangement encodes the
evolutionary history of the ceganism (species). Hence, bacdogical sequences bave beeni used for
studying evoletionary relalionships among the species. This is ssually camied out by Muliple
Sequence Algorithms (MSA). Due to certain limitationd of MSA, alipament-free soguesce
comparison methods were developed. The presenl review i on alipemens-fres sequence
compagison methods carrbed cut using the numerical characterization of DNA sequences.

Discazsion: The geaphical repecsmiation of DA sequences by chans game representalion and
other I-dimergicnsl m J-dimemionsl methods are discussed. The evolstion of nuserical
chasaclenizalion from Lhe warions graphical represeniations and the wpplication of the DNA
invariants (his compuled i phylogenstic mashais are presested The estension of computsig
malecular descriplons i chemometrics e the caloalation of @ bew wet off DINA invarisats sxd their
wie in alignmeni-free seguence companson in an M.dimensional space and comdirectieon of
phylogenstic trees sve wlus reviewead

Conclenian: The phviogensiic irem constrocied by e alignment- five soquenor comparison methods
using DM A mvamens were Bound 1o be ‘henier than Sose cossinacted using alignment-based tcols

siich a8 PHLYIP and Clustal'W'’. Ose of the graphical repeesentallon methods i now extended 1o study
virl sequerces of mfections discaies lor (he identiicasson off consereed poghons W0 desifn peptide-

Keywords: Mumerical cheracterization, DNA sequences, sligeanend-fiee, sequence comparison, phylogesetic amalyns,

peptide-based wvaceines

1. INTRODUCTION
1.1, Evelutionary Studies using Biological Sequence Data

The sequences of biological macromobecules are the
product of malecular evolutson. The genomic sequences A
& treasure of information dulabase created by moiher pature
through the bong process of evelution, When the sequences
share a commson ancestral sequence, they tead 1o exinbat
similarities in their sequences, structures, and biological
functions. Samilarities might lead 1o clues regarding the
evolutionary history of the gene or the funstion of the
protein. Genes and prodcing are  thercfore rebated by
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Sri Sarsds Niketan College for Wames, Kanar-539005, Tumil Nadw, [ndi;
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evolutien and thus, they have an evobetionary history [1].
Information 1% encoded in the seqoestial order of ihe
bases (fowr letiers) on the chain of & DA moleculs, This
fosens the basis for stedympg evalistionsry relationships
miing biological sequences (DNA, RNA, snd proicis),
Moreaver, owing 10 the availability of a large number of
sequence data in ibe posi-genomic era, SCMBLSTE are
wiing sequence datn rather than morphalogical and other
information to stedy evolulionary relationships. Random
mutslions may accumulabe more casily in non-critical
paris of a protein sequence. On the other hand, in parts of
a pratein séquence that are eritical for the funcion of the
protein, hardly any eutations will be accepled; '|h:|s
behavior ts dwe to self-preservation of the prolein
function. Analysis of evolutionary relationships between
protein or gene sequences depends critically om sequence
alignments.
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sliga may be made by simple changes in 1:“ besic aligne,,,
Imien| algarilh [Fynamic progrmmening can porformed g .
Mrocedure 5 used ip ,ﬁ.,-_,,d.r_l:d H:ﬁw. The probden should be I:T::.d

it smaller sub-problems. The smaller su an be
solved optimally. Ulsing these sub-optimal sofutions, o

bm'“':'l'ﬂm'
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!*“'lﬂm or COMPUNng fwy o more sequences [2.3]
Elobal optimal selutkon can be comsirucied far the onging

l'ﬂTl.llI:l':hl|_|l-!.“rt i
15 no.jdans: are placed in e
T

Other sequence g O Opposie, by

bitracy hmupm'ﬂ I Fp = protlem. A global slignmenl program 8 based on ke

: and gaps age ; '::‘:."“" non-identical  Neolemun. Wunsch algorithen [4] and a locs! aligament
Jonce 10 I8 peogram is based on the Smith-Walerman slgorithm [5),

Dynamie programmdng algorichm i gusrantzed 1o produsce
an optimal alignment thal has the highest possible alignment
score betwoen two soquences for @ given scaring system.

WWImuum i
: event that eliminates ol ' ' \
m new DNA o & Fﬂllm‘mll The rales for computing ihe scoring manix arc:
Mt R Gferentbuic assumpeions md A ST ndened by esidoes of each sequence i
wﬁllw ' I8 no such thing s the recursively,

There are: two. types of sequence alignment, mamely, Fp = max {-5',._.“. ot W, + Mmatchimismalch
.JI bal end ocal, In global aligammens, an attemp is made 1o B

'En the entire sequemce using ms many chamciers as e
posaible, up to both ends of esch sequence. Local alignment St w)

ieprches fiot segments of the two sequences that match well,

This type of alignment favors finding conserved uclentide where, 5, = maxirmm subsiitution score for residees |

mﬂﬂmwmimtﬂmmm and J
sequences. [m ocal alignment, the two sequences are not !
forced into an alipsencnt W= gap pesaliy
Pk g oF e R M PO A Wiw iy = Malch or mismatch of ressdues
bul bave problems i comparing sequences in a datsbase. In global alignment, the gap penaliy valwe i set to zero,
They hecame -intensive  and  practically ﬂmﬂiwi&wnluhmﬁrmhumimh
o =] .

impossible when the sequences are loag. An exiestion of
the _h-iuw principles of pair-wise aligement =
multiple sequence alipnmesi (M5A). In multiple ingoence
alignment, all similer sequences can be compared by
aligning sequences on top of each other, In order to perform
this, a coordipale sysfem s sei up, wiere ench row i§ for one
sequencs (DNA, RNA, ar pronein), and esch column is the
same’ position in each . Each column

10 @ specific resichoe in the templale’ sequence, T MSA, the

Local alignments wsing the Smith-Wwierman algorithm
e epully more mesningful than the global meches
becusse they include paiterns al are comserved in the
sequences. The local aligaments can be used ismead of the
Meedleman-Wusach algorithm to muich two soquences thas
may have a matched region thet is only & fraction of theis
berigths that have different lengthes that overlap cf whese ane
sequence 1y & fragment or subsequence of the otber. The
nedes for calculating scoring matrix values are slightly

gaps introduced in some sequences are shown by the dash '
ar dot " character. Tnemmdﬁp.lenri;unmu,m
may have to infroduce gaps in sequences af positions where
there were no gaps in the comresponding pair-wise
alignmeni. This means that multiple alignmenis contain

different. The geosisg dvatem includes negative intepers far
mésmalch,

The above-meniboned algorthms consist of three steps,
namely, (i} initiation of the seore mate, () ealculation of

scores (masrix fill), asd (1) trace back, which give tise o 8
2-I) meirin represeniaiion, The alignments are produced by
siarting el the highest scosing positions in (ke sooring matrix
andl following the trace path from those positions up b &
bax thai scores zera,

Alignment-based bicinformatics tools thal mads a geod
impact in the field are:
Sequence similanty search toolss BLAST [6],
FASTA [7],
MS5A multiple sequence alignment tools: Clusial'W

ecire gaps chan any given pair of aligeed sequences

.3, Dynamic Programming

ﬂ}mm::pmmming i% a computationsl method that is
used to align two biological sequences (mucleic scid or
profein). This method is very imporant for sequence
analysis becawse it provides the best or optimal alignment
bernween sequences. The method compares every pair of
characiers in the two sequences and generales an slignment, o
This alignment will include matched and mismatched

characiers and gaps in the rwo sequences that re pasitioned ¥
ﬂ_u‘r: m{;::ﬂbn of maiches i$ maximum between [&), Muscle [9], MAFFT [10]
idendical or characters. Dynamic programmi :

. - * Scquences’ profile search programs: PSI-BLAST

algorithm provides a relishle computations] method for
iligning DNA and protein sequences. The method has been
roven mathematically to produce the best or opfimal .
lignmenr between two sequences under a given set of
wich condinns. Bodk global and local types of alignments

[6]. HMMER/Pfam [11]),
Whole-genome alignment tools progressive Mauve
[12), BLASTZ [13], TBA [14].
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14, Froblems with Multiple Sequence Alignment (MSA)
Approach

M3A  approach 15 compuling-intensive
compuatational boad escalates as a Emu' hmﬁ;nndnf :E
leagih of the sequences. The compute time/load is 2° for -
gapped alignment and somewhat higher for the best-gapped
algonithms. Due to this limitation,

. MSA is not feasible f
searching large databases. In addition 1o the dmnnj I'::r

bong computational time, they have other problems owin
fundamental basis. In order to infer homalogy lrrrgn-::.
sequences, MSA converts sequences of unequal lengih into
sequences of equal length by introducing BEps. MSA
overlooks well-documented evolutionary evesis such as
msertion and deletion (indels), and mutation and does not
m.'i.ld_tr fuidity resuliing  from  recombination  with
shuffling of comserved segments without loss of function
|,I5-1E|]._Th1s fact was illustrated by Radomski ef al. [17] by
compering the genomes of Aeropyrum  permiv and
Ureoplasma urealificimone. Only 3% (114 out of 3499) of
protein sequences of Ureoplasma wrealiticumone eould ke
aligned with those of the Aeropyrum perniv genome
Moreover, inferming gaps to align sequemces intmoduces
uricertainty and this docs mot affect the results significamtly
when orthalogous sequences that do not have prest
divergence between (he laxons afe  condidesed.  The
alignmenl anceratnty sigpificantly affects the resulis of
ph¥logenctic studies of a large number of aligements. Wong
el al. (18] showed the effects of uncertainty in alignment
using genomac data from seven veast specicr. Ziclezinski
al, [19] discuss sibambons swhene the alignsent-based
sequence comparison method becodnes troshleseme. Seveml
pew alignmeni-free  sequence comparison methods are
peporied as an alermative do eliminste or minimize ithe

defects im the alignment-based approaches,

I ALIGNMENT-FREE SEQUENCE CONMPARISON
LI Graphleal Hepresentation

Graphical represeniation of DNA  sequences  was
intraduced to facilitate visual comparison of sinvilarities or
digsimilaritbes among the lengthy sequences, amd they
provide o simple way of viewing, soming. and companng
vagious gene structares, In a way, they may be regarded as
alignment-free sequence comparion methods.

X 11, G god fl- curves

The fist attempt towards developing o graphical
represemtation of DNA sequentes was of Hameri nu-_zz]
using the G- and M- curves. G-curves are generaled in o
virtual  five-dimensional  space  whase m.-llm;unll
coordinates are assigned to the four DNA nucheotides on a
DMA chain G-curves are consimacied by reading the DNA
sequence data and directing the G-curve aloag the a-as by
ame unit if the first nucleotide s ldlﬂ'l::‘:gl:d}, :hng the ¢

w ool 1t is ine o), amdl %0 oh. podidion axis 1
iln‘:urtm:d m u:i1 nfter each mucheatide 15 draamn and
the procedure is continued until the ¥ end is reached. The
resulting line drawn is a conlinuous Curve aloag the positvon
axis in 5-D space. [t is very difficult to comprehend 5-I
geometry, G-curves are useful only cancephaslly and da not
provide any visual represeniation To obinin 3 visual
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representation of DNA, Hamar

anid Ruskan [22
four bases at comers of a PRIt et P the

assigning them coordinases:
a=ldhe= 0 1g g = (-Le1) = {1, 1) and added the
third coordinale as the nanning index. This way of 3.0
graphical representation of DNA was referred by Hamori
and Ruskin as H-curve [22]. Sophisticated computer graphic
toals are needed to generate the H-curve.

212 Two-dimensional Graphical Represeniations

Two-dimensional (2-D) graphical representation is the
modt commanly used approach by mamy rescarchers, and it
is much simpler than the H-curves propased by Hamori. The
-} graphical representation of DNA was firsd
propased by Gates [23). Mandy (M), and Leong and
Morgenthaler [23] independently developed 2-Dv graphacal
represeptation methods. The (hree methods are similar b0
ang another and only dilTer in the assignment axis in the
Cameslan coordinabes, Twa dimersional (2-0) graphecal
representation by any of the theee approsches was oblaimed
by associating the four DNA bases with siepwise movement
in the Buclidean plane, the Carlesiom coordmate system.
Succesive pomnts  obtained by depicting the hase
distribwstion i {x, ¥ plane ase connecled 1o obtain the DNA
graphs. Applications of grapivical represeniation on the
Euclidean plan were stadied by several aushoes [36-M4],

Major disadvastages of 2-D0 represenistion usmg
rectampular walks on Cartesian  coordipates are the
formation of overlgpping paths due 1o repelitive sequences,
feamnatlon af ciecuits or loops. Thoogh Mandy snd Masdy
[25] showed that ike loss of informatson in such approaches
is mot very significasi and several altemnalive gysbems were
suggested 1o reenove the degenerscy. The directed graph
method [346] and the condensed graph representation by
Randié [37] aimed ot overcoming the problem of
degenerscy in graphics] represeniations using  regular
carlesien coordinates, Guo et al. [18-39] suggesied using
four special veclors 1o represent (be foar DNA beses o
elimanme degeneracy. However, this method resulls m
stockastic depeneracy (accidental), Liv of ol [40] showed
ikt compleie elimisation of degeneracy in the graphical
representations generated by rectangular walk in Canesian
coordinaies 15 'ilqmm'hlr. Beelinsha-Wak & af [41]
mndified Nandy's approsch and wsed a dynsmic model by
pssigming masses o the poants and this removed most of the
degencmcy im b Rasdy method [34],

You ef al, [42] generated DMA graphs by using the first
and fourth quadrant of the Canesian sysiem, The two DNA
bases 1 and ¢ (pyrimidine) were plofied in the first quadrant,
while o and g (puring) were plotied in the fourth quadrant.
This spproach completely eliminated degeneracy in the 1-D
graphical represeniation of DNA  sequences.  Similar
metheds were propesed by Liso ef ol [43] This et
wis wiilized 10 analyze simikasity dissimilarity amang the
sequences. Hoang et al [44] suggested » modification o the
method of Yau of ol [42). In thewr method, the m'lr!hh?-%
are assigned four different two-componenl Veclors.
graphical representations thus obtained were calted the H-L
curves by ihe poiban.

and W 43] gencrated I-Db graphical repeesents
nﬁsnihﬂdﬁlgnldiﬂnm ¢lassifications of the four
mhmpmhﬂmcﬁwmu{amn}.m
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[amdr}nndkﬂntgmdrh:ndwut (@ and 1) and strong
g and o) hydmogen bond This method elimmates
degeneracy and took imie consideration  the :ﬁ:rl'llfll‘l'l‘:
siroctural and hydrogen bonding matares. “Foar line
graphical representation [46-48] is ancther 1-D p:q:lhll:ll
represenitation of DMA sequence. a this representation, the
four bases in a sequence are Te on four horizontal
lines separated by uait distances. The bases constituting the
DMA sequence are represented by dots placed along the
harizomtal limes sequentially a1 unit distance intervals. The
adjacent dots are then connested 1o ohtain & TIg-Zag Curve.
The four borizantal lines can be labeled in any order. Hence,
the number of possible graphs is 41 Several suthors used the
2-D graphs fo compare sequences [49-50]. Nandy and his
co-workers [$1-53] have used the graphical representalion
ws identify comserved domains and developed & method 1o
design peptide-based drugs for the Zika virus, Their
approach uses graphical representation and pumerical
charscierization (discussed later in this review] of DMA
pequentes o pars of them.

