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COVID-19 caused by SARS-CoV-2 virus has had profound impact on the world in the past two years. Intense
research is going on to find effective drugs to combat the disease. Over the past year several vaccines were
approved for immunization. But SARS-CoV-2 being an RNA virus is continuously mutating to generate new
variants, some of which develop features of immune escape. This raised serious doubts over the long-term ef-
ficacy of the vaccines. We have identified a unique mannose binding plant lectin from Narcissus tazetta bulb, NTL-
125, which effectively inhibits SARS-CoV-2 replication in Vero-E6 cell line. In silico docking studies revealed that
NTL-125 has strong affinity to viral Spike RBD protein, preventing it from attaching to hACE2 receptor, the
gateway to cellular entry. Binding analyses revealed that all the mutant variants of Spike protein also have
stronger affinity for NTL-125 than hACE2. The unique a-helical tail of NTL-125 plays most important role in
binding to RBD of Spike. NTL-125 also interacts effectively with some glycan moieties of S-protein in addition to
amino acid residues adding to the binding strength. Thus, NTL-125 is a highly potential antiviral compound of
natural origin against SARS-CoV-2 and may serve as an important therapeutic for management of COVID-19.

Introduction

COVID-19 caused by SARS-CoV-2 virus has had profound impact on
the world in the past two years. In the recent past similar group of vi-
ruses, Severe Acute Respiratory Syndrome Corona Virus (SARS-CoV),
Middle East Respiratory Syndrome Corona Virus (MERS-CoV) had hit
some parts of the world causing 8000 and 2500 deaths, respectively,
(Weiss and Leibowitz, 2011). SARS-CoV-2 has been much more wide-
spread and dangerous and as of February 2022 as par WHO data, the
total death worldwide has exceeded 6 million. SARS CoV-2 is reported to
be 96% and 80% identical to Bat corona virus and to SARS-CoV,
respectively (Zhou et al., 2020). After emerging in December 2019,
the novel SARS-CoV-2 very fast turned into a global pandemic wreaking
havoc on global life and economy. Unfortunately, very few effective
drugs or therapeutic molecules have been developed so far to combat the
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virus. Health services are relying on either repurposed or other sup-
portive drugs for treating the patients. Realizing the fact that mass scale
vaccination is the only viable option to fight against the pandemic, a
number of pharmaceutical companies have developed different versions
of vaccines based on varying mechanisms of actions (Gao et al., 2020;
Peeples, 2020). Nevertheless, being an RNA virus, its natural muta-
genesis rate is quite fast. In the last one and half years, several mutant
strains have evolved across the globe. Some of these newly evolved
strains, reported to be more contagious with multifold higher trans-
mission rates, played havoc in some countries. Considering the contin-
uous evolution of the mutants in a very short period of time, it is now a
very valid question as to how long the present vaccines will provide
protection. Currently, as a general feature of severe pandemic diseases
several waves of viral attack have hit most parts of the world and, it is
predicted that if we are not able to find ways to control the virus it may

Received 9 December 2021; Received in revised form 4 April 2022; Accepted 5 April 2022

Available online 7 April 2022
0168-1702/© 2022 Elsevier B.V. All rights reserved.


www.sciencedirect.com/science/journal/01681702
https://www.elsevier.com/locate/virusres
https://doi.org/10.1016/j.virusres.2022.198768
https://doi.org/10.1016/j.virusres.2022.198768
https://doi.org/10.1016/j.virusres.2022.198768
http://crossmark.crossref.org/dialog/?doi=10.1016/j.virusres.2022.198768&domain=pdf

A. Sarkar et al.

likely cause much more harm.

Numerous studies have been aimed to combat this deadly virus by
developing therapeutic agents which has the ability to target either the
receptor of the human cells or on the virus itself. Major strategies
explored in this regard involves 1) prevention of viral RNA synthesis; 2)
blocking of viral enzymes to inhibit viral replication; 3) disruption of
viral assembly by targeting the structural proteins of the virus; 4)
blocking of the virus-host cell interaction.

Recent studies revealed that SARS-CoV-2 belonging to Coronaviridae
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is an enveloped virus with a positive sense large single stranded RNA
genome and a nucleocapsid of helical symmetry. The 3’ terminal part of
the genome contains four structural proteins, namely, the envelope
protein (E), membrane protein (M), the spike glycoprotein (S) and
Nucleocapsid protein (N). The S, Spike glycoprotein, interacts with
human ACE2 receptor (hACE2) through its receptor-binding domain
(RBD) (Lan et al., 2020). The S protein has two subunits S1 and S2
(Fig. 1A, B). S1 contains the RBD which binds to hACE2 (Yang et al.,
2020; Huang et al., 2020). The junction between S1 and S2 subunits are
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Fig. 1. Details of SARS CoV-2 Spike, NTL-125, ASAL and 3DZW proteins. (A) Schematic diagram of the spike protein showing different domains. (B) Sequence of
spike RBD domain and RBM in red, with secondary structural elements. (C) Representation of lectin purification analysed in 15% SDS-PAGE, Lane M: Molecular
weight marker, Lanes 1,2: semipurified proteins, Lanes 3: Purified ASAL, lanes, 4-5 NTL-125 monomer resolving at ~15kDa. (D) Identified sequence of NTL-125 from
Narcissus tazetta bulb. (E) Multiple sequence alignment of ASAL, NTL-125 and 3DZW.
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cleaved by host cell surface proteases, furin and transmembrane serine
protease 2 (TMPRSS2) paving the path for the S2 mediated virus-host
membrane fusion (Xia et al., 2020). Indeed, S protein plays the crucial
role in viral pathogenesis by mediating in the virus entry into the host
cell. This is why, strategies to block the binding mechanism between
ACE2 and S protein has attracted so much attention of the researchers
for therapeutic drug development.

Various types of agents ranging from small peptides (Ho et al., 2006;
Xiang et al., 2021), chimeric proteins (Lei et al., 2020), monoclonal
antibodies (Coughlin et al., 2009; Pascal; et al., 2015), and other mol-
ecules (Gurevich and Gurevich, 2014; Ngo and Garneau-Tsodikova,
2018; Xiu et al., 2020) were explored for this purpose. Researchers also
start investigating the repurposing of medicines used for other ailments
for treating COVID-19 (Ho et al., 2007; Kadam and Wilson, 2017; David
et al., 2021).Anti-influenza drug Arbidol and anti- HIV drug, Lopinavir
were tried with, but severe gastronomical adverse effects were found
when lopinavir and ritonavir were tested against SARS-CoV-2 infected
patients (Cai et al., 2020). Recently, in some countries Remdesivir,
originally intended for the treatment of Ebola was also found to have
some inhibitory effect on corona virus (Caley et al., 2020). But the
medical advisory boards in many countries have recommended for
limited use of this drug for hospitalized adult. All the above repurposed
drugs have limited success in treating COVID-19. Entry inhibitors for
SARS-CoV-2 may become more effective drugs for treating SARS-CoV-2,
considering the limited success of current therapies for COVID-19.

