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Abstract: The Severe acute respiratory syndrome-Corona virus-2 (SARS-CoV-2) which is responsi-
ble for recurring pandemics takes advantage of host-cell processes including the glycosylation path-
way. The heavily glycosylated spike protein assists viruses in attachment and penetration. The N-
glycans of N-terminal domain N165 and N234 play a significant role in conformational dynamics of
the receptor-binding domain (RBD) with angiotensin-converting enzyme 2 (ACE2). In addition, the
deletion of N-glycan sites N331 and N334 have been associated with reduced infectivity. This signi-
fies the importance of targeting the N-glycans making them unavailable for interacting with the
ACE2 receptor, ultimately leading to reduced infectivity. These glycans can be specifically targeted
and can be used for designing SARS specific drugs or neutralizing molecules. In the current study,
lectins Griffithsin, Cyanovirin-N, Cyanovirin homolog, and BanLec H84T were used for targeting
N-glycans of the spike protein. Molecular docking programs AutoDock Vina and HADDOCK were
used to study lectin-glycan interactions. The interactions look convincible in accordance with the
lowest interaction energies best-fit approach but the characteristic feature (scoring functions) of the
docking programs are questionable concerning Lectin-Glycan interactions exist in nature. There is
a high need of the hour for the development of specific algorithms for docking glycans with a pref-
erential selection of terminal residues.

Keywords: angiotensin-converting enzyme 2; BanLec H84T; Cyanovirin; glycosylation; Griffithsin;
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1. Introduction

The Severe acute respiratory syndrome-Corona virus-2 (SARS-CoV-2) is a single-
stranded RNA virus with a large trimeric spike (S) protein extending from the surface of
the virion (Walls et al., 2020; Wrapp et al., 2019; J. Zhang et al., 2021). The spike protein
assists the virus in attachment and penetration by binding to angiotensin-converting en-
zyme 2 (ACE2) of lungs, arteries, heart, kidney, and intestines and transmembrane serine
protease 2 (TMPRSS2) of pneumocytes (Cui et al., 2022; Yin et al., 2022). These viruses take
advantage of host-cell processes including the glycosylation pathways (Duan et al., 2020;
Tian et al., 2021; Watanabe et al., 2020) to embellish their protein surface with glycans. Of
all the four envelope proteins, spike protein is extensively glycosylated, which is respon-
sible for viral attachment, fusion, and entry (Benton et al., 2020). Recent glycan profile
characterization studies have identified 22 N-glycosylation and 2 O-glycosylation sites
(Shajahan et al., 2020; M. Wang et al., 2021; Watanabe et al., 2020; Y. Zhang et al., 2021).
The glycans are host-specific (Y. Zhang et al., 2021) and composed of high mannose, hy-
brid and complex type structures. The N-glycans N165 and N234 play an indispensable
role in modulating the conformational dynamics of the receptor-binding domain (RBD)
thereby influencing ACE2 recognition (Casalino et al., 2020) whereas reduced infectivity
is associated with deletion of N331 and N343 glycosylation sites (Li et al., 2020). Similarly,
the N-glycans of the 52 subunit may play a significant role in S1/S2 cleavage and mem-
brane fusion priming (Lavie et al., 2022; Peacock et al., 2021). The overall analysis of spike
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proteins reveals the presence of Ser494 in the receptor-binding loop (RBL) of SARS-CoV-
2 alone. Which could be a potential O-glycan site in making and could play a prominent
role in the recognition of ACE2 and RBD binding dynamics. The molecular dynamic (MD)
studies by Rahnama et al., (2021) predicts that O-glycan at Ser494 increases the RBD-ACE2
binding affinity. The N-/O-glycans serve as novel antiviral therapeutic drug targets as
they exhibit a pivotal role in viral attachment and penetration (Zhao et al., 2021). The cur-
rent study focuses on proteins like lectins, which have a high binding affinity to glycans
serving as potent antivirals.