2.1.3, 3-D and Higher Order Graphical Representation

The generalization of 2-D graphical represeniation has
led o 3-D and even 4D representations. The higher-order
representations do not suffer from the arbitrary assignment
of nistleic acid bases to choose the directions of the partitios
coordinate systers axis. These methods generally used
geometric possibility. Wang ef al, [54] came up with &
symbalic dynamic procedure of graphical representation.
This methiod can be used for vinml comparison of DHA

wences in 3-D coordinates and it does not saffer from
any loss of information,

214, Chaes Game Representation (CGR)

Chaes game representation (CGR) af DA seqeences
was intraduced by Jelfrey [55]. COR iz a peale-independent,
highly ccempact graphical representation that charsctenizes
the various fractal patrerns of DNA sequences. Jeffry's CGR
representation is an improvement af ibe method imtroduced
by Bamsley [$6]. In Barnsley's method, the vemtices of &
pelygan are chosen randomly. In Jeffrey’s CGE method, the
palygon is always a square and ibe random verlices are

defined by the four bases as Az (0, 0, = f0, D Ge (1, 1) and
T: {1, 0). CGR represeniation of a DMA sequerie i
obesined by starting a1 the center of the square. The firsl
base is plotied halfway between the center of the dquare and
the comer comesponding 1o the base. The next base is
plotted halfway between the point jast plotted and the comer
comesponding 10 the next base, Thus, successive bases are
plotsed halfway way between the previous point and the
comer ing 12 the base being plotted. This process
continees 1l the last base in the DNA sequence is reached.
Hill er af. [57] used the CGR representalion &8 8 map of
16 disucleotides and compared seven genes of human
globin regions (coding regions) and 29 alcohod dehydrogenase
that are relatively conserved They
frequencies of dinucleotides in each CUR map and found
that CGRs were similar for the genes of the same or closely
related species but were different for the genes from
distandly related species. The density of CGR podRls was
wsed 1o derive entropy profiles for DNA sequences and was

Thraughpur Screeming, W11 Vol 25, Na
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used 1o shady variability, intra ard imlergenamic variabiliny

[58]. Goldman [59] demaonstrated the use of COR map 5

study the Frqu,u:n:hun-fmnnn.di,lr-d trinucleotides, This is
an exiension of ihe dinucleotide frequencics by Hill et al
[§7). Thus, each position in the CGR map may be
congidersd 1o represent an aligonucleotide. Deschavanne «
al, [60] found the oligomer frequency counts using CGR
and tried 1o interpret it in lerms af (he genomic signature
concept. Tino [61] expanded the application of CGR. to other
biological sequences, including proteins, by gencralizing the
arbitrary sequence of symbals. The work of Basu &f al, [62]
may be considered a motivation for developing CGRs of
prodeins.

Goldman [5&] stated that the quadrant frequencies of
mang-, di-, and tri-nucleatides completely account for the
complex patiem of CGRs of DNA sequences and this

to limit the application of CGR. On the conirary,
Almeids ef al. [63] showed that one can g0 beyond
trinaclentide and, &5 3 musiter-of-fE, oligonucleotide of all
lengehs [564]. Almeida and Vinga [65] showed that CGR is a
special case of Markov chain models where probability
uables of all non-imteger onders are covered, They also
poisted out that the closer the CGR points, the higher the
sequence similarity between two sequenses. Almeida and
Vinga [65] extended the application of CGR. in sequence
comparison by developmg 2 universal sequemte map
{USM). Jaseph and Sasikumar [66] wtilized the distance
between CGR points 1o identify sequence identities of
whole-genome sequences and developed an algorithm for
alignment-frec sequence COMpariscn uiing CGR  maps.
Randié [67] used chaos-game represeniation and came up
with a spectrum-like graphical ion of DNA. He
oilized the & = B table of codons in the chaos-game
representatian 1o get the spectrum like representation. Hao
& al. [68] proposed 1l global visualization method of DMA
sequences  based on counting and coarse-graining of
frequency of sppearances of niseleic acid bases in & given
length. Similar to chaos-game fepresentalion maps, ihe
approach of Hao ef of, resulted in distinctive paficms far
different genomes and revealed fractal patiems of DNA

sequeToEs.
3, SUMERICAL CHARACTERIZATION

3.1. Matrices used to Represent DNA-graphs

Once & comnected graph is obtsined for a DNA
sequenie, it can be represented by a matrix. The adjacency
mairix  is mot generally wsed in  the mumerical
characterization of DNA graphs. However, distance matrix
and other matrices such as L/L matrix, M/M matrix, and
hi;h_-:rnrduh'l.mm-irumuad.m!?mui:[ﬂ,ﬁﬂ] ]
obiained based an the Buclidean distance. It is & symmetric
matrix, E = E', whose (i /) clement is defined as the
Euclidean distance between vertices i and j of the zig-zag
curve (DMA-graph). This is also referred to as the d-matrix.
M/M mairix is obtsined as the quotient of the Euclidean
distance (d) between two vertices of the zig-zag curve and
the number of edges (the so-called graph-iheoretical
distamce, D) between the two vertices [68-71]. The MM
matrix is also square symmetric. The L/L matrix is the
symmetric matrix whose off-diagonal elements are defined
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as & quatient of the Euclidean distance berween two vertices
of the zig-zag curve and the sum of geometrical lemgths of
edges between the two vertices [70.78]. By definition, af|
diaganal entries are zero. The “higher order’ *L/*L matrix is
1 symmetns matex whose (4, ) element B {[LLLE
words, the *LI*L matrix is the pfn-dmii DE'E.EE
multiplication of the L'L matrix by itself ktimes, The
exponcol & can take langer and larger values and s
approsches infinity, the eigenvalues converge 1o the
eigemvalues of the sparse binary matriy, L1 obained from
the *L"™L matnx by the substitution of all ils elements,
whise values are less than one, with zeree The MM matrix
may 11?-:1 SEIVE a5 3 soarce of the “higher-arder” matrices
lmdn 15 necessary 1o mormalize the elements of the MM
malmx ko secure comvergence because they are greater than
one. Since E, M/M, and L matrices are wisociated with the
Eoclidean and  geometrical distances, they  camnot
distinguish curves that are symmetncal about a line in 2.0
or 3-D space. In order 1o eliminate this limitation, Dai ef af
[79] propased the use of Cfi, j) matrix & an altemative, IFw
and v, are two points (vertices) in a DNA Eruph, we consider
the :Eult_:rﬂl]‘il:ﬁ'rﬂt determined by w, v, and v The fixed
poant vy i chosen accarding 1o the plane curve. On choosing
the origin {0, O) as the fixed point v, the O3 ) matrin is
constructed a8 follows:

L'":Eifnt 0, r otherwise

whmrhlh:nﬂiuﬂ'lh:nlrﬂltmiudbrn.v,,
and v Elements of Cii, /) matrix are symenetric and he
i diageeal elemnents are pero.

3.1 Numerical Deseripiors from DNA-graphs

Once a malna is comstructed, its eigenvalues can be
compuied. The complete set of engemvalues or any specified
value, such as the bading cigervalue of o mairix, can be
used 25 & numerical descriptor. A DNA sequence that was
converied into & 2-I) or 3D} graph can thus be represenied
by & matric. By using appropriate mairix manipulstion, s
nmerical descriplar is oblaised.

Euclidean disiance {d) is always egusl to or bess than the
graph distance (D). Hence, before compuiing  the
eigenvalues for the dT) matrix, the matix clemenls are
raized fo higher powers unfil all the elements <1 wanish,

leaving only the unit ratios. Randié ef ol [B0] proposed a
condensed matmx for DNA sequences. The rows and
columns of this matrix are associated with the appearances
of the four DNA bases. This was extended o the
appearances of the codans (friplet) to construet 4 = 4
malriges.  These matrices were wsed 0 extract the

cormesponding eigenvalues. In ibe cace of a {70, j) matris, if
an appropeizle fived podnt ig selected, then the elements of
i, /) maix are fess than or equal to 1. This allows the
computation of O, /) matrix, the product of Hadamasd
mubtiplication of the C{L J) matrix by itself k times (k> 1),
Dai ef al [T9] used the mvariants derived from the C[L /)
matmx {o constnect 8 phylogenctic tree for the first exons of
tem fl-globin genes.

Biclinska-Waz ot ol [B1] extended the wiility nfﬂﬂ:irl 1
[ dymampe representalions approach by using dustribution

& .
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momemts of the 2-D representagion i3 a2 sy

descriptor. Differences in the plots of a family of

be assessed qualitatively. The first-oeder m::?n;ﬂ?:ﬁhc:
Wix and jisy were obtained. (1) and wily} are the sum of x
and eru}ﬂmms ﬂlh-!.'m of each pomt averaged by the toral
mumber of points in the distribution. This, praph rad:
skt Braph radiys cap

gR= Jul 4 gt

Where the x; and y, represent coordinates of cach poml
on the plot, and N is the iotal number of bases in the
segmenl. gR cam be called the base disinbution indices
Graph similarity/dissimilasily index is another imvariani and
can be defined as AgR

&Eﬂ= 'ﬁlll{luh -‘HJ'J }r+tplp _'HLI}:

where juy and gy are two different sequences. gR is
specifically useful in comparing equal length sequences
[B1]. Base distribution index (gR), p, #, and graph
similarity dsssimilarity index {AgR) are the descripdors
obtained from the graphical method Ghosh er ol [£2, 83]
and his co-workers improved the numerical characrerization
by wsing the coardinates of points in & 20-D plane formed
using the amine acids cormesponding to the triplets. This has
been used by them 1o study the nesraminidase geme
sequences of Influenza vinss-A subtypes HSN1 and HIN].

Zhang ef ol [84] extended the scope of 1D graphical
represestation by infroducing an invariant 1o compare DNA
sequences. IINA similarity analysis propeed by Li e af
[83] approsch requires meither the graphical representatson
nof the conversion of the DNA graphs 1o invariants. They
used the relative frequency of codos ueage as given by the

formula
ﬂ_rE_Fh-

Where F, denoles the frequency of scoaresce of the jih
triplet of Gifi=0,1,2 .........200, while Py is the ideal codon
usage frequescy of the iFiplet, m, i the size of
€ Todeschimi er af, [86] used partial ceders so find the
simalarity among DNA sequesces of first exons of f-globan
genes for cipht &iMerent species,

33, Alignment-lree Sequence Comparissn by o k-string
Method

T'hﬂlﬂ;ilhﬂ':imtlipmmhﬂquﬂmiu]
representation and their pemernicsl charscterization, they did
not attract the attention of Beologists a5 allematves &
ali hased comparsson. Hewever, chacs
Wmum:ﬂwiﬂu ta this. b-String methad
usts the [Enguistics of bsological sequences. A Beological
sequence 5 of length [ is a lincar succsssson of » symbols
fram @ fisile alphabet, A, of length r. For o DMA sequence
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A = (g, g o} and r= 4, while for an emano acid sequence A
= [wymbal of 2 ammno acids), and r = 2. A scgment of &
symbeds where & < s called o E-tuple, k-mer, E-stmng or &
wird The namber of words of sinngs of lengih k in & sequence
15 wsually counted by movimg a sliding window of wadth & (k-
wide) thevagh the seqgoence from position one 1o {0« &+ 1), For
example, in 8 DNA sequence maggogpogpoace of length
fifteen, there are cleven stmngs of k= 4 a3 shown below;

fagg fepge oEECE ERCEE ECRNC CRECR ERCEE ECEEQ CEfdd
ER@ac gamce
The mumber of possible combinations of k-tuple of the
symbols in the alphabet A, N; = /. For DNA sequences, &,
= &', and N, = 20" for amino acid sequences; hawever, all
the possible combinations (M) may not be present in the
sequence 5 of length I There may be some repetition of
certain combinations. In the illestration, ihere are eleven 5-
strings but they belong to fen dafferent types (equivalent
tlastes). From the frequencies of different word-length, one
can caleulate the probability of finding a specific word. The
ktuple frequencies profiles thos obtsimed can be used to
compare $equences withoul alignment. The first usage of k-
mer counts for alignment-free sequence companson was
implemented by Blaisdell [R7]. Blaisdell advoceied the use
of Euclidean distance to measure similarity’ dissimilarity
using kstring frequemcy  profiles. [nformstbon-thearels
measares such a3 the Kullback-Lelbler distance (KLIDY,
which is also called “relative entrapy’ was introduced by
W er ol [B8). Onher methods include geametric measanes
such a8 the cosine of ke angle between the count veciors
[B9]. a=d sestistical measures such 88 the coerelation
cocfficient [90]. Simndardized Euclidean disisnce snd
*Mahalanobis' distance were sugpesied [B8, 91] s
aliernative measuges io sccount for ihe variances of k-words
in compulmg ke Ewsclidean distance betaeen the count
veclors. Insiesd of considermg coants of all k-words, same
seleceed subsets were used io compare sequences [BS) In
their approsch, prior i0 compuiing the cosine of the angle
beraeen the b-word count vectons of two pequences, (bey
abtained the most imporiant k-words using simgular vaboe
decomposition. Van Melden [92] wsed & motif-finding
prograi 16 sdenlify stsfisbically significent f-words snd
based the samafarity score of two regulsiony scquences an
the counts of hese significamt f-woeds oaly. The fixed &
wanl stnng composiion i3 also known as the Feabure
Frequency Profile (FFP) method. Generally, FFP metbod
uges “distance” between word frequency profiles of two
fests &5 & measure of dissmilanity between two bexls.
Hawever, there are no “words™ in the lomg string of bases,
andl therefore, Sims of al [93, 4] ueed relstive -mer
frequencies 10 calculate distance scores. Wu er ol [88]
supplemented the FFP method with horizontal gene transfer
[HGT] detection tochmiques and constructed the wholes
genome phylogeny for 8 population of viruses from eleven
viral families compnsing 142 large dsDNA  cukaryote
wiruses, F information of all profile features (4-
word) of & given length and the length of resolution of the
festures are used 1o obtain optimal range. These methods
used 1o compane two sequences based on k-word profile are
also referred 10 a8 the Dy method, Fing er of [95) suggested
slatestical measuenes o improve i applicaton. Qi &f al [96,
97| developed a composstion vector tree (CVTree) metbod
based on -word composstion 1o constrect & phylogenetic

Mo,

tree of prokaryotes. They used the |:|:||11|:-cu.in|.:m-,.n,,,,,:“,f
siring 1o construct distance matrix and the trees wer, h:“
using PHYLIP onlioe tool (bitps:evelstion gene,
washinglon.cdu/phylip.btml). Wu et al. [98] improved iy,
method using 8 complele compaosition vector, Le. they yseg
strings of vaniable length instead of a pasticular lengsh (5.
stnng) to form the composition veclon, Lu o af [%9)] used
CCY and improved CCY {ICCV) tree methods 1o improve
the CV¥Tree originally proposed by (i eral. [§7]

34. Alignment-free Sequence Comparison wsing N-
dimensional Similarity Space

Jayalakshmi ef of. [100-103] developed an alignment-
free sequence comparison using an N-dimensional simalanity
space constrecied by the principal compoments extracied
from a pool of DNA descriplors. The descriplors used by
ihem comprise of same alnzady known ancs and several new
descrrplors thal were developed by ibem using ithe rdeas
prevalend in chemometncs for the oumerical charse-
terizadion of malecubes (mobecular deseriglors). The complete
set of descriptors was classified into primary and secondary
descriplar, Primary descriplors are those obtained directly
by the numenical characlerization of a given DNA sequence.
For example, information content is & primary descripior.
Secondary descripiors are (hose oblained from the graphical
representstion of & DMA sequence. For example, graph
radias explained in section 3.2 om Mamenical descriplors
fram DA graphs is a secondary descripior. Fig (1) shows a
schematle representation of the calculation of primary and
secondary descriplo,

L1, Informalion Conteni

Information contept (1C) based on nucleotides and ibe one
hased on aming scids that would be formed from the coding
sequends ane similar 10 the L-tuple or k-mer approsches. In
addition to IC, two new measures of information costent,
namely, sequence Imformation comtent (510) apd the
complementiry sequence information costent (500 ) were
also calculated [103] based an the following expressions:

Sequence information content SIC, = —1—
log, m,

Complementary  sequence  information  costent

['S.I'E'e -I"El"a Ty ml.