Interestingly, towards the end of last century, lectins from plants,
mushrooms and other sources were found to inhibit several viral dis-
eases. HIV replication was shown to be inhibited by lectins (Balzrini
et al.,1992; Balzarini et al., 2005; Kachko et al., 2013; Keefe et al.,
2011). Lectins antagonized replication of different corona viruses
including SARS-CoV (Kumaki et al., 2011). A carbohydrate-binding
protein from the edible beans effectively blocks the infections of influ-
enza viruses and SARS-CoV-2 (Liu et al., 2020). Also a few others too
have anti-influenza activity (Song et al., 2007; Kim et al., 2018). In this
respect different investigators demonstrated strong inhibitory effects of
different species of Narcissus lectin against several viruses including
respiratory syncytial virus, influenza A (HIN1, H3N2, H5N1) and B vi-
ruses (Kaku et al., 1990; Sauerborn et al., 1999; Balzarini, 2006; Ooi
et al., 2010). The present investigating group has previous experiences
with few mannose binding monocot lectins having antagonistic effects
against a number of phloem sap- sucking insects (Gatehouse et al., 1995;
Datta et al., 2005a; Datta et al., 2005b; Saha et al., 2006a; Chakraborty
et al., 2009; Roy et al., 2014) and plant viruses vectored by sap-sucking
insects (Banerjee et al., 2004; Saha et al., 2006b; Das et al., 2021). Due to
these striking inhibitory features of some members of the monocot
mannose binding lectin super family against varied pathogens (Zhou
et al.,, 2010; Mitchell et al., 2017; Nascimento et al., 2021), we got
interested in investigating the efficacies of a well characterized mannose
binding dimeric lectin, Allium sativum leaf agglutinin (ASAL) (Bandyo-
padhyay et al., 2001) and another newly identified tetrameric, Narcissus
tazetta lectin (NTL-125) against transmission and spread of infection of
SARS CoV-2. This study offers a new insight on the role of the naturally
occurring biological molecules as a potentially effective therapeutic
agent against SARS-CoV-2.

Materials and methods
Materials

Narecissus tazetta (Daffodil) bulbs were collected from plants grown in
departmental glass house of Bose Institute, India. Allium sativum leaves
were collected from the plants grown in Madhyamgram Experimental
farm of Bose Institute, India. Trypsin (Gold Trypsin, Promega,USA),
a-Chymotrypin (SRL, India), Vero-E6 cells, HEK293T cells, SARS-CoV-2
virus, SARS-CoV-2 spike pseudo virus, RNA extraction kit (MDI Devices,
India), DiAGSure nCOV-19 detection assay kit (GCC Biotech, India),
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Profection mammalian transfection kit (Promega Inc.), DMEM (Gibco),
Bright-Glo luciferase substrate (Promega Inc., USA) were used as
received.

Protein purification

Fresh Daffodil bulbs were extracted thoroughly in 1X Phosphate
Buffer Saline (PBS), pH 7.4 and filtered through a fine mesh cloth. One
mL of Dimethyl Sulfoxide (DMSO) and 35 mg Phenyl methyl sulfonyl
fluoride (PMSF) were added per litre of filtrate and kept overnight at 2-
8'C. Next day, after centrifugation, the pH of the supernatant was
adjusted to 9.0 and 20 mM CaCly was added, mixed and stored at 2-8°C
overnight. To the suspension (NH4)2SO4 was added at pH 7.0 and kept at
2-8°C for 6-8 h. After centrifugation the pellet was collected and dis-
solved in 1X PBS buffer and subjected to Affinity chromatography using
D-Mannose Agarose (M6400, Sigma, USA) column. The purified N.
tazetta lectin (NTL-125) was eluted with 20mM Diaminopropane (pH
9.0). ASAL protein was purified from fresh garlic leaves following the
method of Bandyopadhyay et al., (2001).

Hemagglutination assay

Purified NTL-125 protein was dispensed into different wells of
microtitre plate at varying amount of 1-10 pg. Separately, rabbit
erythrocytes were recovered by centrifugation form 1 mL blood and
further washed with 0.9% saline solution. Twenty microliter of eryth-
rocyte suspension was dispensed to microtitre well and kept at 25°C. In
separate set of experiments aliquots of NTL-125 were independently
incubated at 25, 37, 50 and 60°C for 30 mins and dispensed to wells
containing erythrocyte suspension to determine the agglutination effi-
cacy after incubation for an hour.

Intact mass analysis

Purified NTL-125 sample was analyzed by Electrospray Ionization
Mass Spectrometry (ESI-MS) (Waters Corporation, Milford MA, USA) for
determining the molecular mass. Purified protein sample (10pg) taken in
1 mL of 0.1% formic acid (FA) and directly infused onto the ionization
chamber of ESI-MS mass spectrometer (Waters, Xevo G2-XS QTof) in
positive mode with a flow rate of 5 uL/min and Capillary voltage of 3 kV,
source temperature at 120°C, sampling cone 40 V and desolvation
temperature at 250°C. The nitrogen flow rate was kept at 600 to 1200
lit/hr at 100 psi. Mass spectra were acquired from 50 to 2000 m/z for 1
min. Acquired raw data was deconvoluted using MaxEnt 1 software
version 4.0, Waters Corporation.

SDS-PAGE analysis

Purified NTL-125 and ASAL lectins were resolved in 15% SDS-PAGE
using a mini gel electrophoresis system (Mini-Protean, Bio-Rad Labo-
ratories) and Tris-glycine (pH 8.3) and SDS as the running buffer. After
staining with Coomassie brilliant blue (CBB), followed by destaining, gel
images were captured using the Gel Doc XR System (Bio-Rad)

In-gel digestion

In-gel digestion of NTL-125 was performed to determine the protein
sequence. The purified protein band was excised from the gel. The CBB
stain was removed from gel piece by incubating with 50% 25 mM
NH4HCO3 and 50% (v/v) acetonitrile solution. The destained gel pieces
were dehydrated with 100 % acetonitrile (ACN) for 10 min in a micro-
centrifuge tube followed by drying in a vacuum centrifuge. Dried gel
pieces were further reduced with 10 mM DTT for 45 mins at 55°C and
alkylated with 55 mm iodoacetamide for 30 mins at room temperature
in dark. After removing the iodoacetamide the gel pieces were washed
with 50% 25 mM NH4HCO3 and 50% (v/v) acetonitrile solution at room
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temperature. The protein in the gel pieces was then cleaved with Trypsin
(Gold Trypsin, Promega, USA) and a-Chymotrypsin (SRL, India) indi-
vidually using 1:20 ratio of enzyme to substrate in 25 mM ammonium
bicarbonate buffer (pH 8.0). The gel pieces with enzyme solutions were
incubated on ice for lhr. Thereafter sufficient amount of 25 mM
NH4HCO3 was added to dip the gel pieces and incubated at 37°C over-
night (Gundry et al., 2009). Next day the supernatant containing the
peptides was collected in a new microcentrifuge tube. Digested peptides
were further extracted from the gel pieces with 50% (v/v) acetonitrile,
1% (v/v) formic acid and 49% HyO and finally dried using vacuum
centrifuge.