Lectins are a group of non-immunogenic proteins, which are ubiquitously available
in nature, having a high affinity toward glycans and carbohydrates without modifying
them (Casalino et al., 2020; Riidiger & Gabius, 2001). They play a significant role in nu-
merous biological activities such as antiviral (Gondim et al., 2019; Mitchell et al., 2017),
antibacterial (El-Araby et al., 2020; Marques et al., 2018), antifungal (da Silva et al., 2018),
insecticidal (Macedo et al., 2015), anticancerous (Hung & Trinh, 2021), mitogenic and
apoptosis-inducing activities (K. Wang et al., 2019) due to their high propensity towards
glycans. The mechanism of interactions and diversity of consequences concerning lectin-
glycan interactions are not clear. The said interactions are being exploited in designing
antivirals for enveloped viruses such as Porcine delta coronavirus (Tang et al., 2022), in-
fluenza (Covés-Datson et al., 2020), Ebola Virus (Covés-Datson et al., 2019), Human Im-
munodeficiency Virus (HIV) (Hopper et al., 2017; Zhou et al., 2018), Hepatitis C Virus
(HCV) (Takebe et al., 2013). In the current study, lectins Griffithsin, Cyanovirin, and
BanLec were investigated against SARS CoV-2.

The hololectins with jacalin-like domains Griffithsin (GRFT; 2GUC; Griffithsia spe-
cies) and BanLec (4PIU; Musa acuminate) along with Cyanovirin-N (CV-N; 3GXZ; Nostoc
ellipsosporum) and its homolog Cyanovirin-N (Cyt-CVNH; 5K79; Cyanobacterium Cyan-
othece) were investigated for their antiviral potency against SARS-CoV-2. These lectins
with two/three carbohydrate-binding domains have high specificity toward the mannose
residues and usually exist in dimeric form. GRFT has 121 amino acids with three carbo-
hydrate-binding domains having Tyr (28, 69, and 110) and Asp (30, 71, and 112) each play-
ing a significant role in the interaction of GRFT with mannose residues of glycans (Lee,
2019). The due presence of three carbohydrate-binding domains and being accompanied
by the ‘GGSGG’ domain ensures high binding specificity towards mannose residues and
makes GRFT a potent broad-spectrum antiviral against the enveloped viruses like HIV,
HCV, and CoV (Lee, 2019). The In-vitro inhibitory effect of GRFT individually against
SARS CoV-2 infection and in combination with inhibitor EK1 has been reported (Cai et
al., 2020), which deliberates the necessity of composite drug combinations in nullifying
the development of resistance against the drugs. On contrary, CV-N has 101 amino acids
with two carbohydrate-binding domains having a tetrad of asparagine and glutamate res-
idues (Asn42, Asn53, Glu4l, and Glu56) in them (Bewley & Otero-Quintero, 2001). The
disulfide bridges present between Cys8-Cys23 and Cys58-Cys73 play a major role in
maintaining the binding site intact. Matei et al., (2016) and their coworkers have identified
a new homolog of Cyanovirin-N (Cyt-CVNH; Cyanobacterium Cyanothece) from cyanobac-
terium Cyanothece which has 4-fold higher potency than CV-N against HIV-1. Moreover,
the wild-type BanLec with 149 amino acids and two carbohydrate-binding sites is a potent
T-cell mitogen (Singh et al., 2014) besides inhibiting viral entry, transcription, and trans-
lation. Lectins identified so far just inhibit the viral entry but BanLec inhibits transcription
and translation too. With due unique features, it has become the lectin of importance.
Swanson et al., (2010)and their co-workers engineered BanLec and successfully created a
mutant BanLec F84T and BanLec H84T uncoupling the mitogenicity besides preserving
the lectin or antiviral activity. BanLec F84T is less mitogenic whereas BanLec H84T is non-
mitogenic. In vitro and In vivo studies determining the antiviral activity of BanLec against
HIV, Influenza and Ebola have been reported. Astonishingly, BanLec not only inhibits
viral entry but also replication and transcription of enveloped viruses (Covés-Datson et
al., 2019, 2020; Swanson et al., 2010) These studies confirm that BanLec serves as a prom-
ising broad-spectrum antiviral, anti-replication, and anti-transcriptional therapeutic drug.
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In the current study, we have employed molecular docking approaches for studying their
antiviral potentials against SARS-CoV-2.