_ These caleulations are similar 1o information contents
introduced by Basak ef al. for chemical mobecules [104].

342 Connectivity Indices for DNA Sequences

The connectivity type index proposed by Matarjan e
al, [105) is an extension of molecular conmectivity
introduced in the realm of chemical graph theory by Randié
[106]). In the connectivity approach, each chemical molecule
is depicted a5 a graph (molecular graph) in which the atoms
form the vertices, and the covalent bonds form the edges. In
a molecular graph, the degree (&) of each vertex is the
mumber of vertices directly consecied to it Randié
conmectivity index is calculated from the degrees (5) of a
vertex wsing the relation given below:
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Fig. (E) Coaversion of &
cedaur version of this figwre [ available in the electronic copy

i
J =
F EE
Whese | and j ore pairs of non-hydrogen Moms

conmected by a bond (edge) and the sammation is over all
ﬂ:rhmdl-mlmlﬂuk.mdhnuﬁud'lmui:ﬂm
oumber of edges incident on the vertex. Kier f al, [107]
developed 8 generalized connectivity imdex b considering
puhsnrnwuvb...unflmﬁhhihlmmdumn
may be noted that the path is the shartest distence, showing
the number of edges between any two verices. In the case
nrﬂﬁghﬂpwh.mﬁm“mipbdwiﬂubudm
several schemes such s bond-order and valency. A
gencalized comnectivity index "y of leogth b can ke
caleulated from the equatics.

] _E l
474 Tos 3,

Th:appruﬂhmcdin:htmlﬂlgﬂphhnuﬂndwmt
numerical characterization of DNA sequences. In ander to
calculate comnectivily type indices, DNA sequences peed [0
btrtpm:rﬂudl:mphmﬁh:lumlﬂulugnpm
mhingndgﬁudv:ﬁﬁu.nnﬂ.lmqmmm
mmmﬂhmipﬂinumﬂhniwbm
represented a veriex while the phosphate and suger unats
wiete _ Each vertex was then mssigned a vertex
based an the dissociation coastsnt (pK.) of the basc
comesponding 1o the verex, Dissociation corstasis (pha)
25°C are: adenine = 1.5, thymine = 9.9, puanine = 94,
cytosine = 4.2, The conversson of a DMA sequence 10 2
DINA-line graph is shown ia Fig. (2).

DA sequesce isto & line graph wiing pK, vadees of the forer Bases a8 the verlex weights. (4 higher resolution /
of e ariicie),

Conmectivity indices for 8 DNA  sequemos  wEc
caleulated based om pk, values of each of the four nicleic
acid bases. Hence, the notation “p* is suggested for the
pew sel of comnectivity descriptors. For the bypothetical
sequence of leagth fifteen { i, there are
fourteen edges namely, (g) (g7) () (1g) (g4} (ra) {aa) (a0}
(#a) () {af) (1) (f) (). Commectiviny index 'y i then,

' 1 ] 1 ]
¥ 2 +
I= T2nod  J9A=99 M T P AR T TR :
|

I

1.4.3, Secondary Descriptors fram DNA Graphs

0 the various methods of graphical representation, the
authors prefemed to e the methods proposed by 1) Nasdy
[24] and 3} Yau er al. [42]. Though thas method saffers from
lass of information due to degencracy and formation of
circuits (retracing the path traversed), Mandy and co-
wogkers used it extemsively in various applications,
including the studies on sequences of HIN1 [82, B3],

A series of new DMA-imvariants that could be derived
from the DMA-graphs generated by the two methods were

snd these mew descriptors are pamely, leading
cigenvalue of the distance matrix (Ap), Wiener index [108]
from (he distance matrix (Wp), leading cigenvalises of the
O/d matris (Ao, and Wiener index fram the DVd mairix
{Wou). These invariants were calculated for Narsdy and Yau
graphical representations of sequences based oa the graph
from which Ih:}fmﬂﬂind-fhﬁ:in\'iiﬂt:ﬂhmnd
85 Ay by Joca Mg, Wren, Wrro, Wipi, 30d Wyrng In
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retained and the others from the same group were droppes
In addition to this, descriptors that had the same numerical
value for more than 90% of the sequences and thase with
sparse data {only zeroes and caes) were also dropped.

add
“I“H"Fl 1o this, ovality (0) and ovality per nucleotide (O)
qt calculated only for plots generated using the method
L‘Lr;!iur:ﬂ'hy Yau e ol [42]. Ovality is the ratio of leagth
sicher width of the smallest rectangular bex that could
n the DNA graph. Graph radius [81] was calculated

for both Nandy
o P‘::': and Yau-type graph (G, and Gy.y). Table2. Symbols and beief definitions of the DNA
3.4.3.1. Leading Eigenvalue { ih deseriptors wsed.
e dpd of the Graph Distamce ]|
~In order to calculate the leading eigenvalue Lp, the
dlﬂﬂﬂft.m&h"l[ had 1o be m:ﬂ ﬁl::.ﬂ'lm djl.:‘me mwwmmmqm
matrin is formed by calculating the number of edges 3 =
l_ril-tti:dmuld:rlu move from point (nucleotide) 7 1o point _!E' ! M&'“ﬂﬂ' -1
J on the DNA graph. The number of edges truverse from o | indormasion consest for codos ]
point to the other is repres a5 Graph Distance (D). fhammtion camtest 1
For each point on the graph, D is calculated to every nrmc:lr | J - e

paint on I-I'htsn-ph resulting in the graph distance matrix. s, | Comglemeztary soquenes o rmesion coateed for -
The resulling matrix is symmetrical slong the diagoral. The v o e
leading eigenvalue (hg) of this matrix is a unique identifier '

{'wmmuhmmh
of the sequence and hence a deseriptor of that sequence. R _ _ codon
Ldll valwr atrix 4 EEI ' Euﬂmrmquhhnmﬂum
Construction of the D matrix requires the ¢ tio — - oo
ons regu ofistructian o e ? S
of the o matrix. The distance o from poant § te poinl § was = cn -mmm?m “'ff'_‘fl."#ﬂ' =4
calculmed as the Esclidean distance between the poimts (). i | ‘Sequeact iadarmusion coment forcodn
It is the shortest distance through space (plane) between the SICu Sequence nfisation costent for wmeng acd
two points. Upon constructing the o matmix, every elemen AT R = e m——— =
in the [ matrix is divided by the corresponding element | wumﬂﬁmﬁ“
ﬁmuhtﬂmmuinmﬂﬂln:mmu:m:m:muix.m o ———
Yeading eigenvalue of the D/d matrix (k) is another usefil Arge | ATOCTE T (A+TVSum{0<C}
descriptor of the sequence. Scandary ricriplon: eabqulazrd fram praphical reprowetatias
14, r Index for DNA Graphs — _th:‘:;:_:":“'__ o
G ot Wadly el
Wiener index was introduced [108] as path index and — T -
a3 shown 16 comelate with boiling points of alkases. Later, O Gyl ring om Yosr s repammehicen
itw-sﬁmﬂuuhﬂ:mﬂhwﬁuﬂ:whlm . _I._nl_nhﬂ:u_hﬂrﬂn_la_-ph -
mgj:nfﬂudnunw:mm.smmmmh Sam o of-diaganel clesents for di -
sqaare symmetric contaiing elements [, and the Siagonal bana Nasdy plot
elements ane 2ero (wien § = f, Oy = 0, B ¢an be caloulated a5 - wnﬁ;;ﬂn;; : .H'H.
hall e sum of i disiance mains {H"=}Edu‘.l om 1 'H'mﬂpnfﬂr\l - ,H
Caleulation of Wiener index or Wiener number i exiended { = -y :
rum molecular graphs 1o DNA graphs. Wieser number can e P Leading egrmvals for Vemplet
b caleulated for bmhlhllm:rr.ruudl‘rr:mﬂ'-nﬂn':nf - Sum of alT-Jiagonal clermeints for dartmsce modria, fod
Pandy graph and medified You-type graph. Four new DA : ] e Topa
descriplors, namely, Wiener index for D-matrixn {Bg) and Won | Wienr index of D e - Yiw pot
Wiener index for D-matrix and D'd meatrix | W) for Mandy- W I oo e far T e - Yo plok
type and Yau-npe DNA graphs wene introduced. The four — — —
Wiener nunshers are denoted as Wyp, Whoa Wy.pand Fyoe /S . _.n.'."_“
The compleic set of DNA descriptors wsed by Jayalaskhm i Coally s el

03 18 i Tahle L.
B B PCA is scale-dependent and the resalis ane |H|;qnud h;r
uction of M f m##ﬂﬁmmmmwmlmﬂmmhﬂn
;1::5.-{':-_::'. of N-dimensional Space for Sequence O inude than tha of other, e amiplons wer
e mhmﬁnrmliuhﬂﬂm‘+:!mmuu1h:
The scheme for sequence comparion after data Cumerical value of the descriptor and x = | when Decs > -1,
reduction by Pnncipal Component Analysis (FCA) is shown which is true for mest of the descriptors. However, hagher-
i Fig (3} arder infoemation costents and mﬂ:mnﬁi
Gome of the calculated descriplors ar highly inter- values £ -1 and ﬁ"fllt_"mpﬂﬂ-l? rheraeyrp
L G s i, 2 e et
corme .
Perfectly carrelated descripbors (cormelatson coefficient r = ﬁk:ﬂ;ﬂ Fﬂ_:ﬁ. i Pl
1) were groaped and onc descriptor from each growp was value Otheraa ompancnls
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Data mstrix of

descriplors (M) for Log,(desc < x)

BEGUBRCES (M)
fm = N}

Inttial data analysls to Lag transformad
remove redurdancy and descriptors
spares data {m x W)

Final dals mabrix PO (o sxiract minlmium
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orthogonal
deacriptors
Data normalization
| mormaited data |
Compuis
slmllarity | diwslrsilarity
Sienilarity {
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PHYLIP 3,80 mw-:

Fig- (3}
could be sebected to aocount for maximim daia varfance. As
the sumber of input descriptors used in the study is pat very
rge, il was decided 10 extract PCs with cigenvalue 2 073

al maximum data variance was obtained. The principal

&0 th

compones scores (PCS) of the extracied factors weve ia

as new descriptons bo carry out firther siatistical analyses. I
pesded, the PCs were subjected to varimax rotstion lo
abtain rotated facior scores.

The exiracted PCs were used o comstruct am &-
dimensicnal similarity space in which similar sequences gel
clustered. The given sel of sequences was grouped mmee
pumber of clusiers based wpon the Euclidean distance from

i ceniroid, Members (sequences) in the same clusier sre
aimilar, while those in different clusters are dissimilar, Thus,

a similasity/dissimilarity clustering procedure was used 1o
shady similarity among sequences thal are onthologous or
non-arnholagous.
5L Classiffcation af Sequences from a Diverse Sef of
fremes
Five hundned and sixty {560) coding region sequences
(CDS) of differemt genes thal are homogenous and
heterogencous were downloaded from GenBank (R
www.nchinlmnibgov). An initisl set of primary and
secondary descriptors containing 70 descriptors were compubed
for the 560 DNA sequences using in-house COMpUiEr programs
developed by the group. Thus, a data matrix 560 x T0 was
created. After initial data cleaning followed by PCA, the
data matrix is redeced to 560 x 5 because five PCs
accounted for 92% of data variance. The S-dimensional
similarity/dissimilarity space thus constructed clustered
similar sequences in a cluster. The approach was extended
to Coding Regions Sequences (CDS) of bemagglutinin gene

sm[uuwﬂhrhum&u:ﬁthumlhnrm}m-mﬂ descriptors for akignmen

1-free soquence Comparticd

of Influenza-A for subtypes HI e HIB retrieved from
GenBank (hetps/www nchinlm. nih. gow). A total of #54
sequences were used and cight principal componenls were
extracied and they accounted for 3% of data variasce. The
B-dimensional similarity space clustered similar sequences
togeiber, The method is effective mn classifying a diverse set
of sequences in the first instance and sequences belonging to
the same gene (HA) in the case of influenza virus A

sisbrypes,
132 Phylogenciic Analysis using DNA Descriptors

Though the pew approach is useful in the classification
of sequences, biologists are always more interested o ses
the effectiveness of the method in studying the phylogenetic
relationship of homologous seis of sequences. An extension
of the approach to carry owl phylogenelic analysis 1o
undersiand evolutionary relationships is presented in the
follewing sections,

Principal component scores (PCS) extracted from the
compuled DNA deseriptors used to construct the similarity!
dissimilarity matriz were used ag the input for PHYLIP 3.65
to construct a phylogenetic tree. The descriplors were also
used a8 imput for PHYLIP afler normalization. Thres
methods of normalization, namely, z-score normalization,
median absolute deviation normalization (MAD) and min-
max normalization, were tested for each of the three
different choices of descriptors viz, primary, secondary, and
combined set of descriptors. Therefore, DNA-descriptors
{primary andfor secondary) or principal component scores
extracted after PCA were used to construct phylogenetic
trees to choose the best alipnment-free method for studying
gene evolution. The results were compared with phylogenetic
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rees generated by conventional sequence alignment. The
procedure for phylogenetic analysis was standardized with
respect io  normalization, choice of descriptors, and
combining descriptor sets, for fifleen f-globin genes® first
exon sequences (15). The procedure was then extended o
the following scts of sequences

i.  Coding region sequences of f-globin (15)
i, 165 rRNA genes (19)
i, miDNA (1)

iv.  Mitochondrial genomic sequences of inverichrales
and inveriehrates (23)

The summary of important results of the phylogenetic
snalysis camied oul using computed DNA descriplors s
given below:

Best resulls were oblasined when primary descriptors
were wsed alone 1o construct the phylogenetic trees.
Secondary descriptors alone or combination of primary and
secondary descripiors did noi give satisfactory phylogenetic
trees. Secondary descriptors were derived from the DNA
graphs constructed on the Euclidean planc. Any loss of
information in generating the graph gets ransferred to the
descriptor and this might be the possible reason for the poor
performance of secondary descriptors. Ot of the three

normalization procedures, MAD, z-score, and man-max
normalization, z-score normalization was found 1o gave trees

that very well resembled species evolution Data reduction
using principal component and performing varimax rotation

Mouuse
Rat

G Monk
-Eﬂﬂuﬂ

— Opossum
Frog
Carp

By alignment-free

the results of phylogenetic analysis. Hence, it was concluded
1o carry oul phylogenetic analysis using primary descriptors
afler normalization using z-scores. The classification of 165
fRNA sequences (19), mitochondrial DMNA sequences {12)
and genomic SCquUENcEs mitochondrial DNA (23) gave
highly acceptable phylogenetic trees. The phylogenetic trees
constructed using the primary iptors by alignment-free
methods were better than those obtained by alignment
algerithms. Certain anomalous groups found in phylogenetic

classification by alignment method were eliminated in the

classification by the alignment-frec method,

Phylogenetic trees for the four sets of sequences are
presented in Figs. (4=7)

4. SOME RECENT ALIGNMENT-FREE SEQUENCE
COMPARISON METHODS AND TOOLS

A current approach [10%] 1» BRO {Mogeography-hased
Optimization) which is based on the concept of emigration
and immigration of species from one habiat 1o another
BBO is now improved, and it is named as IBBOMSA (An
Improved Biogeography-based  Approach for  Misluple
Sequence Alignment) [110] The algonithm implements 3
mutation operator which calculates the probabiliry of
mutation in the given species according bo thest comparsson
[110]. Zhou et al, [111] suggested an alignement- free
comparison approach that is based on mriplets of sucleoodes
in & gene that code for amine acids.