Liquid chromatography electrospray ionization tandem mass spectrometry

LC-ESI-MS/MS analysis of the peptides derived from in-gel digestions
was performed with a Waters ACQUITY UPLC M-Class System (Waters
Corporation, Milford MA, USA) equipped with Xevo® G2-XS Q-Tof MS
(Waters Corporation, Milford MA, USA) via an electrospray ionization
source (ESI). The dried peptides were reconstituted in 20 pL of 0.1 %
formic acid. Twenty microlitre of this peptide solution was then diluted
to 60 pL with 0.1 % formic acid within the instrument before being
injected into the Acquity UPLC-BEH C18 column (pore size 1304, par-
ticle size 1.7 um, inner diameter 2.1 mm x length 100 mm) (Waters
Corporation, Milford MA, USA) with a trapping time of 3 min. The
mobile phase consisted of two solvents: (A) 0.1% FA in water and (B)
0.1% FA in ACN. The flow rate was kept at 30 pL/ min. The total run
time of 12 min was set as follows: 0 to 2 min- equilibrium, 2 to 10 min-
gradients from 0% to 90% of mobile phase B and from 90% to 0% of
mobile phase A, 10 to 12 min- washing with 0.1% FA. Isocratic flow of
isopropyl alcohol was used in parallel with the gradient to ensure
smooth and effective elution of the peptides. The eluent from the LC
column was then subjected to MS in ESI (+ve) platform at 3 kV. Data
dependent acquisition was recorded using Mass Lynx Version 4.0 soft-
ware (Waters Corporation).

Peptide mapping

MS/MS spectra were processed and analyzed through Protein Lynx
Global Server™ (PLGS) version 3.0.3. Peptide identification was
assigned by searching against the Narcissus tazetta lectin protein data-
base. The search parameters such as peptide tolerance, fragment toler-
ance and mass error tolerance were kept at default. Peptide
identification was restricted to tryptic and chymotryptic peptides
separately with no more than one missed cleavage. Cysteine carbami-
domethylation was considered as a fixed peptide modification, whereas
methionine oxidation as variable peptide modification. The ion match-
ing requirements were kept at the stringency of Fragment/Peptide -2,
Fragment/Protein -5 and Peptide/Protein -1 for Chymotrypsin and
Fragment/Peptide -1, Fragment/Protein -1, and Peptide/Protein -1 for
Trypsin.

Cell viability assay

The cell viability assay was performed by using MTT assay reagent.
Vero-E6 cells were plated at 25000/well density in 100 pL of growth
medium in 96-well microtiter plates for 16-24 hours at 37°C in a hu-
midified chamber with 5 % CO,. Next day, 50 pL of media was removed
from each well and 50 pL serially diluted lectins were added. 70 %
Ethanol was used as a positive control for the induction of cytotoxicity.
Each lectin was used at the concentrations of 0.5, 5, 10, 20, 50 pg/mL.
The plate was incubated for 48 hours (37°C, 5 % CO3) and 10 pL of MTT
solution was added to each well. The plate was further incubated for
another 4 hrs in the humidified CO; incubator after which 100 pL of
dissolving solution (10 % SDS in 0.01 M HCI) was added to each well and
incubated in CO; incubator overnight. Viability of cells was recorded in
comparison to the untreated cells by measuring the absorbance at 570
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nm.
Inhibition assay of SARS- CoV-2 genome

The SARS-CoV-2 virus stock (verified by matching with original
SARS-CoV-2 genome sequence) was prepared in VeroE6 cells and viral
growth was confirmed by observing cytopathic effect in the culture
flasks. All the experiments including virus culture and anti-viral assays
were carried out in the BSL-3 laboratory following relevant ethical and
biological safety clearances by institutional committees of IMTECH,
Chandigarh. The virus stock was titrated by using Vero-E6 cells to es-
timate plaque forming units per ml of virus suspension (pfu/mL) and
stored at -80°C for further use. To monitor the efficacy of lectins on
SARS-CoV-2, Vero-E6 cells were seeded in 48-well plate (4 x 10* cells/
well). The lectin at various concentrations was separately incubated
with 1000 pfu of virus for 1 hour. The virus-lectin suspension was then
added to the wells containing Vero-E6 cells and incubated for 48 hours
at 37°C in a humidified chamber with an atmosphere of 5% CO». 140 uL
supernatant was harvested and processed for viral RNA extraction by
Manufacturing & Delivering Innovations (MDI) devices, India. The qRT-
PCR was performed using 8 uL of the eluted RNA sample as a template by
using DiAGSure nCOV-19 detection assay kit from GCC Biotech (India).
The quantification of viral RNA (cycle threshold [Ct] profile) present in
the culture supernatant was determined by analyzing qRT-PCR data. The
percent (%) inhibition was calculated based on the difference in Ct
values between no inhibitor control and lectin wells.

Preparation of pseudo-typed SARS- CoV-2 and pseudo-virus neutralization
assay

The viral entry inhibition assay was performed by using SARS-CoV-2
spike pseudo virus harboring reporter Luciferase gene. HEK293T cells
were transiently transfected with plasmid DNA pHIV-1 NL4.3Aenv-Luc
and Spike-A19-D614G by using Profection mammalian transfection kit
(Promega Inc.), incubated for 72 h. Virus culture supernatant was har-
vested, centrifuged for 10 min at 2000 rpm followed by filtration via
0.22 pm filters, and stored at -80°C for further use. 293T-hACE-2 (BEI
resources, NIH, Catalog No. NR-52511) or Vero/TMPRSS2 (JCRB cell
bank, JCRB #1818) cells expressing the human ACE2 or ACE and
TMPRSS2 receptors respectively were cultured in DMEM (Gibco) sup-
plemented with 5% FBS, penicillin-streptomycin (100 U/ml). The viral
entry inhibition by lectin was assessed in both 293T-ACE-2 and Vero/
TMPRSS2 cells. The lectins were serially diluted in 50 pL growth me-
dium after which 50 pL diluted pseudovirus equivalent to 2 x 10°
relative luminescence units (RLU) was added. The mixture was incu-
bated for 1 hour after which 4 x 10* cells/well (Vero/TMPRSS2 or
293T-hACE2) were added. The plate was incubated for 48 hours in
humidified incubator at 37°C with 5 % CO,. The luminescence was
measured by adding 50 pL Bright-Glo luciferase substrate (Promega Inc.,
USA) by using Cytation-5 multi-mode reader (BioTech Inc.) The lucif-
erase activity detected as RLU that determined the quantification of
virus infection. Percent reduction of infection was estimated with
reference to SARS-CoV-2 pseudovirus infection in the absence of lectin.
Pseudovirus infection inhibitory concentration (ICsp) was determined as
the concentration at which infection was reduced by 50%.