2. Results and Discussion

The affinity values of glycans docked against the lectins GRFT, CV-N, Cyt-CVNH,
and BanLec H84T were obtained using the multiple ligand docking suite of EasyDockVina
(doi.org/10.5281/zenodo.3732170) (Supplementary Table I). The glycans were ranked ac-
cording to their binding affinities against each lectin, from which the top five were con-
sidered for manual docking using AutoDock Vina. The symbolic nomenclature of glycans
(SNEG), calculation of mass to charge (m/z) ratio, and LINCUS linear description of se-
lected glycans are tabulated (Table I).

Table I. Glycans selected for manual docking using AutoDock Vina (This includes the Glycan ID,
SNFG, m/z ratio and LINCUS linear description).

Glycan ID SNFG m/z LINCUS

[1[b-D-GlcpNAc|{[(3+1)][a-L-
Fucp]{}[(4+1)][b-D-GlcpNAc]{[(4+1)][b-D-
Manpl{[(3+1)][a-D-Manp]{}[(6+1)][a-D-
Manp]{}}}{(6+1)][a-L-Fucp]{}}

1519.7615

[[b-D-GlcpNAc]{[(4+1)][b-D-
Copme s @ GlepNAc]{[(4+1)][b-D-Manp]{[(3+1)][a-D-
2 3o 19756828 Manp]{}[(6+1)][a-D-Manp]{[(3+1)][a-D-

Manp]{}}}}}

o [1[b-D-GlcpNAc]{[(3+1)][a-L-
- — Fucp]{}[(4+1)][b-D-GlepNAc]{[(4+1)][b-D-
6 13156017 Manp]{[(3+1)][a-D-Manp]{}}}[(6+1)][a-L-

Fucp]{}}

14

Ml LRa¥C AR [][b-D-GlepNAc]{[(4+1)][b-D-
17 g 11415725  GlcpNAc]{[(4+1)][a-D-Manp]{[(6+1)][a-D-
Manp]{}}}[(6+1)][a-L-Fucp]{}}

A Y Y [1[b-D-GlepNAc]{[(4+1)][b-D-

GlcpNAc]{[(4+1)][b-D-Manp]{[(6+1)][a-D-

Manp]{[(6+1)][a-D-Manp]{}}}}[(6+1)][a-L-
Fucp]{}}

18 g 1345.6723

MY LEFTLR [1[b-D-GlepNAc]{[(4+1)][b-D-
19 g 11415725  GlepNAc{[(4+1)][b-D-Manp]{[(6+1)][a-D-
Manp]{}}}[(6+1)][a-L-Fucp]{}}
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[1[b-D-GlepNAc]{[(4+1)][b-D-
GlcpNACc]{[(4+1)][b-D-Manp]{[(3+1)][a-D-
Manp]{}[(6+1)][a-D-Manp]{[(6+1)][a-D-
Manp]{}}}}}