By sequence alignment

m"k_

of the extracted principal component SC0res did mot improve

ohin gene using an alignment-free method and online sequence Aigament

Fig. (4). Phylogenetic irees generated for CDS sequences of B gl
copy of the article).

method (4 higher resalution / colowr version of this figure is available in the electronic
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With the advent of Python and Bio-python, scquenct
retrieval from databases such as FDB has become very casy.
its built-in capabilities has
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Abstract

Internet is changing the way consumers shop and buy goods and services, and has rapidly evolved into a global phenomenon.
Many companies have started using the Electronic Commerce with the aim of cutting marketing costs, thereby reducing the
price of their products and services in order to stay ahead in highly competitive markets. Companies also use the Internet
to convey communicates and disseminate information, to sell the product, to take feedback and also to conduct satisfaction
surveys with customers. Customers use the Internet not only to buy the product online, but also to compare prices, product
features and after sale service facilities the will receive if they purchase the product from a particular store. Many experts
are optimistic about the prospect of online business. In addition to the tremendous potential of the E-commerce market, the
Internet provides a unique opportunity for companies to more efficiently reach existing and potential customers. Although
most of the revenue of online transactions comes from business-to-business commerce, the practitioners of business-to-
consumer commerce should not lose confidence. It has been more than a decade since business-to-consumer E-commerce
first evolved. Scholars and practitioners of electronic commerce constantly strive to gain an improved insight into consumer
behavior in cyberspace. Along with the development of E-retailing, researchers continue to explain E-consumers behavior
from different perspectives. Many of their studies have posited new emergent factors or assumptions which are based on the
traditional models of consumer behavior, and then examine their validity in the Internet context. This study is an attempt to
know the consumer perception towards purchasing grocery item through online.

Keywords : Global phenomenon, E-retailing, Business-to-Business

INTRODUCTION

Online shopping is a form of electronic commerce which allows consumers to directly buy goods or services from a seller
over the internet using a web browser. Consumers find a product of interest by visiting the website of the retailer directly or
by searching among best alternative vendors, which displays the same products availability and pricing at different e-retailers.
As of 2018, customers can shop online using a range of different consumer and industrial products. An online shop evokes
the physical analogy of buying products or services at a regular “bricks-and-mortar” retailer or shopping center; the process
is called business-toconsumer (B2C) online shopping. When an online store is set up to enable businesses to buy from other
businesses, the process is called business-to-business (B2B) online shopping. A typical online store enables the customer to
browse the firm’s range of products and services, view photos or images of the products, along with information about the
product specifications, features and prices. Online stores typically enable shoppers to use “search” features to find specific
models, brands or items. Online customers must have access to the Internet and a valid method of payment in order to
complete a transaction, such as a credit card, an Interac-enabled debit card, or a service such as PayPal. For physical products
(e.g., paperback books or clothes), the e-tailer ships the products to the customer; for digital products, such as digital audio
files of songs or software, the e-tailer typically sends the file to the customer over the Internet.

CONSUMER ATTITUDE

Consumer attitudes are a composite of a consumer’s beliefs about, feelings about, and behavioral intentions toward some
object--within the context of marketing, usually a brand or retail store. These components are viewed together since they are
highly interdependent and together represent forces that influence how the consumer will react to the object. For example, we
may have a very positive view of a particular sports car (for example, we believe it performs better than most), it makes us
feel good, and we intend to buy it. Consumer attitude may be defined as a feeling of favorableness or unfavorableness that an
individual has towards an object. As we, all know that an individual with a positive attitude is more likely to buy a product and
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this result in the possibility of liking or disliking a product. Attitude can be a fixed way of thinking when it endures for a longer
time. Attitude developed through experiences may change when new experiences are obtained. Attitude towards a general
consumption behavior can also occur, For example how often the person should shop food. The more positive the attitude is
regard to a behavior, the stronger is the individual’s intention to perform the behavior under consideration.

STATEMENT OF THE PROBLEM

Online grocers are confronted with numerous challenges. The general lack of practical experience in consumer’s needs and
demands renders the development of a profitable egrocery strategy even more difficult. These considerations raise the following
questions: What are the prospectus for an e-grocery business to meet the consumer’s needs and demands? What are the facilitating
factors and barriers to the acceptance of online grocery shopping? What are the technological challenges are faced by consumers
and what type of websites should be developed for the easy browsing? What kind of logistics and distribution channel consumers
are expecting? What is the customer’s expectation from this channel to fulfill their daily needs? In the light of above, role to
understand the consumer’s attitude towards online grocery shopping is very important. That™s why, when the online grocery
market is spending their wings in India slow and steadily with the time, then this study will focus on to analyze the consumer’s
attitude towards OGS in karur where the internet usage density is high, for acceptance of this new innovative distributions and
service channels for the fulfillment of consumer’s daily needs. This study, however, will investigate key issues affecting their
decision and find out the level of acceptance of OGS among Indian Consumers in near future.

OBJECTIVES OF STUDY

e To study present status of online shopping
e To analyze the factors those affects consumers attitude towards online grocery shopping
e To study factors motivates consumers attitude towards online grocery shopping

e To study potential for development of online shopping

SCOPE OF STUDY

E-grocery is happening in India in a big way. The E-shopping will replace traditional in-store shopping in the near future.
Though the traditional shopping is still to stay but the online buying could change the way people experience shopping
grocery. The study is to identify whether people are changing the way they shop their food and grocery from the next door
store to online web stores. The study is conducted to reveal the consumer’s attitude on e-grocery and their preference towards
the same. This study will help to find out whether e-grocery will exceed the preference of using the traditional way of shopping
and increase the response of online grocery shopping in future. There are numerous opportunities for innovative new services.

LIMITATIONS OF THE STUDY
e This study is mainly confined to Karur town.
e This study is limited to 25 respondents.
e The limitation of time was another constraint in the study. Research period is not just much enough to know about

the attitude of customers.

THE ONLINE GROCERY COMPANIES IN INDIA ARE
Bigbasket

It is one of the leading online grocery markets in India. The company operates from Bangalore, Mumbai. When you browse
it, there are various categories of products. A customer places an order for preferred goods. The ordered goods are delivered
at the customer’s doorstep at the stipulated time.

Star Bazaar

It has attracted many customers attention. The neatly laid out, brightly colored fresh vegetables, fruits and food products are
what keeps the customer coming back to the store. For effective quality service for its consumers, they have introduced a Star
Bazaar mobile app that makes you shop online.
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Zopnow

Once you place an order with Zopnow, within three hours you’ll have your groceries at your doorstep. The company discourages
use of polythene papers in its packaging. It uses plastic containers for large orders and environment-friendly green papers for
small orders. Once the goods are dispatched, the customer gets an SMS and email. The two have a link which a customer can
use to track the location of the order.

Nature’s Basket

Nature’s Basket is another grocery shopping app in India. When the customer places an order, the product the quality and
physical condition f a team of trained staff check the product before it’s sent for delivery. The order is delivered at the
customer’s preferable time. Once the products leave the store for transportation, a notification email and SMS was sent to the
client. With the app, you can change your order while the product is on the store.

The Prime Pantry

The app has tons of grocery commodities. It’s much easier to compare prices of products at your favorite store. In this store,
Amazon Prime members can buy groceries and household products through in an easy way.

Aaramshop

This hybrid retail platform that focuses on the marketing of FMCG and CPG brands. The platform connects its users with
the nearby stores. It also provides prices of the commodities for the customer to compare. Users can shop for groceries under
categories like rice, lentils, beverages, water, edible oil and ghee. The user selects the nearest retailer to confirm the order.
Payment is only made by cash when the commodities are delivered.

Bazaar Cart

Bazaar Cart is an online grocery store that does free doorstep delivery. The app has more than 15k+grocery products in its
categories.

Reliance Fresh

Reliance fresh industry is confident of becoming leading top India’s online grocery store. Reliance Fresh store offers online
services through mobile phones, websites and mobile app in all parts of Mumbai. Reliance Fresh is top leading consumer store
synonymous with freshness and savings. From fresh fruits and vegetables to cereals we have an entire range of your grocery
needs covered in one store.

ADVANTAGES OF ONLINE GROCERY SHOPPING
1. Ordering with Customer Service Assistance

You don’t have to wait anymore for the next working day just to place your order or if you have inquiries. Normally, online
shopping stores have 24/7 customer service assistance to accommodate all customers who wish to purchase or ask about their
products and services.

2. Goodbye Long Lines of Checkout Lanes

The traffic inside supermarkets, especially in peak hours, is heavy. So, spare yourself of the trouble of standing and waiting!
Try shopping for your groceries with just the use of your computer or smartphone wherever you are.

3. Time Saver

Most people in these modern times are time conscious. As much as possible, we want convenience and efficiency. Purchasing
goods online wouldn’t demand so much of your time. Unlike the actual store, you won’t be taking up time roaming around
trying to find the products you want. In online grocery shopping, you can find the items you want in just a few clicks! They
are also grouped in categories for better and faster finding! Use your time by spending quality moments with your family and
let these online stores do the shopping.

4. No More Parking Hassles

Finding it hard to look for a space to park your car? No problem! Especially on holidays like Christmas, where all parking
spaces are all filled in, you won’t even need your car when you shop online! You can choose to have your orders ready for
pick-up or have them delivered at your doorstep. Simple.
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5. Assured Product Quality and Freshness

Online shopping companies are obliged to provide the freshest produce and quality products available in the market. Products

in poor quality are subject to returns, refunds, or replacement.

6. From Store to Door Delivery

You’ll never have think of leaving your house anymore just to buy groceries. All you have to do is sit back, relax and wait for
your orders to arrive. Most online supermarkets would ask you to purchase your products 3-5 days ahead of desired delivery
date to ensure availability and quality.

5. Lessens Unnecessary Spending

Most grocers would always have a list of items to purchase that fits their budget. When we go to the store, we often come
across items that are so tempting to buy, cutting the budget we try to save. Oh, and don’t forget the food carts and stalls after
you pay for your groceries in the checkout counter!

ANALYSIS AND INTERPRETATION

USEAGE OF ONLINE SHOPPING

S.NO Online shopping No of Respondents Percentage
1 Yes 13 52
2 No 12 48
Total 25 100

The above table shows that 52 percent of the respondents have used online shopping and 48 percent of the respondents
have not used online shopping.

STATUS ABOUT ONLINE PURCHASE

S.NO Status No of Respondents Percentage
1 Very often 10 40
2 Sometimes 8 32
3 Rarely 7 28
Total 25 100

The above table shows that 40 percent of the respondents are very often to purchase from online, 32 percent of the
respondents sometimes purchase from online and 28 percent of the respondents are rarely to purchase from online.

DEVICE USED TO PURCHASE ONLINE

S.NO Device No of Respondents Percentage
1 Laptop 8 32
2 Smartphone 10 40
3 Tablet 7 28
Total 25 100

The above table shows that 40 percent of the respondents are purchase made through smartphone, 32 percent of the

respondents are purchase made through laptop and 28 percent of the respondents are purchase through tablet.

LEVEL OF SATISFACTION
S.NO Level of satisfaction No of Respondents Percentages
1 Highly satisfied 14 56
2 Satisfied 11 44
3 Unsatisfied - -
Total 25 100

The above table shows that 56 percent of the respondents are highly satisfied and 11 percent of the respondents are
satisfied for the eco friendly products.
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TYPES OF ONLINE STORE

S.NO Types of online store No of Respondents Percentage
1 Flipkart 9 36

2 Amazon 6 24

3 Snapdeal 5 20

4 Zomato 3 12

5 Jabong 2 8
Total 25 100

The above table shows that 36 percent of the respondents are select the flipkart online store, 24 percent of the respondents
are select amazon online store, 20 percent of the respondents are select snapdeal online store , 12 percent of the respondents

are select zomato online store and 8 percent of the respondents are select jabong online store.

PAYMENT METHOD USE FOR ONLINE SHOPPING

S.NO Payment method No of Respondents Percentage
1 Credit card 9 36
2 Debit card 3 12
3 Net banking 6 24
4 Cash on delivery (COD) 7 28
Total 25 100

The above table shows that 36 percent of the respondents use credit card for online payment, 28 percent of the respondents
are using cash on delivery(COD), 24 percent of the respondents use debit card for online payment and 12 percent of the

respondents are using net banking.

FACTORS INFLUENCING PURCHASE DECISION

S.NO Factors No of Respondents Percentage
1 Convenience 8 32

2 Quality of product 6 24

3 Better deal discount 4 16

4 Return policy 2 8

5 Recommendation from friends 2 8

6 Free samples 3 12
Total 25 100

The above table shows that 32 percent of the respondents says online grocery shopping is convenient, 24 percent of
the respondents says quality of product, 16 percent of the respondents says they gave better deal discount, 12 percent of the
respondents says they gave free samples and 8 percent of the respondents says recommendation from friends and return policy.

SAFE OF ONLINE SHOPPING

S.NO Online shopping No of Respondents Percentage
1 Safe 13 52
2 Unsafe 12 48
Total 25 100

The above table shows that 52 percent of the respondents says online shopping is safe and 48 percent of the respondents

says online shopping unsafe.

SPEND AMOUNT ON ONLINE STORE
S.NO Spend amount No of Respondents Percentage
1 Less than 1000 5 20
2 1000-3000 6 24
3 3000-5000 9 36
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4 5000-10000 3 12
5 More than 10000 2 8
Total 25 100

The above table shows that 36 percent of the respondents spend 3000-5000 rupees, 24 percent of the respondents spend
1000-3000 rupees, 20 percent of the respondents spend less than thousand, 12 percent of the respondents are spend 5000-
10000 rupees and 8 percent of the respondents spend more than 10000 rupees.

SUGGESTIONS

Companies should aware customers regarding how security regarding customers credit card no. is maintained by
companies

Companies should made aware customers regarding return policy and procedure if wrong or bad product arrived.
Companies should make returning procedure simpler, like few companies are asking customers to resend products
if any wrong or bad product arrived. Instead of these companies should collect product from customers and deliver
write product to them in minimum time.

Most of customers want to see product before purchase to make sure that same product arrived as per order. Most
of companies are not having this facility. If companies want to increase no. of customers they should provide this
facility because in manual purchase customers are getting chance to see and touch the product and this may be the
important reason behind customers first preference for manual shopping on regular basis.

in home and electronic appliances after sales service in very important aspect, companies should inform customers
regarding how to install and use the product or send company representative for installation very soon after delivery.
Companies should inform customers regarding nearest service station if any problem arrived in product. Majority of
customers are preferring manual shopping for home and electronic appliances in fear of after sales service.

CONCLUSION

The online grocery industry is one of the growing industries in India. Customers because they get access to the internet more
often and tend to buy things online always prefer to shop from the brands in the online that give them the best customer service
and satisfaction among other brands that the major reason for purchasing groceries online is saving of time and effort and
there are no time restrictions in shopping. The expectation of a customer while buying groceries online and in physical market
is totally different. Most of the respondents get to know about the brand from the Internet.
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Abstract

COVID-19 has become a pandemic, and any new drug for treating the disease could save millions of lives. Several
drugs already in use for other diseases and medical conditions are repurposed for treating COVID-19 in an attempt to
find treatment for the disease without spending research time on ADME TOX and other studies on side effects. In this
exercise, the drugs repurposed are from antiviral, antibiotics, antiviral for HIV and HCV, anti-cancer, natural medicines,
etc. Possible repurposing anti-diabetic GPR-120 agonists used as for SAR-CoV-2 is attempted in the study by carry-
ing out docking of 68 GPR-120 agonists. Ten of these compounds were found to have docking scores —8.3 to —8.0,
and the best docking score was observed for an arylsulfonamide and a biarylpropanoic acid belonging to GPR120
agonists previously evaluated for the treatment of type Il diabetes. These GPR120 agonists could serve as start point
for novel inhibitors for the discovery of drugs to treat COVID-19.