3D Structure Building of NTL-125, ASAL and 3DZW-V36L

NTL-125: The tetrameric crystal structure of the mannose binding
lectin from Narcissus pseudonarcissus (PDB id: 3DZW) (Sauerborn et al.,
1999) was used for model building as the NTL-125 and 3DZW have
99.08% sequence identities with an E-value of 1 x 10778
Knowledge-based ab-initio modeling method was used to build 30 amino
acid residue C-terminal part using Robetta (Kim et al., 2004) webserver.
The full-length structure of NTL-125 was finally constructed by
combining the aforementioned two parts of the NTL-125 protein using
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the Build Protein Module of Discovery Studio (DS).

ASAL: Homodimeric ASAL protein sequence was obtained from
GenBank accession EU252577 (Benson et al., 2012). Crystal structure of
mannose-specific garlic lectin (PDB id: 1KJ1) (Ramachandraiah et al.,
2002) was used as template for model building of ASAL using Build
Protein Module of Discovery Studio (DS).

3DZW-V36L: Mutated version of 3DZW, where Val residue at the
36™ position was substituted by Ile, was built using the Build Mutant
Module of DS. The mutation V36L was incorporated into the crystal
structure of 3DZW at the corresponding position.

Three built structures were subjected to energy minimization sepa-
rately in GROMACS (Abraham et al.,, 2015) using the force-field
CHARMM (Brooks et al., 1983) in presence of SPC/E (Berendsen et al.,
1987) explicit water model, following the steepest descent algorithm,
and then by conjugate gradient algorithm.

To verify the authenticity of the built model the amino acid sequence
of NTL-125 was given as input and three models were generated using
three different web servers namely, Robetta,SwissModel and Phyre 2.
These Models were superimposed on each other for comparison.

Molecular Docking and Simulation

NTL-125, ASAL and 3DZW-V36L structures independently were
docked blindly with the SARS CoV-2 trimeric Spike glycoprotein using
the ZDock tool, followed by RDock refinement present in DS. To un-
derstand the initial step of infection, Lan et al., (2020) determined the
structure of Receptor Binding Domain (RBD) of the spike (S) protein
bound to the ACE2. The glycosylated spike protein structure was kindly
shared with us by Dr Robert J. Woods, Dr Oliver C. Grant and Dr Lance
Wells (Zhao et al., 2020). The glycosylated spike protein structural in-
formation was shown by Lan et al.,, (2020). The Receptor Binding
Domain (RBD) of the spike (S) protein falls within 319-541 amino acids
and the Receptor Binding Motif (RBM) is spanning over the 438-508
amino acids whereas the S1 spans from 13-685 and S2 from 686-1273
amino acids. The best pose was selected based on their docking ZRank
scores. The fourth docking between Spike and ACE-2 proteins was done
using template-based docking approach in DS and 6MO0J crystal struc-
ture of ACE-2 (PDB id: 6M0J) was used as a template. After energy
minimization binding free energy (AG) were calculated using web server
(Xue et al., 2016).

In silico Mutant Interaction and Binding Free Energy Estimation

All the mutations of Spike protein as shown in Table S1 were
incorporated into the built Spike-NTL-125 complex and Spike-ACE2
complex separately. Total 26 mutant complexes (thirteen mutant
Spike-NTL-125 and thirteen mutant Spike-ACE2) were built which were
subjected to energy minimizations using the aforementioned protocol
and the binding free energy (AG) values were calculated.

Insilco mutations of the interacting residues of NTL-125 and its effect on
binding free energy in Mutant NTL-125 and RBD complex

In order to check the role of relevant interacting residues of the NTL-
125 protein, deletion of the C-terminal parts from each of the monomers
from the tetrameric structure of NTL-125 was performed (C-delta-
Mutant). The deletion C-delta-Mutant of NTL-125, was subjected to
energy minimizations following the same protocol as mentioned before.
The final energy minimized structure of the C-delta-Mutant of NTL-125
was docked onto the RBD and the binding free energy values of the in-
teractions were checked. Another set of mutations were incorporated in
the NTL-125 spanning the amino acid residues 80 to 83 applying the in-
silico alanine scanning mutagenesis to check the effects of mutations on
RBD binding.
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Results
Characterization of purified lectins

Purified ASAL and NTL-125 were run in 15% SDS-PAGE that showed
the bands corresponding to ~ 12.5 kDa and ~ 15 kDa proteins,
respectively (Fig. 1C), (arrow indicating the band of NTL-125). The
purity of the proteins was validated by hemagglutination assay with
rabbit erythrocyte at a temperature ranging between 25-50°C (Fig. S1).
Both ASAL and NTL-125 readily agglutinated rabbit erythrocytes at
room temperature but failed to show any activity when pretreated above
37°C which confirms the native structural integrity of the lectins at and
below 37°C.

NTL-125 protein was analyzed through LC-MS for intact mass, pep-
tide mapping and amino acid sequencing. The mass spectrum of NTL-
125 was deconvoluted by MaxEnt 1 software. It showed an intact
tetrameric mass of 61.2 kDa. Peptides were identified through tandem
mass spectrometry after digestion of the protein using trypsin (Fig. S2,
S3) and chymotrypsin (Fig. S4, S5). Trypsin digestion of NTL-125 pro-
duced 10 major peptides whose theoretical and observed mass values
and the identified peptide sequences are shown in Fig. 1D. The sequence
information was verified from the overlapping peptides generated by
a-Chymotrypsin digestion (Fig.S6) that produced 12 major peptides also
shown in Fig. 1D. The overlapping sequence data from the two digests
were aligned to create the primary sequence of NTL-125. BLAST
searching revealed strong similarity of NTL-125 to mannose binding
lectin proteins from different plant sources (Fig. 1E). However, the final
sequence of NTL-125 comprising 139 residues is unique primarily
because of the existence of a 30 residue (110-139) C-terminal tail. This
sequence was submitted to Uniprot knowledge base (accession number
COHU1).

Inhibition of SARS-CoV-2 replication in cell culture by NTL-125

Both ASAL and NTL-125 were tested for cytotoxicity onVero-E6 cells.
10 % DMSO v/v was used as a positive control for the induction of
cytotoxicity and cell with no lectin was used as the negative control. The
percent viability of cells was compared with the untreated cells. Final
results from two biological repeats confirmed that ASAL treated cells
were 100% viable at 10 pg/mL concentration whereas NTL-125 treated
cells are above 95%viable at 5 ug/mL and 85% viable at 10 pug/mL
concentration (Fig. S7).