28 1375.6828

The interacting residues, affinity, and the root mean square deviation (RMSD) values
of the selected glycans against lectins are listed in Table II. On visual observation, the gly-
can molecule was properly fitting into the surface and cavity of the lectins (Fig. I) with
well-established interactions. The in-silico results look convincing but cannot be verified
experimentally as two major factors need to be considered. In in-silico, the orientation of
the glycan binding to the lectin is not comparable to that available in nature. To be clear,
The core of the glycan is readily attached to the protein - making only the terminal resi-
dues available to interact with the lectins. The statement is further supported by the pa-
pers published till-to-date (Bewley & Otero-Quintero, 2001; Lee, 2019; Matei et al., 2016),
which describe the specificity of lectins against the definite terminal residues but not the
whole glycans. Furthermore, lectins have well characterized carbohydrate-binding re-
gions (CBRs) but in the case of in silico, the whole glycan is fitting perfectly on the lectin
surface with non-specific interactions. Lokhande et al., (2020) have also evidenced similar
results with the molecular docking program FlexX and simulation studies using the Des-
mond module. Unfortunately, such results can lead to erroneous downstream experi-
ments, which will be catastrophic to the drug discovery community. The best among all
the docking programs for studying molecular interactions in humans is HADDOCK
(Dominguez et al., 2003; Pagadala et al., 2017), which has also produced similar results.
The other flexible docking program AutoDock Vina with Monte Carlo methods,
knowledge-based scoring function, and local optimization Broyden-Fletcher-Goldfarb-
Shanno (BFGS) method has reproduced the same erroneous results (Trott & Olson, 2010).
Regrettably, the above said molecular dynamic (MD) studies have also suggested a similar
kind of interaction, which cannot be considered anymore as the molecular docking and
simulation programs run on a similar algorithm of finding the best fit with the lowest
interaction energies or low-scoring conformations. The scoring functions of docking ma-
jorly fall into three categories: (a) force field-based, (b) empirical-based and (c) knowledge-
based. The force field-based programs refer to the orientation of the molecules in six di-
mensional rotational or translational space based on their potential energies (Fischer et al.,
2010; Kang et al., 2014). Empirical-based programs predict the best pose with lowest bind-
ing affinity (Guedes et al., 2018). Knowledge-based programs construct frequency distri-
butions of the interactions and perform statistical analysis of the complexes (Meng et al.,
2011). None of these scoring functions can be employed for studying the interactions of
glycans with lectins and/or any other biomolecules. In Pagadala et al., (2017) the accuracy
and/or efficiency of docking programs are systematically reviewed.
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Table II. The interacting residues, affinity and RMSD of the glycans against lectins.

. . . Affinity RMSD
Lectin Glycan ID Interacting residues (kcal/mol) LB UB.
GRFT Arg81, Ser96, Asn97, Asn60, Ser59,
(PDB ID: 2GUCQ) ’ Tyr57, Thré62, Ser73. 86 1.217 2200
Thr94, Asn97, Ser59, Thr76, Asn60,
12 Ser96, Glu75, Ser73, Arg81. 84 1.463 2150
Thr62, Ser73, Asn97, Asn77, Tyr57,
14 Ser59, Asné0, Ser96. 8 1420 2049
17 Ser73, Asn60, Thr62, Asn97, Thr94, 84 5355 11.229
Ser96.
Thr62, Arg81, Asn60, Ser96, Asn97,
18 Asn71, Argéd, Glu75. -8.6 4.226 13.833
Met78, Arg81, Ser73, Thr62, Thr94,
19 Asn60, Asn97. -9 1.282 2.209
Ser73, Thr94, Thr62, Asn60, Ser96
2 ! ! ’ ! ! -8.7 . .81
8 Asn97, Ser59, Arg8l. 8 3.380 8.819
CVN 7 Thr83, Cys58, Cys73, Ser52, GIn50 7.7 3.649 11.229
(PDB ID: 3GXZ) P SYSO0 YSIS, ' ‘ ‘ ‘ '
1 Ser33, GIn50, Ser52, Asp35, Ser38, 7 1757 4088
Leu9s.
14 GIn50, Cys73, GIn78, Asn53, Thr57, 75 7 698 14194
Arg76
17 Thr83, Ser38, Asn37, Asp35. -7 2.380 11.398
Leu98, Thr97, Lys99, Ser33, Asp35,
18 Ser52, Ser3s. -7.9 5.582 15.878
Thr57, Asn53, Cys58, Thr83, Ser52,
19 Pro51, GIns0. -7.1 9.105 15.487
28 Leu87, 11e91, His90, Ser33, Lys99, Asp35. -75 3.161 10.365
Cyt-CVNH Thr104, Glu32, Asn31, Tyr107, Thrl7,
(PDB ID: 5K79) 7 Asn36, Ser34, Ser19 78 0923 1.561
Ser19, Asp14, Glu32, Thrl7, Serl6,
12 Asn36, Ser34 -6.8 3.191 10.390
Serl6, Asn36, Ser34, Thr33, Asn31,
14 Thr104, Glu32, Leul05, Thrl?7. 77 2.908 12.153
Thr17, Ser34, Asn36, Ser19, Leul05,
17 Glu32, Serl6. -75 2.073 2.676
Lys24, Ser34, Glu32, Ser19, Thr17,
18 Asn36, Thr104, Asn31. 73 4.916 8.247
Leul05, Ser34, Ser19, Asn36, Thrl7,
19 Ser16, Thr104, Asn31, Glu32. 76 3.546 6:910
Asp14, Ser19, Asn36, Ser16, Thrl2,
28 Glu32, Ser34, Thrl?. -7.1 23.697 27.606
BanLec H84T Alal7, Asp19, His54, Ser58, Gly56,
(PDB ID: 4PIT) 7 Gly59, Lys130. 72 2300 12497
Ser16, Tyrb5, Tyr46, Asp19, His54,
12 7.1 4.27 11.
Thr52, Arg53, Gly56, Gly128. ? 008
14 Gly56, Ser58, His54, Thr52, Asp19, 71 5084 8081