Background

After suffering from a devastating spell of COVID-19, the
world is slowly limping back to normalcy. This is one of
the pandemics that has a better public awareness owing
to the Internet and social media. As per the data reported
to WHO Globally, as of 14 October 2021, there have
been 239,007,759 confirmed cases of COVID-19, includ-
ing 4,871,841 deaths. As of 13 October 2021, a total of
6,471,051,151 vaccine doses have been administered
(https://covid19.who.int/ accessed on October 15, 2021).
The world is undergoing the largest vaccination program
to guard the people from any further spells of the deadly
virus.

In addition to the vaccines, the pharmaceutical com-
panies and the scientists in various organization are try-
ing to develop drugs to combat the SARS CoV-2. There
are several targets that could be explored to develop new
drugs for COVID-19 [1]. The therapeutic targets include
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both structural and non-structural proteins [2]. Some
of the targets considered to develop inhibitors are as
follows:

« Spike protein (S-protein) [3-5]

+ Angiotensin-converting enzyme-2 (ACE-2) [6, 7]

« Human proteases: Transmembrane protease, serine
2 (TMPRSS2) [7, 8], Furin [9], Papain like protease-2
(PLpro) [10-12] 3-chymotrypsin like protease
(3-CLpro) or the main protease M"™ [13]

+ Viral proteases (RNA-dependent RNA-polymerase
(RdRp) [14]

One of the steps taken by the scientific community to
combat the pandemic was to repurpose drugs already
known and in use. This provides a shortcut and reduces
the considerable amount of time spent on ADME Tox
studies and the burden on assessing the new drug
molecule’s therapeutic efficacy, side effects, and risks.
Several small molecules were considered [15]. The
repurposed drugs are usually broad-spectrum antivi-
rals that fall under the two therapeutic classes namely,
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protease inhibitor and nucleosides. Among the repur-
posed drugs favipiravir, remdesivir, molnupiravir,
galidesirvir, sobosbivir, and azivudine are examples of
nucleosides while boceprevir, narlaprevir, simeprevir,
and calpain inhibitors belong to protease inhibitors.

The race in finding an antiviral for COVID-19 was
given momentum by computer-aided drug design
approach, especially with the aid of docking software
such as Auto Dock and Schrédinger. Of the several tar-
gets mentioned above, the main protease (MF™) has
been the most explored for the development of inhibi-
tors. One of the main reasons for exploring the MP™
inhibitors is its important role played in the in the
replication and transcription of SARS CoV-2 [16]. The
main protease (M’™) is one of the proteins encoded
in SARS-CoV-2 genome and is a dimer of cystine pro-
tease. This is called the 3-chymotrypsin-like protease
(3-CLpro). MP™ presents a highly conserved active
site in several coronaviruses, such as SARS-CoV and
MERS-CoV. M"™ plays an important role in the cleav-
age of precursor polyproteins translated from viral
RNA, and no other human protease does have a simi-
lar cleavage specificity. This makes MF™ an attractive
target for developing inhibitors, and the inhibitor may
thus be non-toxic.

The development of inhibitors targeting the main
protease appears to have not left any stone unturned
and these repurposed molecules may be grouped into
(1) inhibitors of other CoV, (2) antiviral therapeutics of
human immunodeficiency virus (HIV), (3) anti-viral that
are being used in hepatitis C virus (HCV), (4) antima-
larial and other antivirals for influenza, (5) anti-bacterial,
(6) anti-cancer drugs, (7) Traditional Chinese medicines,
and (8) chemicals in traditional spices and other natural
compounds from marine origin.

Based on the action of the main protease, Yang et al.
has designed several inhibitors in 2005. The authors
found molecule N3 (number assigned by Yang et al. [17])
(see Fig. 1) as the most potent inhibitor of CoV. This mol-
ecule was studied by Jin et al. [13] for SARS CoV-2 and
from the results of docking study the authors proposed
that N3 binds in 3CL"™ binding pockets in an irreversible
manner, and they thus exhibited good inhibitory potency.
The 3CL"™ complex withN3 molecule was used to iden-
tify new inhibitors and one such molecule is ebselen [13,
18]. Ebselen, a drug used for the treatment of stroke con-
taining a selenium atom is repurposed for SARS-CoV-2.
Crystal structure of M"™ without any ligand bound to
the protein was reported by Zhang et al. [19] and Zhang
et al. [20] studied the binding affinity of alpha-ketamide
to 3CL"™ and identified three binding pockets in the pro-
tein. By varying the four substructures (marked as A, B,
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C, & D in Fig. 1), they obtained the best fitting into the
protein pockets from the inhibitory potency (Fig 1).

Calligari et al. [21] investigated thirteen proteinase
inhibitors that are used as antiviral for human immuno-
deficiency virus (HIV) and hepatitis C virus (HCV). The
ten anti-HIV drugs are saquinavir, indinavir, tipranavir,
ritonavir, lopinavir, atazanavir, nelfinavir, amprenavir,
darunavir, and fosamprenavir while the three anti-HCV
aresimeprevir, faldaprevir, and asunaprevir. Among these
simeprevir was found to have the highest docking score.
Lopinavir/ritonavir, coformulation is sold under the
brand name Kaletra as an antiretroviral medication for
the treatment and prevention of HIV/AIDS. Repurpos-
ing of Kaletra for SARS CoV-2 was found to be effective.
Nutho et al. [22] could explain the inhibitory efficacy of
Kaletra based on the docking studies of lopinavir and
ritonavir with 3CLP™, Chang et al. [23] showed that
indinavir binds with 3CLP™ stronger than lopinavir and
ritonavir and Calligari et al. [21] had also inferred this
in their study. Nelfinavir was identified to be a potential
inhibitor for CoV-2 from a docking that used 1903 can-
didates [24]. These authors went on to determine the
inhibitory potency of nelfinavir [25]. Atazanavir the HIV
antiviral was found to be a potential inhibitor of 3CLPro
[26], and its ability to inhibit SAR CoV-2 Vero cells was
studied by Fintelmen_Rodrigues et al. [27].

In addition to the three HCV drugs mentioned above,
ledipasvir and velpatsavir were reported by Chen in 2020
[28]. Li et al. [29] ended up with four molecules namely,
prulifloxacin, bictegravir, nelfinavir, and tegobuvir by
high through put screening of 8000 clinical drug librar-
ies based on the binding affinity with M"™. Khan et al.
[30] screened 123 antiviral drugs to identify inhibitors of
3CLPro as well as 2/-O-MTase (2’-O-ribose methyltrans-
ferase). Paritaprevir and Raltegravir were found to have
high binding affinity for 3CL"™.

Talluri [31] carried out virtual screening of several clin-
ically approved antiviral and the crystal structure of M"™
(PDB if 6LU7) and found saquinavir and beclabuvir as the
best protease inhibitor candidate SARS CoV-2 among the
compounds studied by them. Other anti-viral drugs that
had been tested for repurposing by molecular docking
and virtual screening include oseltamivir [32] and zan-
amivir [33].

Some of the antibiotics that have been identified to
be effective based on computer-aided virtual screening
are the quinoline antibiotic prulifloxacin [29], tetracy-
cline antibiotics eravacycline [34], and the polypeptide
antibiotic colistin [35]. Non-steroidal anti-inflamma-
tory drugs (NSAID) were also repurposed as potential
inhibitors of MPro [36] by docking studies. In a similar
study on NSAIDs, Gimeno et al. [37] identified Peram-
panel, Carprofen, Celecoxib, Alprazolam, Trovafloxacin,
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Sarafloxacin, and ethyl biscoumacetate as possible inhibi-
tors of M"™ by docking studies. The two compounds
namely, Carprofen, a NSAID no longer use in human
medicine but used for veterinary purpose, and Celecoxib
another NSAID and a COX-2 inhibitor, were subjected
to in vitro testing at 50 pM, and they showed 3.97% and
11.90% MP™ inhibition, respectively.

Dipyridamole (brand name Persantine) is a platelet
inhibitor and is used to prevent blood clots after heart
surgery was repurposed for CoV-2 by Liu et al. [38] and
the inhibitory potency (IC,,) was studied targeting

3CLP™®, Odhar et al. [39] studied the drug molecules from
US-FDA-approved drugs library from ZINC 5 database,
and from their docking on to the M™™ (PDB id 6LU?7),
they identified ten hits that included drug that are used
for cancer, epilepsy, and insomnia. The top ten hits based
on the docking score are Perampanel (epilepsy), conivap-
tan (hyponatremia), sonidegib (basal-cell carcinoma),
azelastine (allergy), idelalisib (leukemia and lymphoma),
suvorexant (insomnia) olaparib (ovarian, breast, and pan-
creatic cancers), ponatinib (leukemia), loxapine (schizo-
phrenia), and tolvaptan (hyponatremia). Wang et al. [34]
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in the computational drug repurposing study identified
carfilzomib (antineoplastic agent), valrubicin (chemo-
therapy drug), and elbasvir (antiviral for HCV) as inhibi-
tors based on the docking with M"™, in addition to the
antibiotic eravacycline.

Traditional Chinese medicine (TCM) and traditional
Indian medicines that fall under Ayurveda and Sidha
were used as immune boosters to fight against COVID-
19. Zhang et al. [19, 20] carried out docking studies
of about 100 constituents of the Lung-toxin Dispel-
ling Formula No. 1 (LDEN1) of TCM and found 22 of
these chemicals are inhibitors of 3CLP™. Of the several
chemicals, baicalin and baicalein were found to have
antiviral activities against 3CL"™ [40] with ECy, values
of 10.27 uM and 1.69 uM, respectively. Liu et al. [41]
studied the inhibitory activity of the ethanol extract of
the herbal plant Scutellaria baicalensis and its major
component, baicalein. They found that the plant extract
and the constituent baicalein inhibited SARS-CoV-2
3CLP™ activity in vitro with IC;, of 8.52 mg/mL and
0.39 mM, respectively. The replication of SARS-CoV-2
in Vero cells were inhibited with EC50s of 0.74 mg/
ml and 2.9 mM, respectively. In their study on screen-
ing several natural compounds that are constituents of
TCM, Zhang et al. [19] and Zhang et al. [20] identified
betulinic acid, coumaroyltyramine, cryptotanshinone,
desmethoxyreserpine, dihomo-y-linolenic acid, kaemp-
ferol, lignan, N-cis-feruloyltyramine, quercetin, sugiol,
and tanshinoneiia to inhibit 3CLP™. Cherrak et al. [42]
studied several glycosylated flavonoids by docking them
on the M"™ (6LU7) and identified quercetin-3-O-rham-
noside to have the highest binding affinity. Myricetin
3-rtinoside and rutin were also identified as potential
inhibitors of 3CL™, and the binding affinities of these
three compounds were greater than that of N3 with
3CL"™. Shivanika et al. [43] carried out docking stud-
ies of several natural products that have been used as
antiviral on to 6LU7 the 3CLPro protein structure and
found theaflavin-3-3’-digallate, rutin, hypericin, robust-
aflavone, and (-)-solenolide as the compounds with
highest binding energy. It might be noted that identifi-
cation of rutin as a potential inhibitor is independently
confirmed by two groups. Bhaliya and Shah [44] car-
ried out docking studies of mono-carbonyl analogs of
curcumin with 3CLPro and found one of the curcumin
analogs was found to have potential to be used as an
inhibitor. Joshi et al. [45] screened a library of ~7100
molecules that comprises of flavonoids, glucosinolates,
anti-tussive, anti-influenza, anti-viral, terpenes, ter-
penoids, alkaloids, and other compounds predicted as
potential therapeutic candidates against M’™. Mol-
ecules such as &-viniferin, myricitrin, taiwanhomo-
flavone A, lactucopicrin 15-oxalate, nympholide A,
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afzelin, biorobin, hesperidin, and phyllaemblicin B were
found to bind strongly with M and hence suggested
as potential inhibitors. Andrographolide a natural com-
pound from Andrographis paniculata was studied [46]
via docking on to MPro, and the in silico studies on
ADME and toxicity prediction were also carried out.
The molecule was predicted to have good solubility.
Ramaiah et al. [47] studied the binding of natural mole-
cules that are present in Indian spices and curry against
MPro (6LU7). A similar study identified [48] carnosol
a natural molecule as an inhibitor by docking studies
using the protein structure PDBID: 6Y84, MPro. Bioac-
tive compounds in medicinal plants were screened as
potential MPro inhibitors [49] and natural compounds
such as kaempferol, quercetin, luteolin-7-glucoside,
demethoxycurcumin, naringenin, apigenin-7-glucoside,
oleuropein, curcumin, catechin, and epicatechin-gallate
as potential molecules for further exploration.

According to the latest report of the pharmaceutical
company Merck, molnupiravir pills are able to reduce the
hospitalization and deaths of people affected by COVID-
19 [50]. They reported the results of Phase 2a trial (Clini
calTrials.govNCT04405570) in which safety, tolerability,
and antiviral efficacy of molnupiravir in the treatment of
COVID-19. Merck applied on October 11, 2021, for US-
FDA emergency use authorization for the molnupiravir
based-oral antiviral pill for COVID-19. This will not stop
the hunt for new inhibitors, and the search for new mol-
ecules will continue.

In one of the studies of repurposing drugs [51], vir-
tually screened 1615 FDA approved drugs by docking
each of them on to MPro and then refined the selection
by employing molecular dynamics to identify nine com-
pounds. The nine drugs selected as potential inhibitors
vary from vasoconstrictor to microscopy dye. The poten-
tial inhibitors identified and their original use are:

. Dihydroergotamine: vasoconstrictor

. Midostaurin: treatment of acute myeloid leukemia

. Ziprasidone: antipsychotic

. Etoposide: antineoplastic

. Apixaban: used to reduce the risk of stroke and blood

clots

. Fluorescein: a dye used in microscopy

. Tadalafil: used to treat erectile dysfunction (ED),

benign prostatic hyperplasia (BPH), and pulmonary
arterial hypertension)

8. Rolapitant: used along with an antiemetic (anti-vom-
iting) agent in adults for the prevention of delayed
nausea and vomiting associated with initial and
repeat courses of emetogenic cancer chemotherapy

9. Palbociclib: used to treat HR-positive and HER2-neg-

ative breast cancer

DU W N~
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The above discussion indicates that repurposing of
drugs belonging to different classes have been evaluated
for CoV-2. Human GPR120 is a transmembrane pro-
tein, characterized by the interactions with the endog-
enous ligand linoleic acid and docosahexaenoic acid.
Apart from the key role played by GPR 120 in diabe-
tes, it is also involved in many other disease conditions,
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including cancer, inflammation, and central nervous sys-
tem (CNS) disorders. GPR 120 presents itself in many
metabolic pathways, and its pivotal role in controling
obesity and diabetes is worth mentioning. Using gene
knockdown studies, GPR120 has been shown to induce
chemoresistance in breast cancer treatment with epiru-
bicin and cisplatin-highlighting the relevance of GPR 120
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antagonists for chemotherapy [52]. Further, Toelzer et al.
recently identified a linoleic acid binding pocket in the
SARS-CoV-2 spike protein which prompted us to look
for alternate drugs for binding with COVID-19 MUPro.
The present study reports the results of docking studies
carried out using G-protein-coupled receptor (GPR) ago-
nists against the MPro to identify any potential inhibitor
of SARS CoV-2.