The viral inhibitory properties of the lectins (ASAL and NTL-125)
were assessed against SARS- CoV-2 multiplication in the Vero-E6 cell
culture over the period of 48 hours. Inoculum of 1000 pfu was used to
infect the Vero-E6 cells in presence or absence of lectins. Virus repli-
cation was inhibited fully even when NTL-125 concentration was
gradually reduced from 20 ug/ml to 5 ug/ml yielding viral RNA in the
supernatant to undetectable level (Fig. 2). The 50% inhibition of virus
replication was observed at about 0.4 pg/mL NTL-125 (Fig. 2A). In
comparison ASAL was found to be less potent than NTL-125 as 20 ug/mL
of ASAL, showed only 80% reduction of viral replication with 50% in-
hibition occurring both at ~5 pg/mL and 10 ug/mL concentration
(Fig. 2B. Niclosamide, a broad-spectrum antiviral agent (Xu et al.,
2020), was used as a positive control in the viral inhibition assay.
Niclosamide showed 100% inhibition at 1 uM concentration.

Inhibition of viral entry in ACE2-expressing cells

To assess whether the lectins, ASAL and NTL-125 act at the cell entry
step of the virus or not, replication-incompetent HIV-1-based SARS-CoV-
2 pseudo-virus (as described in the Methods section) was used in the
assay. The study revealed that both NTL-125 and ASAL inhibited the
entry of SARS-CoV-2 pseudo-virus in dose dependent manner. At 10 pg/
mL concentration, NTL-125 and ASAL inhibited approximately to the
extent of 90% and 70% respectively (Fig. 3 A). The inhibitory
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Fig. 2. Assessment of SARS CoV-2 inhibition in Vero-E6/TMPRSS2 cells by the lectins. Percentage of replication inhibition of SARS-CoV-2 by NTL-125 (A) and ASAL
(B) lectins each at 0.5,1,5,10 and 20 pg concentrations indicated on X-axis. Each lectin assay was performed in two biological repeats with two technical repeats. The
inhibition percentage calculation was based on increase in ct values. Niclosamide showed very high inhibition.
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concentration that reduced the viral entry by 50% (ICso) was approxi-
mately 4 and 0.8 pg/mL (i.e., 320 and 50 nM) for ASAL and NTL-125,
respectively (Fig.3 B). The data are based on three independent repeat
experiments.

In silico structural model building of the lectins

3D models of the lectins NTL-125 and ASAL were built based on the
known X-ray structure of mannose binding lectin 3DZW as all three have
high amino acid sequence similarities (Fig.1E). The stereo-chemical
qualities of the built proteins were checked using Procheck (Laskow-
ski et al., 1993) and Verify3D (Eisenberg et al., 1997). It showed that all
residues of the three built proteins were within the allowed regions in
the Ramachandran plots (Fig. S8). The verified 3D reports of NTL-125,
ASAL and 3DZW-V36L showed compatibility score of 99.3%, 88.2%
and 89.0% respectively, which indicate good qualities of the models
(Fig. S8) suitable for docking studies. Superimpositions of the mono-
meric structures of NTL-125, ASAL and 3DZW-V36L reveal that, the
structures of the proteins are more or less similar and comparable at
monomeric orientation. However, NTL-125 has 30 residues C-terminal
extension which triggers the formation of a helical structure (Fig. S9A).
Both NTL-125 and 3DZW-V36L are homotetrameric proteins (Fig.4A,

4C) and ASAL a homodimeric one (Fig. 4B). Though NTL-125 and
3DZW-V36L monomers are quite similar, the presence of this C-terminal
helix of NTL-125 makes it structurally dissimilar to both ASAL and
3DZW-V36L in the oligomeric form (Fig. 4A-C). The RMSD calculated
between the backbone Ca-atoms of NTL-125 tetramer and 3DZW-V36L
tetramer was therefore quite high (28.9 A (Fig. S9A). The orientations
of the N-terminal ends of the two proteins are however similar (Fig. S9
D, E).

In order to gain further support of the predicted NTL-125 structure,
the homology model of NTL-125 was built using three independent web
servers, Robetta (RED), SwissModel (GREEN) and Phyre2 (BLUE). Full
chain NTL-125 model (residue 1 to 139) was built by Robetta only while
models for the C-terminal truncated lectin (1-109) were built using
SwissModel and Phyre2. These three structures were then superimposed
and RMSD of the C-a backbone was calculated. The comparison shows
very similar dispositions of secondary and tertiary structures (Fig. 4D)
with RMSD ranging from 0.1 — 2.4 A. It also supports that the predicted
structure is software independent.

Docking of lectins with SARS-COV-2 spike protein

The SARS-CoV-2 spike protein containing attached glycan moieties
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Fig. 4. Multimeric structures of 3DZW-V36L, ASAL, NTL-125 and comparison of C-terminal and N-terminal domains of 3DZW-V36L, and NTL-125. (A) Homote-
trameric structure of 3DZW-V36L, each chain is coded by different colours. (B) Homodimeric structure of ASAL, each chain is coded by different colours. (C)
Homotetrameric structure of NTL-125, each chain is coded by different colours. (D) homology models of NTL-125 were built using three different servers, Robetta
(RED), SwissModel (GREEN) and Phyre2 (BLUE). Full chain model (residue 1 to 139) was built by robetta, residues 1 to 109 were used for SwissModel and Phyre2.
These three structures were superimposed and RMSD of the C-a backbone was calculated.

(Fig. S10 A, B) is a trimeric protein that contains an open receptor
binding domain (RBD). The structure of the fully glycosylated spike
protein was shown by Zhao et al. (2020) Residues 319-541 of the spike
protein constitute the RBD and residues 438-508 constitute the Recep-
tor Binding Motif (RBM). In silico docking simulation studies revealed
that, among three lectins, only NTL-125 is able to bind to the RBM
efficiently (Fig. 5A-D) similar to that of the hACE-2 protein (Fig. 5E-H).