Met20, Tyr46, Arg53, Tyr55.
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Phel31, Gly59, Ser58, Lys130, Asp133,

Y Gly128, Ser16. -6.9 28.881 32.402
18 Met20, Gly56, Gly128, His54, Tyr46, 73 27333 708
Argb3, Tyr55.
Thr52, Arg53, Ser58, Gly56, Gly128,
" Gly129, His54, Asp41, Thr50. -6.6 27.019 29.059
08 Tyr55, Arg53, Gly59, Gly129, Ser58, 4 77 058 2060

Gly56, His54.

()

(b)

(d)

Figure I. The results obtained from docking studies shows the interaction of lectin (a) Griffithsin,
(b) Cyanovirin-N, (c) Cyanovirin Homolog, and (d) BanLec H84T with selected glycan 7 (red), 12
(green), 14 (blue), 17 (limon), 18 (hot pink), 19 (teal) and 28 (orange). The ligands can be observed
showing non-specific interactions and fitting onto the surface.

Possibilities include the docking of terminal monosaccharides as individual mole-
cules with lectins followed by superposing the bound monosaccharide with the whole
polysaccharide or glycoprotein of our interest. The prepared molecule has to be energy
minimized before using for further downstream processing. The other way is to nullify
the hydroxyl groups of all the saccharides, which are to be excluded from the interaction,
and proceed for docking. Chemists, Biologists, and Computer scientists have to come
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forward with sophisticated tools like pdb4amber or antechamber for the generation of
output files of the required format and/or specific algorithms for docking glycans with a
preferential selection of a particular monosaccharide. On the other hand, the CBR data of
lectin specificity from 3D structure analysis, Isothermal titration studies even be further
confirmed by either experimentally or MD studies. As observed in the case of Snake gourd
seed lectin (SGSL) where although the lectin chain of SGSL has two binding sites in the
la and 2y subdomains but only one can retain (2y) the Me-o-Gal (Chandran et al., 2018).
The results from the docking softwares should not be blindly trusted but should be cor-
roborated with the similar structures available in the pdb database.

3. Conclusion

The arena of bioinformatics is taking huge strides but only a minuscule advancement
is observed in the area of glyco-informatics. The robust methods of docking in glycobiol-
ogy are still in infancy. The docking tools available for studying lectin-glycan interactions
have their own limitations. The published data using docking and MD tools evidences the
low interactions energies based best-fit approach may lead to insignificant docking in the
case of glycans or polysaccharides. Hence it’s highly suggestible to corroborate the same
with crystallized PDB complexes before proceeding with downstream experiments.