Methods

Auto Dock 4.2.6 was used to perform docking study.
Chemical structures were drawn using Chemoffice
2002. Three-dimensional structures of proteins were
downloaded from protein data bank (PDB id: 6LU7)
(https://www.rcsb.org/).

Protein preparation
The protein was prepared for docking process according
to the standard protein preparation procedure integrated
in Accelry’s Discovery Studio 4 which is shown in the
flow chart (Fig. 2a).

Ligand 2D structures were drawn using ChemDraw
Ultra 8.0 (ChemOffice 2002) and converted into 3D
structure using chem3D Ultra 8.0. The 68 molecules were
used as ligands, and each one of them was docked on to
the crystal structure of M"™ with PDB id 6LU7. The pro-
cedure for ligand preparation and docking is given as a
flow chart in Fig.2a, b. Docking scores were obtained to
understand any inhibitory potential of the 68 GPR120
agonists.

Zhang and Macielag [53] discussed the patented GPR
120 agonists for the treatment of diabetes. They reviewed
the therapeutic patents of ten different classes of com-
pounds that amounted to 68 therapeutic molecules. The
68 GPR-120 agonists collected by the authors from differ-
ent patents and journals are grouped into ten classes. The
ten classes and the number assigned in this paper along
with abbreviation are given below:

1. Natural GPR 120 agonists and early synthetic GPR
120 agonists (1-9)

2. Bi-aryl-based phenyl propionic acid derivatives as
GPR 120 agonists (BiAr-PPA 10-14)

3. Cycloalkenyl and heterocycloalkenyl-based phe-
nyl propionic acid derivatives (CycA_Hcyc--PPA
15-23)

4. Dihydrobenzofuran derivatives (Metabolex) and
benzo-fused heterocyclic derivatives (Metabolex
24 and Jansesen 25-27)

5. Chemcial scaffolds claimed by Merck (Merck
28-35)

6. Various carboxylic acid scaffolds claimed by Bris-
tol-Meyers Squibb (BMS 36-45)
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7. Patented structures by Piramal Enterprises Limited
(PEL 46-52

8. Other carboxylic acid-based GPR 120 agonists
(Calden (53-54; LG 55-59; Ajinamoto 60; DOMPE
61-62)

9. Non-acid-containing  structures
AXXAM (AXXAM 63-65)

10. GPR120 agonists/antagonists in the peer-reviewed
journals (GSK 65; U of B 66; GSK 67; Ch Pharm U
68).

claimed by

Different classes of these 68 molecules are patented
as GPR120 agonists to treat type-2 diabetes by various
pharmaceutical companies namely, Janssen Pharmaceu-
tica NV, Merck Sharp & Dohme Corp., Bristol Myers
Squibb, Piramal Enterprises Limited, Caldan Therapeu-
tics Limited, LG Life Sciences Ltd., Ajinomoto Company,
Accepted Manuscript Inc., Dompe’ Farmaceutici S.PA.,
and AXXAM S. P. A. Structures of these compounds with
their abbreviated id number used in this paper are given
in Table 1.

Results and discussions
Binding scores for each of the 68 ligands are listed in
Table 1 along with their molecular structures. Docking
images each of the ligands in MPro (PDB ID 6LU7) are
given in the Supplementary material while the ligands
with best scores (> —8.0) are given in Fig. 3. The type
of docking interaction for these ligands are presented in
Table 2. Some of the ligands are having a docking score
of > —8.0. The lowest value is —8.3 for the molecule with
id GSK (65). This is a sulfonamide patented by GlaxoS-
mithKline as a selective antagonist against free fatty acid
4 (FFA4/GPR120) [54, 55] and to be used with the ago-
nist GSK 137647A which is also a sulfonamide (id in this
paper GSK137647A(8)). The compound with binding
score —8.2 is a biaryl-based phenylpropanoic acid (13))
[56] patented by Janssen Pharmaceutica [57]. The com-
pound 17 with binding score —8.0 is also phenylpropa-
noic acid derivative namely, cyclohexenyl-based phenyl
propionic acid [58]. Three of the other compounds 47, 48,
and 52, with binding score —8.0 are patented by Piramal
Enterprises Limited as GPR120 agonists [47, 59-61] and
phenylbutanoic acid with biarylsubstituent wherein one
of the aryl groups is a heterocyclic or fused heterocyclic
system. Cyclopropane carboxylic acid derivative with a
phnoxybiphenyl substituent 40 is also found to have a
binding score 8.0. This molecule is patented by Bristol-
Meyers Squibb Company [62] as GPR120 modulators
useful for treatment of diabetes and related diseases.
Based on the binding score of the top 10 compounds
investigated here, their role in blocking the binding
site through Glu 166 and Cys 145 could be considered
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relevant for their potential role as novel ligands for
Sars-COVID-19 virus protein. The observation that
Remdesivir, Nelfinavir, and other antiviral compounds
show similar interaction support our inference [63-65].
Additional support for such a claim has been found in
the paper describing docking study of metocurine with
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M-Pro 6LUZ that indicate the drug occupies the binding
site [66]. The important residues observed in the dock-
ing study of our GPR120 agonists as well as the above
molecules studied by others including that of chlorquine
[61] highlight the role of NH, COOH groups in mani-
festing pi bond formation with Glu 166 and aromatic pi

Table 1 GPR120 agonists, ligand ids (used in this paper), docking scores, and molecular structures

Ligand id Docki Structure
ng

Score

DHA (1) -5.6
; HiC LS NN A
(3E,6E,9E, 12E,15E, 18E)-henicosa- NI
3,6,9,12,15,18-hexaenoic acid
ALA (2) —4.6 o
Alpha linoleic acid He™ = OH
X
EPA (3) =5.7 o
S o
Eicoasa pentanoic acid AN Ok
Grifolic acid (4) —-6.4
Grifolic acid methyl ether (5) -5.6 CHs
HiCTX)  CH, CHs, OH O
N N oH
H,CO CHj,
GW9508 (6) -7.3 0
4-(3-Phenoxybenzylamino)phenyl- /@A)A\OH
propionic acid o N
OReR:
NCG21 (7) —-6.9
4-(4-(2-(phenyl(pyridin-2- 7\
. . . N O
yl)amino)ethoxy)phenyl)butanoic acid =N
OH
O
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Table 1 (continued)

GSK137647A —6.4 OCHj;
8
®) CHs |,
N-mesityl-4-methoxybenzenesulfonamide N. g
o

HsC CHs
TUG891 (9) —6.8 CHs
3-(4-((4-fluoro-4'-methyl-[ 1,1'-biphenyl]- O

2-yl)methoxy)phenyl)propanoic acid

BiAr-PPA (10) -7.9 Cl
3-(4-((3-(4-chlorophenyl)-5-
(trifluoromethyl)isoxazol-4-

yl)methoxy)phenyl)propanoic acid

BiAr-PPA (11) —7.4
3-(4-((3-(4-ethylphenyl)-5-
(trifluoromethyl)isoxazol-4-

yl)methoxy)phenyl)propanoic acid

BiAr-PPA (12) -7.5 Cl
Fulld Y

3-(4-((3-(5-chloro-2-fluorophenyl)-5- _ J)
(trifluoromethyl)isothiazol-4-yl)methoxy)- q-N —‘T“'I F

. . . - N -
3,5-difluorophenyl)propanoic acid '\'r"' el | =

F"-'C - e
F ~""COH

BiAr-PPA (13) —-8.2 cl

3-(4-((4-(4-chlorophenyl)-2-

(trifluoromethyl)thiophen-3-yl)methoxy)- S O:@\A
3,5-difl henyl)propanoic acid C
ifluorophenyl)prop Fa o
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BiAr-PPA (14) =71 cl
3-(4-((1-(4-chlorophenyl)-3-(trifluoromethyl)-1H-¢ NQ .
QVO:@\A
FaC F CO,H
CycA_Hcyc-PPA (15) —5.6
3-(2,3-dimethyl-4-((2-(p-tolyl)cyclopent-1-
en-1-yl)methoxy)phenyl)propanoic acid " CHy
\ 0\@/\
CycA_ Hcyc--PPA (16) -7.9 c!
3-(4-((2-(4-chlorophenyl)-4,4- AL o
difluorocyclopent-1-en-1-yl)methoxy)-2,3- > ° é
dimethylphenyl)propanoic acid F
CycA Hcyc--PPA (17) —-8.0 HO,C F .
o
3-(4-((4'-chloro-4,4-difluoro-3,4,5,6- Q '
. HsC CHj
tetrahydro-[1,1'-biphenyl]-2-yl)methoxy)-
2,3-dimethylphenyl)propanoic acid O
Cl
CycA Hcyc--PPA (18) =75 cl
3-(4-((2-(4-chlorophenyl)cyclohept-1-en- Q
CO,H
1-yl)methoxy)-2,3- ‘ OQJ
dimethylphenyl)propanoic acid HsC  CHs
CycA_Hcyc--PPA (19) -7.3 CF3

3-(4-([1,1'-bi(cyclopentane)]-1,2'-dien-2-
ylmethoxy)-2-
(trifluoromethyl)phenyl)propanoic acid

/©/VC02H
o
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Table 1 (continued)

CycA_Hcyc--PPA (20 -7.2 CFs3
CO,H
3-(4-((2-isopropylcyclohex-1-en-1- O—@J

yl)methoxy)-2-

(trifluoromethyl)phenyl)propanoic acid

CycA_Hcyc--PPA (21) —7.8 (|
3-(4-((4-(4-chlorophenyl)-5,6-dihydro-2H-
pyran-3-yl)methoxy)-2,3-
dimethylphenyl)propanoic acid

CycA_Hcyc--PPA (22) —6.8
3-(4-((4-(1-phenylvinyl)-5,6-dihydro-2H-
pyran-3-yl)methoxy)-2-
(trifluoromethyl)phenyl)propanoic acid

CycA Hcyc--PPA (23) =7.7
3-(4-((4-(cyclopent-2-en-1-yl)-5,6-

dihydro-2H-pyran-3-yl)methoxy)-2-
(trifluoromethyl)phenyl)propanoic acid

Metabolex (24) —76

3-(4-((5-fluoro-2,2-dimethyl-2,3- 0 H3C co,
o H

dihydrobenzofuran-7- o \

yl)methoxy)phenyl)propanoic acid £

Janssen (25) -7.3 CHs
3-(4-((5-chloro-2,6-dimethylbenzofuran-7- e CO,H
yl)methoxy)-2,3-
dimethylphenyl)propanoic acid
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Janssen (26)
3-(4-((5-chloro-2-ethylbenzofuran-7-
yl)methoxy)-2,3-
dimethylphenyl)propanoic acid

—74

CoHs
H,C  CH

3
e CO.H
o)

Cl

Janssen (27)
3-(4-((6-chloro-2-methylbenzo[d]thiazol-
4-yl)methoxy)-2,3-
dimethylphenyl)propanoic acid

=7.0

CHs
P HsC  CH,

SN CO,H
:( 0

Cl

Merck (28)
2-(3-(2-chloro-5-
(trifluoromethoxy)phenyl)-3-

azaspiro[5.5]Jundecan-9-yl)acetic acid

=17.7

Cl

HO,C LOCNQ

O_CF3

Merck (29)
3-(8-(5-cyclobutoxy-2-fluoro-4-
methoxyphenyl)-8-azaspiro[4.5]decan-2-

yl)propanoic acid

=7.1

Merck (30)
3-(2-(3-chloro-2-fluoro-5-((5-
methylthiazol-2-yl)oxy)phenyl)-5-fluoro-
1,2,3,4-tetrahydroisoquinolin-6-

yl)propanoic acid

=73

Merck (31)
3-(2-(6-cyclobutoxy-3-fluoro-4-
methoxypyridin-2-yl)-5-fluoro-1,2,3,4-

tetrahydroisoquinolin-6-yl)propanoic acid

=7.5
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Merck (32)
3-(5-(2-fluoro-5-
(trifluoromethoxy)phenyl)benzofuran-2-

yl)propanoic acid

=73

94
FsCO CO,H
(@)

Merck (33)
3-((R)-6-(2,3-difluoro-5-((1r,3R)-3-
methoxycyclobutoxy)phenyl)chroman-2-

yl)propanoic acid

=73

FF O W
o
@o’ -

HyCOr

Merck (34)
5-(5-((1s,3s)-3-(4-(difluoromethyl)-3-
fluorophenyl)cyclobutoxy)pyrazin-2-

yl)isoxazol-3-ol

=79

CHF,

Merck (35)
5-(6-((1s,3s)-3-
(phenoxymethyl)cyclobutoxy)pyridin-3-

yl)isoxazol-3-ol

=7.6

BMS (36)
2-(4-((1R,3S)-3-(2-fluoro-3-
methylphenoxy)cyclohexyl)phenethoxy)ac

etic acid

=73

BMS (37)
2-(4-(3-
phenoxycycloheptyl)phenethoxy)acetic

acid

=7.1
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BMS (38)
(S)-5-(4-(3-phenoxypyrrolidin-1-
yl)phenyl)pentanoic acid

—6.7

s

BMS (39)
(1S,2R)-2-(4-((R)-3-phenoxypiperidin-1-
yl)phenethyl)cyclopropane-1-carboxylic

acid

=73

OO~ Vo

BMS (40)
(1R,2R)-2-(((2',3,3'-trifluoro-5'-(3-
fluorophenoxy)-[1,1'-biphenyl]-4-
yl)oxy)methyl)cyclopropane-1-carboxylic

acid

—-8.0

BMS (41)
2-((1s,3s)-3-(2'-fluoro-5'-phenoxy-[1,1'-
biphenyl]-4-yl)cyclobutoxy)acetic acid

=75

BMS (42)

2-(((1r,4r)-4-((3-fluoro-5-
phenoxybenzyl)oxy)bicyclo[2.2.1]heptan-
1-yl)methoxy)acetic acid

=73
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Table 1 (continued)
BMS (43) —7.8

0]
(1S,2R)-2-(((1s,4R)-4-((3-fluoro-5- JL OH

phenoxybenzyl)oxy)bicyclo[2.2.1]heptan- Llé

1-yl)methyl)cyclopropane-1-carboxylic 0o
acid /gj\
L,
BMS (44) -7.9 CO,H
3-(4-((3-fluoro-5-
phenoxybenzyl)oxy)bicyclo[2.2.2]octan-1-
yl)propanoic acid ©
K ) F
COH

BMS (45) =73
3-(4-((5-chloro-2,2-dimethyl-2,3-
dihydrobenzofuran-7-

yl)methoxy)bicyclo[2.2.2]octan-1- 0
yl)propanoic acid H3C><Oji5\

HsC cl
PEL (46) —7.6
4-(4-(5-fluoro-2-(4,5,6,7- T
tetrahydrobenzo[d]thiazol-2- ‘ N
yl)phenethyl)phenyl)butanoic acid F O CO,H
PEL (47) —8.0

4-(4-(1,1-difluoro-2-(5-fluoro-2-(5-
methoxypyridin-2-
yl)phenyl)ethyl)phenyl)butanoic acid
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PEL (48)
4-(4-(5-fluoro-2-(5-(1-
methylcyclopropyl)thiophen-2-
yDstyryl)phenyl)butanoic acid

—8.0

PEL (49)
4-(4-((2-(5-cyclopropylthiophen-2-yl1)-5-
fluorophenyl)ethynyl)phenyl)butanoic acid

—7.4

PEL (50)
4-(4-((2-(5,6,7,8-tetrahydronaphthalen-1-
ylcyclohex-1-en-1-
yl)methoxy)phenyl)butanoic acid