The docked structure also revealed that thirty-six residues of RBD
and 44 residues of NTL-125 (Table 1) were located within 5A distance
from each other in the complex whereas 27 residues of ACE-2 are in
proximity to 32 residues of RBD. There are 17 common residues of RBD
(marked bold in Table 1) that interact with both ACE-2 and NTL-125.
Among all these residues, 10 of RBD and 11 of NTL-125 are within 3A
distance in the docked structure. For the RBD: ACE-2 complex, 9 resi-
dues of RBD and 9 residues of ACE-2 are within 3A distance. NTL-125
occupies exactly the same region of the receptor binding motif (RBM)
of the spike protein where hACE2 usually binds (Fig. 6A). The docked
complex between NTL-125 and Spike revealed that among the four
chains of NTL-125, only three (Chain T, V and W) actively participate in
the interactions with the spike protein within 3A (Fig. 6 B-D and
Table 1). The binding free energy change of NTL125-S-protein inter-
action (-13.3 kcal/mol, kq 0.41nM, Table 2) is more negative than that
between S-protein-hACE2 (-11.2 kcal/mol, kq ~ 12 nM) which clearly
indicates that the former is more stable than the later. ASAL-Spike
complex showed the lowest binding free energy change (16kcal/mol,
kq~0.005nM) but the zone of this interaction is outside the RBD (Fig.
S11 A-D). As a result, the RBD remained open for any possible interac-
tion with hACE2. For the 3DZW-Spike complex AG = -12.2 kcal/mol and

kq = 2.5 nM, but the interaction is again outside the RBD (Fig. S12 A-D).

Docking study confirmed that the interaction between NTL-125-
spike protein is also mediated through a S-protein glycan moiety,
covalently linked to Asnl125 of the spike protein and interacts with
1le137 and Thr138 of NTL-125 protein (Fig. 6E). Thus, the interaction
between NTL-125-Spike is not only through amino acid residues but also
through the glycan moieties. This finding is significant because glycan
interaction mechanism is believed to play a crucial role in the viral
evolution and cell entry of the virus (Shang et al., 2020). Glycan shield of
viral surface protects the virus (Hao et al., 2021; Kosik et al., 2018) but
NTL-125 antagonizes the shielding effect using these glycans as a target
making it an effective antiviral agent.

Docking analysis of mutated NTL-125 with Spike RBD protein

The structures of different mutants of NTL-125 were generated and
individually docked with the spike RBD. We were especially interested
to study the effect of the C-terminal (110-139) truncation of NTL-125
(NTL-C-delta) on its binding with the RBD of the spike protein. In
Figure 7 A and B we compared the zone of interaction of NTL-125 and
NTL-C-delta mutant with the RBD. The residues of RBD within the zone
of interaction with NTL are summarized in Table S2. We mentioned
earlier that 36 residues of RBD including 32 residues of RBM are within
the zone of interaction with full length NTL-125. But when the NTL-125
is stripped off residues 110-139 from the C-terminal, only 23 residues of
RBD (all within RBM) are within the zone of interaction. The 13 residues
of RBD including 9 residues from RBM that moves out of the zone of
interactions with NTL-C-delta are: A348, S349, T351, A352, G450,
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Fig. 5. Docked representations of SARS-CoV-2 Spike-NTL-125 complexes and SARS-CoV-2 Spike-hACE2 complexes. The proteins are in ribbon model; the glycans are
in stick model; and the glycan molecule interacting with both NTL-125 and spike is in CPK model. (A) NTL-125 bound with Spike protein. (B) NTL-125 bound with
the Spike protein (Red colour open RBD chain). ((C, D) Zoomed view of NTL-125 and S1 region of the spike protein in 180°rotational view. (E) ACE2 bound with
Spike protein. (F) ACE2 bound with the Spike protein (Red colour open RBD chain). (G, H) Zoomed view of ACE2 and S1 region of the spike protein in 180°

rotational view.

Table 1

Interacting residues of Spike protein in 5A radius, bound with NTL-125 and
ACE2 (Underlined ones are in 3A radius). Residues marked in bold are common
interacting residues.

Ligand Interacting residues of S- Receptor  Interacting residues of the
protein at RBD receptor
Wild Type  A348, S349, Y351, A352, NTL-125  Chain V : R20, L36, K90,
Spike V445, G446, G447, Y449, R92, P117, G118, S119,
Protein N450, Y451, L452, T470, A120, P121, Q122, N123,
Q471, 1472, S477, T478, E127, L131, K139, Chain
P479, C480, N481, G482, T : P12, G13, E27, R50,
V483, E484, G485, F486, R51, H109, Chain W : Y5,
N487, C488, Y489, F490, S6, G7, Q57, S58, E80,
P491, L492, Q493, Q498, N81, G82, N83, Y84, T99,
P499, T500, N501, G502 A100, R101, W102, A103,
G105, T106, N107, 1108,
H109, G110, Al111, G112,
1113
R403, K417, V445, G446, hACE2 S19, E23, Q24, T27, F28,

G447, Y449, Y453, 1455,
F456, Y473, A475, G476,
S477, E484, F486, N487,
Y489, F490, 1492, Q493,
S494, Y495, G496, F497,
Q498, P499, T500, N501,
G502, V503, G504, Y505

D30, K31, H34, E35, E37,
D38, Y41, Q42, L45, L79,
M82, Y83, T324, 0325,

G326, N330, L351, K353,
G354, D355, R357, R393

T451, 1452, T470, Q471, 1472, G482, P491 and L492. Loss of C-terminal
of NTL-125, in particular 1137 and T138 also eliminates the interaction
of glycan moiety attached to Asnl125 of spike protein. Loss of these
crucial interactions leads to substantial reduction in binding affinity and
binding free energy. The binding affinity and energy values of all the
mutant NTL-125 with RBD were presented in Table 3. The binding
interaction of wild type NTL-125 with RBD was found to be stronger
than all the mutants including that of C-terminal truncated mutant. The
C-terminal truncated mutant showed a binding energy loss of 2.3 kcal/
mol indicating that the C-delta mutant of NTL-125 did not bind to RBD
as strongly as the wild type NTL-125 justifying the importance of the C-
terminal tail in the binding interaction. Apart from the C-terminal re-
gion, the single point alanine mutations in the region between 81-83
residues expectedly produced small but significant energy differences
in the range of 0.2-0.5 kcal/mol while alanine mutation at residue 80
produced negligible energy changes (0.1 kcal/mol). This mutation data
supports the identification of the residues 80-84 and the 15 other resi-
dues located in the C-terminal tail region (Table 1) important for
interaction with the RBD of the spike protein.

Discussion

Plant lectins are a group of storage proteins accumulated in organs
like bulbs, leaves, rhizomes etc. and are ubiquitously present in almost
all life forms. They serve as defense proteins when needed and protect
the host plants from insect and pathogen attack. Mannose binding plant
lectins isolated from Amaryllidaceae and Alliaceace family exhibited
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Fig. 6. Zoomed views of the binding clefts of the spike-ACE2 and spike-NTL-125 complexes. The residues of spike are displayed as ball and stick model, and the
residues of ACE2 and NTL-125 are displayed as stick model. (A) ACE2 interacting with spike protein. (B) T chain of the tetrameric NTL-125 is interacting with spike.
(C) V chain of the tetrameric NTL-125 is interacting with spike. (D) W chain of the tetrameric NTL-125 is interacting with spike. (E). Involvement of glycan in SARS-
CoV-2 spike-NTL-125 complex formation. The proteins are in ribbon model, the glycan is in ball and stick model.