4. Materials and Methods:
4.1. Glycan Library Preparation and Selection

The Glycan library was populated from the available PDB files and high-resolution
LC-MS/MS  studies. The multiple ligand docking program EasyDockVina
(doi.org/10.5281/zenodo.3732170) was used to find the affinity values for each glycan
against lectins. Glycans with the highest affinity against at least two lectins were selected
for a manual docking. Glycan Builder (Damerell et al., 2012) was used to build the Sym-
bolic Nomenclature of Glycans (SNFG), calculation of mass to charge (m/z) ratio, and gen-
eration of LINCUS linear description. MGL Tools 1.5.6 was used generation of pdbqt files
of glycans required for docking.

4.2. Lectins Selection and Preparation

Lectins with proven antiviral capabilities such as Griffithsin (GRFT; 2GUC) from red
alga Griffithsia species, Cyanovirin-N (CV-N; 3GXZ) from cyanobacterium Nostoc ellipso-
sporum, Cyanovirin-N homolog (Cyt-CVNH; 5K79) from cyanobacterium Cyanothece,
and BanLec H84T (4PIT) mutant of BanLec (Musa acuminata) created by Swanson and his
Co-workers were selected for studying the lectin-glycan interactions. BIOVIA Discovery
Studio was used for the removal of water, existing ligands, and protein chains wherever
necessary. MGL Tools 1.5.6 was used for the addition of polar hydrogens, gastegier
charges, kollman charges, and generation of pdbqt files of lectins required for docking.

4.3. Molecular Docking

MGL Tools 1.5.6 was used for the generation of the Grid parameter file. Further, mo-
lecular docking of glycans against lectins was carried out using HADDOCK (Dominguez
et al., 2003) and AutoDock Vina (Trott & Olson, 2009). The output files were visualized
and analyzed using BIOVIA Discovery Studio.
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RBD, receptor binding domain; ACE2, angiotensin-converting enzyme 2; TMPRSS2, transmem-
brane serine protease 2; HIV, Human Immunodeficiency Virus; HCV, Hepatitis C Virus; CV-N, Cy-
anovirin; GRFT, Griffithsin; Cyt-CVNH, a new homolog of Cyanovirin-N from cyanobacterium Cy-
anothece; SNFG, symbolic nomenclature of glycans; RMSD, root mean square deviation; CBRs, car-
bohydrate binding regions; MD, molecular dynamic; SGSL, Snake gourd seed lectin (SGSL)
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Supplementary Table I Binding affinity values of glycans against lectins (GRFT, CV-N, Cyt-
CVNH and BanLec H84T) generated using EasyDockVina (Top 5 values in each row are

highlighted in grey).
Affinity(kcal/mol)

Glycan ID GRET CVN Cyt-CVNH BanLecHS4T
1 7.6 6.6 6.4 6.3
2 6.3 49 6.5 5.6
3 64 6.3 6.8 53
4 6.5 49 5.7 5.7
5 6.4 5.1 5.8 6.2
6 6.5 53 52 57
7 8.6 6.9 8.4 72
8 8.6 6.9 6.9 6.8
9 -7 6.1 -7 6.8
10 6.8 5.8 6.1 6.2
11 8.2 7 6.6 6.8
12 9 75 74 7.3
13 8.3 6.9 6.9 6.4
14 8.8 8 57 6.8
15 8.2 6.7 6.6 6.9
16 76 6.1 -6 538
17 87 71 577 7.3
18 92 74 738 75
19 93 -7 7.3 E
20 8.2 6.1 6.2 E
21 8.1 6.2 6.6 6.3
22 7 5.3 59 -6
23 6.2 49 538 52
24 7.7 6.8 7.3 71
25 7.1 6.1 6.4 5.8
26 5.1 41 49 48
27 6.7 5.4 6.4 6.2
28 8.4 7.6 8 -7



https://doi.org/10.20944/preprints202208.0515.v1