=75

PEL (51)
4-(4-((2-(o-tolyl)cyclopent-1-en-1-
yl)methoxy)phenyl)butanoic acid

—6.0

CO,H

PEL (52)
4-(2-(2-(5-cyclopropylthiophen-2-y1)-4-
fluorophenyl)benzofuran-5-yl)butanoic

acid

—-8.0

Calden (53)
3-(2-(5-cyclobutoxy-2,3-difluorophenyl)-
1,2,3,4-tetrahydroisoquinolin-6-

yl)propanoic acid

—7.6
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Calden(54)

3-(3-(2-fluoro-5-
(trifluoromethoxy)phenyl)-2,3,4,5-
tetrahydro-1H-benzo[d]azepin-7-

yl)propanoic acid

=7.0

HO,C

N :©/00F3
F

LG (55)
4-((2'-(cyclobutylmethoxy)-3,5-difluoro-
[1,1'-biphenyl]-4-yl)oxy)butanoic acid

=7.1

LG (56)
4-((2'-cyclobutoxy-[1,1'-biphenyl]-4-
yl)thio)butanoic acid

—6.6

F
mo O O0._~_-CO,H
S

5

LG (57)
3-(6-(2-(isopropylthio)pyridin-3-
yl)quinolin-2-yl)propanoic acid

—6.8

NS
HO,C N

LG (58)
3-(6-(2-(cyclopentyloxy)pyridin-3-

yl)chroman-2-yl)propanoic acid

=75

HO,C o)

LG (59)
3-(4-((2-(isopropylthio)pyridin-3-
yl)methoxy)-2,3-
dimethylphenyl)propanoic acid

—6.8

CHs
HsC—
s

N 0
7\ CO,H

HsC CHj

Ajinamoto (60)
(Z)-3-(3-chloro-4-((3,7-dimethylocta-2,6-
dien-1-yl)oxy)phenyl)propanoic acid

—6.8

CHj
HaC™ ™%
CO,H
HsC NS O/Q/v
Cl
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Table 1 (continued)
DOMPE (61) —6.8 HsC

H
7-(3-(N-(2,6-dimethyl-4- N
%o CFs

(trifluoromethyl)phenyl)sulfamoyl)phenyl) HsC

ic aci HQ
heptanoic acid e

DOMPE (62) —6.4 .
7-(3-(N-(2,6-dimethyl-4-(2- FOa 8 g -
(methylsulfonyl)ethoxy)phenyl)sulfamoyl) ey . -
phenyl)heptanoic acid
AXXAM (63) =72 H3G CN
1-cyclopentyl-5-((2,6-difluoro-4-(3- N?/LO F
hydroxypropyl)phenoxy)methyl)-3- N j@vaH
methyl-1H-pyrazole-4-carbonitrile @ F

AXXAM (64) —74 H,C._ CN F

5-((2,6-difluoro-4-(3- M\/O

hydroxypropyl)phenoxy)methyl)-3- E

methyl-1-(5-methylpyridin-2-yl)-1H- [

pyrazole-4-carbonitrile

GSK (65) —8.3 HsC
4-methyl-N-(9H-xanthen-9- \©\ S//O

yl)benzenesulfonamide HN
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Uof B (66) =7.7 F
2-(3-fluoro-5-(pyridin-2-yloxy)phenyl)- @E\
2,3-dihydrobenzo[d]isothiazole 1,1- 730 o N=

. W
dioxide
GSK (67) -7.1 HsC,

OCH;

3-(4-((2-methoxy-5- 061
(trifluoromethyl)benzyl)oxy)-3- COH
methylphenyl)propanoic acid FsC
ChPharmU (68) -7.3 R F F
4-((2'3,3',5-tetrafluoro-5'-((11,3r)-3- Q O o
methoxycyclobutoxy)-[1,1'-biphenyl]-4- HaCO" i) d . \_\\COZH
yl)oxy)butanoic acid

interaction with Cys 145, respectively. Dock score for the
reference compounds (Fig. 3i-1) evaluated along with the
GPR120 agonists ALPHA KETOMIDE (—7.4), LOPINA-
VIR (—7.9), SHIKONIN (—7.0), and TIDEGLUSIB (—8.0)
indicate the interactions with Glu 166 and Cys 145 are
present in these drugs also.

Compounds 13, 16, 17, 44, and 50 identified with high
dock score are hydrophobic compounds having thio-
phenyl, cyclopentenyl, cyclohexenyl, norbornyl, and
cyclopentenyl groups along with a phenylpropanoic acid
function. Compound 40 is a phenoxyphenyl ether having
a cyclopropropane carboxylic acid group while 34 has an
isoxazolyl and pryrimidine compound with difluorometh-
ane function. Compound 65 is a tricyclic compound hav-
ing arylsulfonamide function. Compounds 13 and 52
are highly lipophilic having a log P value of 7.1 and 6.25,
respectively, that might require vigorous optimization to
make them orally available. On the other hand, linoleic
acid has a log P value of 5.65 while that of LOPINAVIR is
4.56 and the value is 4.86 for TIDEGLUSIB. Hosseini et al.
screened several classes of drugs and identified inhibitors

for SARS-CoV-2 MPro and highlighted H bond interac-
tions with Thr 26, Phe 140, Gly 143, Glu 166, and Gln 189
in addition to pi stacking interaction through His 140 as
key contributors for receptor binding [67]. Our GPR 120
agonists, 40, 47, and 65 revealed H bonding interaction
with Glu 189 in the docking against MPro while hydro-
phobic interactions with His 41, Met 165, and Glu 166
were shown by compounds 40, 48, 52, and 65. Fluvasta-
tin on the other hand was found to interact with Thr 26
and Gly 143 by Maryam et al.,, and a similar interaction
was observed in our compound 40, which also interacted
with Glu 166 and Cys 145. Compounds 65 and 34 have a
log P value of 4.45 and 3.26, respectively, indicating that
they might have a good oral bioavailability, although they
require further optimization. The comparison of topologi-
cal polar surface area (TPSA) of the compounds evaluated
show that only compound 34 has a TPSA value above 75,
whereas the reference compounds have TPSA of 120 for
lopinavir, a-ketoamide has a value of 113. This suggests
that compounds 34 and 40 could be used as start points,
and further optimizations could result in finding a drug

(See figure on next page.)

Fig. 3 a GSK (65); Docking score —8.3. b BiAr-PPA (13); Docking score —8.2. ¢ CycA_Hcyc--PPA (17); Docking score —8.0. d Merck (34); Docking score
—7.9. @ BMS (40); Docking score —8.0. f. PML (47); Docking score —8.0. g PML (48); Docking score —8.0. h PML (52); Docking score —8.0. Docking

of the ligands onto MPro (6L.U7). Docking images of ligands with docking score > —7.9 are given (for other ligands please see Supplementary
Information); i ALPHA KETOMIDE = -7.4; j LOPINAVIR = -7.9; k SHIKONIN = -7.0; I TIDEGLUSIB = -8.0
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1 ALPHA KETOMIDE =-7.4

k SHIKONIN = -7.0

£, ML (47); Docking score 8.0

Fig. 3 (See legend on previous page.)

l TIDEGLUSIB = -8.0
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Table 2 Docking interactions for the ligands with docking score > —8.0

Ligand id Docking score Docking details
Conventional H-bond Alkyl and pi-alkyl others
GSK (65) —83 GLN:189, GLU:166 MET:49 CYS:145 (Pi-donor hydrogen bond)
BiAr-PPA (13) —82 THR:24, SER:46, GLY:143 MET:49, CYS:145 MET:49 (Pi-sigma) THR:26, LEU:141, ASN:142 (Halogen)
CycA_Hcyc-PPA (17) —80 TYR:54 CYS:145, MET:165  PHE:140, LEU:141, ASN:142, GLU:166 (Halogen)
Merck (34) —-79 Asp 187, Tyr 54, His 164, His 41 Cys 145, Leu 27
BMS (40) —-80 THR:25,26, GLY:143, SER:144, CYS:145, MET:165  GLN:189, CYS:145 (carbon hydrogen bond); GLY:143 (Pi-
CYS:145, HIS:163 GLN:189, donor hydrogen bond); LEU:141, ARG:188 (Halogen)
GLU:166
PEL (47) —-80 SER:46, CYS:145, HIS: 164 MET:49 THR:24 (unfavorable acceptor-acceptor); MET:49 (Pi-
sigma)
LEU:141, PHE:140 (carbon hydrogen bond); GLN:189,
ASP:187 (Halogen)
PEL (48) —-80 THR:45 HIS:41, MET:49, HIS:163 (Pi-cation); SER:46 (unfavorable donor-donor);
CYS:145, MET:165  PHE:140, LEU:141 (Halogen)
PEL (52) —-80 HIS:41, CYS:145 MET:49, MET:165  MET:49 (Pi-sigma); CYS:145 (Pi-sulfur); ARG:188 (Halogen)

for Sars-COVID-19. Compound 34 possesses a hydroxyl
isoxazole group that would mimic COOH function and
also the presence of polar heterocyclic ring providing
it an ideal choice to improve its physicochemical char-
acteristics. The compound 34 is in fact well anchored
through H-bonded interactions, Pi interactions as shown
in Fig. 3d. Similar to compound 40, having a cyclopropane
carboxylic acid function could be optimized further to
refine its log P to make this eligible as a lead compound.
Obviously the GPR 120 agonists, designed as agonists for
free fatty acid receptors, have functional groups and lipo-
philic characters designed for their receptor need to be
tweaked to suit the binding interactions with MPro. These
compounds identified through the present study are func-
tionally similar to linoleic acid, a free fatty acid that has
been found to occupy the binding pocket of spike protein
in SARS-CoV-2 [68]. Comparing the free fatty acid, lin-
oleic acid, the GPR 120 agonists identified herein possess
several beneficial physicochemical properties in terms of
favourable log P values and topological polar surface area,
making them suitable for oral administration (Fig. 2c).

Toxicity prediction for compound 34, using online
tool “protox_II,” indicates that the molecule is safe for
all the targets except showing carcinogenicity and hepa-
totoxicity of 0.51 and 0.64, respectively, further requir-
ing structural modification. This compound also has
an LD 50 value of 300 mg/kg and falls under predicted
toxicity class 3, indicating it is only slightly toxic and
slightly irritating.

Conclusions

The present data supports the possibility of repurpos-
ing free fatty acid GPR 120 receptor agonists as poten-
tial inhibitors of Sars-COVID-19 M-Pro protein. Based

on docking score and key interactions with the amino
acid residues in the target protein, compound 34 could
be used as a lead compound. The presence of COOH
mimicking hydroxyl isoxazole group could provide nec-
essary drug-like property in addition to maintaining
H-bond and pi interactions with the receptor. Favorable
logP and available physicochemical and toxicity data
of compound 34 could shorten the drug development
time to position the compound as an early lead candi-
date to overcome the hurdles in identifying therapeutic
drugs in coronavirus infection.
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Chemical Constitution, In-silico Molecular Docking Studies and Antibacterial

Activity of Flower Essential Oil of Artabotrys hexapetalus
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ABSTRACT

The isolation of the volatile constituents from the flowers of Artabotrys hexapetalus was carried out using a simple
headspace solvent-trapping technique and identified by GC-MS analysis. The major compounds are ethyl acetate
53.6%, isobutyl acetate (29.4%) and ethyl benzoate (14.2%). The odour of the solution obtained from this method
was found to be similar to that of the fresh flowers. Further the essential oil from A. hexapetalus was obtained for the
first time from India by hydro distillation using a Clevenger type apparatus and analysed by GC-MS. The plant yielded
1.26%, of the essential oils from the flower. The analysis lead to the identification of 28 compounds representing
96.17% of the total oil. The essential oil consists of predominantly oxygenated sesquiterpenes (51.91%) followed by
sesquiterpenes (43.31%) and small quantities of monoterpenes (1.24%) and other compounds (1.34%). The main
constituents of the essential oil obtained from the flowers of A.hexapetalus are B-caryophyllene (18.69%),
caryophyllene oxide (14.54%), cubenol (12.53%) and ledol (11.5%). The essential oil showed antibacterial activity
against bacterial strains Streptococcus pneumonia, Staphylococcus aureus, Streptococcus pyogenes and
Pseudomonas aeruginosa exhibiting a zone of inhibition of 16.4, 15.7, 17.5 and 14.5 mm and MIC value of 2.5, 5.0,
2.5, 5.0 mg/ml respectively. Molecular docking analysis indicated that the essential oil constituents are nucleic acid
and cell wall synthesis inhibitors. So it is worth to include this in cosmetics and fragrances.

Keywords: Artabotrys hexapetalus, essential oil, GC-MS, sesquiterpenes, 3-caryophyllene, antibacterial, docking.

1. INTRODUCTION

Artabotrys species are traditionally used for a wide
range of diseases like cholera, scrofula and malaria. The
fruits and leaves of Artabotrys species are utilized as
animal feeds, predominantly for goats, chimpanzees and
cattle *. Due to the fragrance of the flowers of Artabotrys
species, they are used as flavouring agents, in the
manufacture of perfumes and for making stimulating tea-
like beverages. Boiled juice of flowers is a stimulating
beverage and used to treat vomiting, biliousness, blood
diseases, heart and bladder disorders, itching and

*Corresponding author: S. Ravi
ravisubban@rediffmail.com

Received: 9/10/2020  Accepted: 20/1/2022.
DOI: https://doi.org/10.35516/jips.v1513.408

leucoderma?. They are used in the treatment of bad breath,
headache, sweating, and thirst and also used as
cardiotonic®*. A. hehapetalus has numerous activities such
as antispermatogenic, antiandrogenic, antioxidant,
antimicrobial, and antidenaturation of  protein,
antiproteinase and anti-inflammatory.

The flowers from A. hexapetalus (Fig 1) have a sweet
and fresh odour and however it was investigated only once
from Thailand® to identify the volatile compounds
responsible for its odour and from Vietnam to study the
chemical composition of the essential oil®. To our
knowledge we are investigating for the first time to identify
these compounds from India. The sweet and fresh smell
from this flower comes only between 5 to 8 a.m. in the
morning and 6 to 8 p.m. in the evening®. It means that the
compounds responsible for this odour from the flower are

- - ©2022 DSR Publishers/The University of Jordan. All Rights Reserved.
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released only within this period of time. Therefore, it is
important that the onsite sampling and preconcentration
steps are to be focussed in order to identify the volatile
constituents of the flowers from A. hexapetalus. Thus the
objective of the present work is to identify the chemical
composition of the essential oil from flowers of A.
hexapetalus after giving due importance to the onsite
sampling and precondition step. Further another objective of
the present work is to investigate the antimicrobial activity
of the essential oil obtained from A. hexapetalus and to find
a mechanism of the action of antimicrobial activity by
molecular docking study. Several drugs that are currently
available to the public for the treatment of different diseases
have been developed based on in silico approaches. For
example, Zanamivir, used to treat influenza, was developed
using computer-assisted design’ [A]. Nelfinavir and
Saquinavar are used in the treatment of HIV and were also
developed by computational methods®. [B].

Fig.1. Flower from A. hexapetalus
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2. Materials and Methods

2.1. Plant Material

The flower of A. hexapetalus were collected (200 g)
from the Coimbatore District (coordinates: 10.9880° N,
76.7740° E), Tamilnadu, India between 6 to 7 a.m. in the
morning during the month of January 2018. The plant
material was authenticated by Dr. R. Gopalan, Professor of
Botany Department, KAHE, Coimbatore (Voucher No.
KAHE/CHE/2018/102).