Table 2
Binding free energy of different Spike mutants, bound with ACE2 and NTL-125.
Sl. No. Mutations ACE2-Spike Mutant Kd RMSD of NTL125-Spike Mutant Kd RMSD of Gain of free
(AG in kcal/mol) (nM) ACE2- (AG in kcal/mol) (nM) NTL125- energy
at 37.0 Spike at 37.0 Spike (AAG)
°C complex °C complex
@A) A&
Wild type - -11.20 12.0 -13.30 0.41 -2.10
Spike
Mutant 1 K417N, D614G -11.88 4.21 0.21 -13.09 0.59 0.16 -1.21
Mutant 2 K417T, D614G -11.90 4.12 0.11 -12.44 1.70 0.40 -0.54
Mutant 3 L452R, D614G -11.94 3.84 0.12 -12.97 0.72 0.18 -1.03
Mutant 4 N440K, D614G -11.91 4.03 0.23 -13.25 0.46 0.18 -1.33
Mutant 5 E484K, D614G -11.74 5.31 0.22 -12.94 0.75 0.20 -1.21
Mutant 6 E484Q, -11.51 7.74 0.18 -12.94 0.76 0.17 -1.43
D614G
Mutant 7 N501Y, D614G -11.59 6.72 0.24 -13.62 0.25 0.19 -2.03
Mutant 8 D614G -12.11 2.91 0.28 -12.98 0.71 0.17 -0.87
Mutant 9 D614G, -11.87 4.32 0.12 -12.71 1.10 0.38 -0.84
P681H
Mutant 10 D614G, P681R -11.62 6.43 0.19 -12.95 0.74 0.18 -1.33
Mutant 11 G142D, E154K, L452R, E484Q, -11.53 7.40 0.20 -12.71 1.10 0.25 -1.17
D614G, P681R, Q1071H
Mutant 12 S477G, D614G -11.75 5.21 0.13 -13.35 0.39 0.17 -1.60
Mutant 13 S477N, D614G -11.75 5.21 0.23 -13.27 0.44 0.18 -1.52
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Fig. 7. Docking representations of wild type and C-terminal del mutant of NTL-125 with spike protein. (A) Full length NTL-125 bound with Spike protein (B) C-

terminal del mutant bound with Spike protein.

Table 3
Binding free energy (AG) profile of different mutant of NTL-125 with Spike
protein.

Sl. No. Mutation in NTL125-Spike
NTL-125 (AG® in kcal/mol) Kq AAG®
(nM) (Kcal/
at37°  mol)
°c
Wild type _ -13.32 0.41 _
Mutant 1 GLUSOALA -13.26 0.448
+ 0.06
Mutant 2 ASNS1ALA -13.09 0.590
+0.23
Mutant 3 GLY82ALA -13.14 0.544
+0.18
Mutant 4 ASNS3ALA -12.80 0.945
+ 0.52
Mutant 5 Delta 110-139 -10.99 17.84
C-Terminal +2.33

delta -Mutant

antiviral property against human disease-causing viruses (Balzarini,
2005). Similarly, Narcissus tazettalectin (NTL) showed strong inhibitory
effect against human respiratory syncytial virus, influenza A (H1N1,
H3N2, H5N1) and influenza B viruses (Ooi et al 2010). Lately monocot
mannose-binding lectins, which belong to a superfamily of structurally
and evolutionarily related proteins have earned growing attention due
to their antiviral activities against several other human disease-causing
viruses namely, immunodeficiency virus (HIV), human cytomegalovirus
(HCMV), hepatitis C virus (HCV), herpes simplex virus type 1 (HSV-I),
herpes simplex virus type 2 (HSV-2), virus, and coronavirus (SARS-CoV)
etc.

In the present investigation a newly identified tetrameric NTL-125
protein (accession number COHU1) the sequence of which differs from
the earlier reported protein NTL (PDB id: 3DZW) and contains an
additional C-terminal helical stretch and a change in amino acid at 36™
position i.e., V36L is studied for antiviral activity. The sequence was
confirmed through differential LC-MS analyses. Accordingly, the struc-
ture of the protein was built based on the homology modelling on the
reported crystal structure (PDB id: 3DZW). As a significant character-
istic, NTL-125 agglutinated rabbit erythrocyte efficiently at an optimum

10

temperature of 30-37 C. More interestingly, NTL-125 demonstrated
inhibitory effect on SARS-CoV-2 viral replication in Vero-E6 cell line.
The Ct value of virus replication in Vero cells reduced significantly when
artificially inoculated with live virus pre-incubated with NTL-125 as
compared to untreated virus or virus pre-treated with ASAL. Previous
study showed antiviral activity of lectin against human HINI, H3N2 with
ECsg values ranging between 0.02ug/mL and 1.33 pg/mL (Ooi et al.,
2010). Compared to that, present NTL-125 showed ICsg value of ~0.6
ug/mL against SARS-CoV-2.

Previously Keyaerts et al., (2007) also showed that different plant
lectins showed antiviral activities against SARS-COV with ICsg ranging
from 1 to 100 pg/mL. Interestingly, the ICsg value for viral entry inhi-
bition obtained for NTL-125 (i.e., 50nM) is similar to that of SARS-CoV-2
RBD specific monoclonal antibodies (Chen et al., 2020) that effectively
neutralized pseudo-virus entry with ICsy ranging between 34-70 nM.
These results re-establish the therapeutic potential of lectins and
confirm that NTL-125 is the more potent one between the two lectins
studied here.

The interaction with the receptor binding domain of spike protein is
the determining factor for SARS CoV-2 virus infection (Shang et al.,
2020). In vitro analyses of the virus replication assay in human cell
exhibited significant reduction of the viral replication by NTL-125 at a
very low concentration. Docking experiments conducted on spike pro-
tein with three lectins (ASAL, NTL-125 and 3DZW-V36L) revealed that
all the lectins interact with spike protein (Fig. 5, S11, S12) but only
NTL-125 showed stable binding with RBD. Significantly lower free en-
ergy between NTL-125 and RBD interaction was observed compared to
the same between RBD and ACE-2 due to higher number of interacting
residues (36 of RBD and 44 of NTL-125 in contrast to 32 of RBD and 27
of hACE-2) within SA distance zone, respectively. Also, more negative
binding free energy during interaction between NTL125-spike protein
than that between spike protein-hACE2 suggests more stable binding in
the case of former interaction. The sub-nanomolar binding constant
indicates strong binding of NTL-125 with the S-protein. It may be
mentioned here that many human monoclonal antibodies that effec-
tively neutralized SARS-CoV-2 have binding constants in the nanomolar
range (Wang et al., 2020).

NTL-125 has more antiviral potential than ASAL. Multiple Sequence
Alignment (MSA) of NTL-125, ASAL and 3DZW-V36L (Fig. S13A) was
performed to analyze the relative positions of the corresponding inter-
acting amino acid residues. The highlighted residues (in black
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background) of NTL-125 interact with the spike protein. It again shows
that the C-terminal extended region of NTL-125 protein is primarily
responsible for the interaction with the spike protein as out of the 30
residues (residues 110-139) of the terminal extension 14 residues (chain
W: 110-113; chain V: 117-123, 127,131, 139) are found within the 5A
interaction zone of RBD (Table 2). It has been experimentally demon-
strated in the literature that helical peptides are strong inhibitors of
interaction between the spike protein and hACE2 (Shang et al., 2020).
This makes NTL-125 uniquely suitable as antiviral protein against
SARS-CoV-2.

Further support for the importance of the C-terminal region of NTL-
125 in its interaction with RBD was obtained from the docking study of
RBD with in silico mutated NTL-125 (Table 3). Elimination of the C-
terminal tail (110-139) significantly reduced the binding affinity as
observed by more than 40-fold increase in the dissociation constant
(Table 3). The stretch 81-83 identified within the RBD interaction zone
was also verified by the in-silico mutation study as replacing the
respective single residues by alanine led to loss of binding affinity in all
cases. Thus, the in-silico NTL-125 mutation data is consistent with
identification of the interacting residues given in Table 1.

Soon after being discovered in Wuhan, SARS-CoV-2 mutated with
changes D614G, and E484K, showing increased infectivity, immuno-
suppression, and reinfection properties. Gradually various strains such
as B.1.1.7 with deletion of residues 69-70 with P681H mutation, B.1.351
(501.V2) with N501Y mutation, B.1.617 with G142D, E154K, L452R,
E484Q, D614G, P681R, Q1071 H mutations, B.1.618 with E484K mu-
tation and many other, were identified in various countries. Mutations
led to some changes in the key amino acids of the spike protein resulting
in altered binding efficiency with hACE2 receptor as shown in Table S1.
Fast evolving SARS-CoV-2 variants having increased binding efficiency
to hACE2 are imposing threat to human beings with capabilities of im-
mune escape, super virulence and higher infectivity features (Korber
etal., 2020; Tegally et al., 2021) leading to increased fatality rate (Table
S1). Recently Shang et al., (2020) demonstrated that increased trans-
missibility is correlated with the higher binding affinity of the mutants
to hACE2. Rapid rate of viral mutations and immune escape capability
currently are of great concern as to whether the vaccines would remain
effective over a long period under this quickly changing scenario.
Currently many countries are facing these challenges where death toll
has gone up significantly.

Individual docking approach has been undertaken for several
mutated spike proteins interacting with NTL-125 and hACE2 separately
which showed no significant RMSD changes for the complexes (Table 2.)
Interestingly, all the mutant spike with NTL-125 complexes showed
lower free energy changes and higher binding affinity compared to the
corresponding mutant spike -hACE-2 complexes. The gain in free energy
(AAG) of the mutant spike -NTL-125 complexes over that of the mutant
spike -hACE2 complexes in most of the studied cases are quite significant
and over 1 kcal/mole (Table 2) except for spike mutant number 2, 8 and
9. Mutant 7 (N501Y, D614G) showed the maximum AAG of 2.0 kcal/
mol and the binding involves 3 more amino acids (V: D35, T: S11 and T:
H53) compared to the original (wild type) spike protein interaction. This
particular mutant variant is responsible for increased infectivity (Table
S1), through altered binding pattern with hACE2. Our data shows that
NTL-125 can be most effective against this particular mutant. Mutant 5
(E484K, D614G), also responsible for increased infectivity, showed
effective binding with NTL-125 with all native residues along with 2
more amino acids from NTL-125 (T104 and K139). Interacting residues
of mutant spike proteins within 3A and 5A radius, bound with NTL-125
and bound with ACE2 were also identified. For Mutant 5 and 11, one
extra amino acid K444 on spike protein was found to interact with NTL-
125. For Mutant 12 and 13, Q474 of spike protein was found to interact
with NTL-125 but two residues, A352, K444 that were absent in wild
type spike protein containing strain do not have any interaction with
NTL-125. Mutants 1, 2, 3, 4 and 5 showed impaired interaction at L492
and S494 positions with hACE2 (Table 1). Likewise, Mutants 7, 9, 10, 11
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and 13 showed impaired interactions for the respective (P499, G504),
(S494, G504), S494, L492 and S494 amino acid residues. Docking study
also demonstrated that mutants 4, 5, 7, 8 and 13 attained additional
interaction ability mediated by Y421 residue. Table 2 shows the
comparative analyses of various ACE2-Spike and NTL-125-Spike com-
plexes in terms of differences of binding free energy and Kq values. The
data clearly show that NTL-125-mutant spike protein interaction is
thermodynamically more favorable than the corresponding ACE2-
mutant interaction. This ensures that NTL-125 can efficiently inhibit all
the mutants including Delta Plus spike variant / Mutant 1 (K417N) from
attaching itself to hACE2 protein.

Conclusion and future perspective

Overall, our data demonstrate that mannose binding monocot plant
lectin, NTL-125 interacts with SARS-CoV-2 and all its mutant variants
with higher efficiency compared to hACE2 so that the virus would be
captured by the NTL-125 blocking the path to its entry into the host. We
have shown that NTL-125 is uniquely suitable for the antiviral activity
against SARS-CoV-2 among three lectins studied here because of (i) the
existence of unique 30 residue C-terminal helical tail region that
strongly interacts with RBD; (ii) the zone of interaction of RBD with
NTL-125 significantly overlaps with that of hACE2. Since the RBD-NTL-
125 interaction is of higher affinity than the RBD-hACE2 interaction,
NTL-125 can prevent the virus from binding to the ACE2 receptor and
thus block cell entry; (iii) NTL-125 can also recognize and more effec-
tively bind even the mutated spike proteins that is continuously
evolving;(iv) its special ability to interact with some glycan moieties of
S-protein disrupting the protective viral shield and strengthening the
binding interaction. Both experimental and in silico data firmly establish
the therapeutic potential of NTL-125 towards the possible management
of COVID-19. Being a glycoprotein bio-macromolecule from plant
origin, NTL-125 can be an environmentally safe candidate as found from
the cytotoxicity data. There is immense biotechnological potential to
develop NTL-125 based anti-COVID-19 agent as well as a COVID-19
detection kit in this continuously changing pandemic scenario.
Through this investigation, we would like to establish the efficacy of the
novel lectin NTL-125 against SARS-CoV-2. The possible mode of
administration of this novel lectin NTL-125 either intramuscularly or
intranasally is subjected to further research.
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