2.2. Extraction of Essential Qil

After the onsite collection of the flowers between 6 to
7 a.m. in the morning the components were extracted
immediately using a simple head space-solvent technique.
In this method about 500 g of the flower were taken in an
Erlenmeyer flask (500 ml capacity) fitted with a one holed
rubber cork. Using an aquarium pump fresh air was blown
in continuously through the inlet of the flask for nine
hours. The vapour collected on the top surface of the flask
was allowed to pass in to a round bottomed flask having
30 ml of methylene chloride solvent. This was repeated
four times and the combined resulting solution was
concentrated to 2 ml in a rotary evaporator and the
concentrate was analysed by GC-MS.

Fresh flowers obtained (500 g) were chopped into
small pieces and subjected to hydro distillation. A quantity
of 60 g of the flowers A. hexapetalus was added to 300 ml
of distilled water in a one litre flask fitted with a Clevenger
apparatus and a condenser through which cold water was
circulated to ensure condensation of essential oils for 2 h.
This was repeated twice. At the end of the distillation, two
phases were observed, an organic phase (essential oil) and
an aqueous phase (aromatic water). The essential oil was
collected, dried under anhydrous sodium sulphate. Until
further analysis the resulted oil was stored at 4°C in a
refrigerator.

2.3. Determination of Chemical Composition of
Essential Qil

GC-MS along with an ESI system with the ionization
energy of 70 eV was utilized for essential oil composition
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analysis. Agilent Technologies, 7890A, with a HP-5MS
column (5 % phenyl methylpolysiloxane) 30 m x 0.25 mm
ID x 0.25 pum film. The mass spectrometer with an ion-trap
analyzer was set at 1508 for all analyses with an electron
multiplier voltage of 1058V. Scanning was performed
from m/z 39 to 400 in 70 eV EI (electronic impact) at 1
scan/ s-1 and the selected split ratio was 1:10. Helium
(99.99%) with the flow rate of 1ml/min was used as the
carrier gas. The injection part of the instrument was set at
a temperature of 250°C. The initial temperature of the
column was maintained at 40°C for 1min, and then
gradually increased to 240°C at the rate of 30°C/min.
Essential oil constituents were tentatively identified by
comparison of their GC retention indices (RI), determined
with reference to a homologous series of C8-C20 n-
alkanes and with those of available authentic standards and
literature. Confirmation of such identification was done by
comparing their mass spectral fragmentation patterns with
those stored in the MS database (NIST 2005 and Wiley 7N
libraries) and with mass spectra literature data.
Components relative concentrations were obtained with
the response factors to the FID.

2.4. Antibacterial screening

The antibacterial screening by zone of inhibition
method and determination of Minimum inhibitory
concentration (MIC) were determined using the bacterial
strains like Streptococcus pneumonia, Staphylococcus
aureus, Streptococcus pyogenes and Pseudomonas
aeruginosa by the method as we reported earlier®.

2.5. Molecular Docking

2.5.1. Preparation of Proteins and ligands

The three-dimensional structure of the proteins with
PDB id: 3UDI, 3TYE, 3TTZ and 1JZQ were downloaded
from the RCSB protein Data Bank and saved in PDB file
format, for further studies in Auto dock vina under PyRx
0.8 Platform.

The compounds present in the essential oil obtained
from A. hexapetalus were selected for docking studies.
Molecular docking study has been carried out using the

PyRx Version 0.8 docking program. Ligands 2D structures
were drawn and converted into 3D using Chem Office
2002. After energy minimization of the ligands, it was
docked with the protein’s target sites (amino acids).
Discovery studio was used to convert 2D in to 3D structure
and the energy was minimized using AM1 method. To
minimise the energy to minimum RMS gradient of 0.100
was set in each interaction. All structures were saved as
PDB file format. All the ligand structures were then saved
in SDF file format, to carry out docking in Autodock
vinal®. A grid box with dimension of 40 x 40 x 40A with
0.37A spacing and cantered on 29.47, 47.99, 8.86 was
created around the binding site on proteins. The centre of
the box was set a ligand centre, and grid energy
calculations were carried out.

3. Results and Discussion

The isolation of the volatile constituents from the
flowers of A. hexapetalus was carried out using a simple
headspace solvent-trapping technique and the headspace
vapour was flushed with air and collected in solvent
methylene chloride. When analysed by GC-MS, Six
compounds were identified from the resultant concentrated
methylene chloride solution. The identified volatile
compounds are ethyl acetate 53.6%, isobutyl acetate
(29.4%) and ethyl benzoate (14.2%) as major compounds
and ethyl propionate (1.6%), ethyl octonate (0.7%) and
isobutyl valerate (0.43%) as minor compounds. The odour
of the solution obtained from this method was identified to
be similar to that of the fresh flowers. The presence of
ethyl benzoate and ethyl propionate in the present
investigation of the volatile constituents from the flowers
of A. hexapetalus make the smell of the flowers of A.
hexapetalus from India different from the flowers of A.
hexapetalus from Thailand®.

The chromatogram obtained from the GC-MS
analyses was shown in Figure 2. It resulted in the
identification of 28 compounds (Figure 3) representing
96.17% of the oil. The plant yielded 0.36%, (0.68 g) of the
essential oils from the flower (the average yield of three
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distillations). The essential oil consists of predominantly
oxygenated sesquiterpenes (51.91%) followed by
sesquiterpenes (43.31%), monoterpenes (1.24%) and small
quantities of other compounds (1.82%). The GC-MS
analysis results are summarized in the Table 1.
Caryophyllene  oxide  (14.54%), B-caryophyllene
(18.69%), cubenol (12.53%) and ledol (11.5%) were the
main constituents of the essential oil of the flowers. It is

Ry
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having a strong green odour and differs a lot from the smell
of the fresh flowers. This is due to the reason that in the
high temperature prevailed during the hydrodistillation,
the enzymatic processes that were responsible for the
odour formation and release of the compounds would have
denatured!!. Hence the compounds which contribute to the
significance odour could not be accumulated in the
obtained essential oil.
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Figure 2: GC-MS Chromatogram of essential oil obtained from A. hexapetalus.
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OH

28

Fig. 3 Structure of the compounds identified from the essential oil from the flowers of A. hexapetalus

In an earlier study twenty-eight components
comprising of sesquiterpenes hydrocarbons (33% of the
oil) and oxygenated sesquiterpenes (47.7%) were reported
from the flower oil of A. hexapetalus collected from
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Vietnam. The major compounds are a-copaene (8.1%), B-
elemene (1.0%), B-caryophyllene (11.4%), a-humulene
(3.5%), y-muurolene (3.5%), caryophyllene
(31.5%), and humulene epoxide (10.01%) *2.

oxide
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Table 1. Essential oil composition of Artabotrys hexapetalus as determined by GC-MS

Compound.No | Retention time? Compound®¢ %9 | Molecules formulae | Retention Index®
1 2.1 a-pinene 1.24 | CyoH1s 934
2 3.94 1-Nonanol 0.20 | CoH20 1089
3 4.68 6-Methyloctan-1-ol 0.64 | CoHx0 1109
4 10.71 fB-Cubeben 041 | CisHo 1333
5 11.013 Copaene 3.91 | CisHo 1375
6 11.375 cyperene 1.00 | CisHaa 1398
7 11.452 a -Gurjunene 0.59 | CisH2s 1405
8 12.53 B-Caryophyllene 18.67 | CisHa4 1420
9 13.263 Humulene 8.24 | CisHoa 1449
10 13.670 y-cadinene 1.97 | CisHa 1505
11 13.778 Nerolidol 0.60 | CisH260 1520
12 14.19 B-cadinene 4.88 | CisHos 1530
13 14.70 Sesquisabinene Hydrate | 3.86 | CisH260 1534
14 14.79 Spathulanol 2.29 | CysH260 1566
15 14.97 Selina-3,7 (11)-diene 3.18 | CisHa 1567
16 14.98 Longifolene 0.21 | CisHo 1568
17 15.067 Germacrene D-4-ol 0.46 | Ci5H260 1569
18 15.29 B-Copaene-4a-ol 1.16 | CisH260 1570
19 16.58 Carryophyllene oxide 13.46 | CisH260 1573
20 17.18 Cubenol 12.53 | CisH260 1590
21 17.52 cedrol 249 | CisHx0 1592
22 18.14 Ledol 11.57 | CisH260 1594
23 18.51 Humulene epoxide 2.18 | CisH260 1597
24 21.42 1-Cubenol, epi 0.58 | CisH260 1614
25 27.12 Selin-11-en-4a-ol 0.25 | CisHaa 1641
26 35.04 Nerolidol-Epoxyacetate | 0.50 | Ci7H250- 1687
27 37.21 B-Bisabolol 0.41 | CisH260 1689
28 39.06 Farnesol 0.32 | CysH260 1733

2Compounds are listed in order of their elution from a HP-5MS column.

bldentification: MS, based on comparison with NIST 14 MS databases;

‘Retention index from NIST 14 and Wiley 275 mass spectral databases.

dQuantification was done by external standard method using calibration curves generated by running GC analysis of
representative authentic components

®Retention index on the HP-5MS column, calculated using homologous series of Co—Cig alkanes.
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From Thailand the essential oil was obtained by four
different process like simple headspace solvent-trapping
technique, solvent extraction, hydro distillation, and solid
phase micro extraction (SPME) and the identified
compounds were reported®. Oil from the hydro distillation
method showed the presence of thirty one components, of
which the major components were -gurjunene (30.0%),
Globulol (13.8%) and B-caryophyllene (10.1%). Essential
oil obtained from the same source by solvent extraction led
to the identification of thirty one components of which the
major compounds were isopentyl acetate (12.6%), linalool
(7.7%), 2-methylbutyl acetate (7.7%), limonene (5.7%)
and 3-methylbutanol (5.7%). Alternatively when it was
performed with solid-phase micro extraction (SPME)
methods, thirty nine components were identified with ethyl
acetate (12.8%) and isobutyl acetate (39.5%) as the major
components®.  Further  Cadinol,
caryophyllene oxide and cubenol (-) were reported from
the essential oil obtained from Tanzania. The volatile
constituents are dominated by sesquiterpene hydrocarbons
and oxygenated sesquiterpenoids,

The present study showed that the chemical
constituents from the essential obtained from Indian A.
hexapetalus are found to be different with the essential oil
obtained by the hydro distillation method from Tanzania®?
and Vietnam®? and Thailand. In our study the quantity of
B-caryophyllene is more than the caryophyllene oxide
where as in the above studies caryophyllene oxide is more
than that of B-caryophyllene. The study indicated that the
sesquiterpenes P-caryophyllene oxide to be present in
almost all essential oils obtained by hydro distillation of
the A. hexapetalus. B-caryophyllene oxide was reported to
exhibit mosquito repellent activity.

3.1. Antibacterial Screening

The diameter of zone of inhibition was measured in mm
and presented in the table 2. The essential oil from A.
hexapetalus exhibited inhibitory activity against all the
bacterial strains Streptococcus pneumonia, Staphylococcus
aureus, Streptococcus pyogenes and  Pseudomonas

spathulenol,  f-

aeruginosa with MIC values of 2.5, 5.0, 2.5, 5.0 mg/ml and
narrow inhibition zones of 16.4, 15.7, 17.5 and 14.5 mm
respectively. Ampicillin was used as a positive control.
Overall the results suggest that the essential oil of A.
hexapetalus have a potential antibacterial activity. The
activity is attributed to the various constituents present in the
essential oil obtained from the flowers of A. hexapetalus.

3.2. Molecular Docking

Antibiotics may either kill or inhibit the growth of
bacteria by different mechanisms!>¢. Now, in the current
study, the knowledge on the target proteins of currently
used antibiotics!”® is extended to the phytoconstituents
which is identified from A. hexapetalus in order to
examine their affinity with the bacterial proteins that are
well known targets for some antibiotics with different
mechanism of action such as cell wall synthesis, inhibitors
of nucleic acid synthesis and antimetabolites. In the
present study we carriedout the molecular docking studies
with 3UDI (acinetobacter baumannii in complex with
penicillin G), 3TYE (dihydropteroate synthase), 3TTZ
(DNA gyrase) and 1JZQ (Isoleucyl-tRNA synthetase)
proteins which represent the above three mechanisms. The
docking score of the ligands with the protein 3TTZ and
1JZ7Q are not encourageable and hence not pursued further.

One of the target protein (PDB id: 3UDI) is from murD
ligase which is involved in the cell wall synthesis and the other
target is dihydropteroate synthase enzyme (DHPS; PDB id:
3TYE) a key component in the folate pathway of bacteria and
primitive eukaryotes. The essential oil constituents were
docked against these two targets and the compounds with a
reasonable docking score (Kcal/mole) are presented in the table
3. Most of the ligands exhibited hydrophobic interactions
(Figure 4a-4d) with the target proteins which are evidenced by
their docking scores. This indicates that the essential oil
components of A. hexapetalus behave as inhibitors of nucleic
acids and cell wall synthesis inhibitors which involve in cell
well synthesis. So we hypothesise that these essential oil
constituents first interact with the cell wall to destruct the cell
structure and then inhibits the normal synthesis of DNA that are
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required for bacterial growth. B-Lactams act entirely outside the
cell membrane, in the final phase of peptidoglycan
biosynthesis. ~ Sulfonamides inhibit the action of
dihydropteroate synthetase (with p-aminobenzoic acid

S. Sowndhariya, S. Ravi, ]. Dharani, R. Sripathi

(PABA) as substrate), preventing the synthesis of dihydrofolic
acid'’?, So, from the present study we can say that these
compounds act on the multi targets and may serve as
antibacterial agents.
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Figure 4a: Molecular docking of Trans (beta)-caryophyllene, caryophyllene oxide, Cubenol and Ledol against the
target protein with the PDB id: 3UDI
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Figure 4b: Molecular docking of Trans (beta)-caryophyllene, caryophyllene oxide, Cubenol and Ledol against the
target protein with the PDB id: 3TYE
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Figure 4c: Molecular docking 3D images of Trans (beta)-caryophyllene, caryophyllene oxide, Cubenol and Ledol
against the target protein with the PDB id: 3UDI
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Figure 4d: Molecular docking 3D images of Trans (beta)-caryophyllene, caryophyllene oxide, Cubenol and Ledol
against the target protein with the PDB id: 3TYE
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Table 2. Antibacterial activity of the essential oil obtained from the flowers of A. hexapetalus

Bacterial strain Zone of Minimum Inhibitory
Inhibition(mm) Concentration(mg)
Essential oil  Ampicillin Essential oil Ampicillin
Streptococcus 16.4 195 2.5 25
pneumonia
Staphylococcus 15.7 215 5.0 2.5
aureus
Streptococcus 175 235 2.5 25
pyogenes
Pseudomonas 14.5 215 5.0 2.5
aeruginosa

Table 3. Molecular docking analysis of the essential oil constituents from A. hexapetalus against bacterial proteins

Ligands Docking score 3TYE (Kcal/mole) | Docking score 3UDI (Kcal/mole)
Trans(beta)-caryophyllene | -6.8 -6.9
Carryophyllene oxide -6.4 -7.0
Cubenol -6.0 -6.9
Ledol -6.6 -6.8

4. Conclusion

Using the simple headspace solvent-trapping technique in
association with GCMS the components responsible for the
odour of the flowers of A. hexapetalus flowers were
identified. The essential oil obtained from the flowers of A.
hexapetalus by hydro distillation was analysed by GC-MS,
and it lead to the identification of 28 compounds
predominantly — oxygenated  sesquiterpenes  (51.91%).
Caryophyllene oxide (14.54%), p-caryophyllene (18.69%),
cubenol (12.53%) and ledol (11.5%) were the main
constituents of the essential oil. The essential oil showed
antibacterial activity against bacterial strains Streptococcus
pneumonia, Staphylococcus aureus, Streptococcus pyogenes
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