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Abstract
Lectins are non-immune carbohydrate-binding proteins/glycoproteins that are found everywhere in nature, from bacteria 
to human cells. They have also been a valuable biological tool for the purification and subsequent characterisation of gly-
coproteins due to their carbohydrate binding recognition capacity. Antinociceptive, antiulcer, anti-inflammatory activities 
and immune modulatory properties have been discovered in several plant lectins, with these qualities varying depending 
on the lectin carbohydrate-binding site. The Coronavirus of 2019 (COVID-19) is a respiratory disease that has swept the 
globe, killing millions and infecting millions more. Despite the availability of COVID-19 vaccinations and the vaccination 
of a huge portion of the world's population, viral infection rates continue to rise, causing major concern. Part of the reason 
for the vaccine's ineffectiveness has been attributed to repeated mutations in the virus's epitope determinant elements. The 
surface of the Coronavirus envelope is heavily glycosylated, with approximately sixty N-linked oligomannose, composite, and 
hybrid glycans covering the core of Man3GlcNAc2Asn. Some O–linked glycans have also been discovered. Many of these 
glyco-chains have also been subjected to multiple mutations, with only a few remaining conserved. As a result, numerous 
plant lectins with specificity for these viral envelope sugars have been discovered to interact preferentially with them and are 
being investigated as a potential future tool to combat coronaviruses such as the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) by preventing viral attachment to the host. The review will discuss the possible applications of plant 
lectins as anti-coronaviruses including SARS-CoV-2, antinociceptive, anti-inflammation and its immune modulating effect.
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Introduction

Cell surface glycoconjugates coat are important in a vari-
ety of biological pathways, including cell–cell adhesion, 
inflammatory translocation, host–pathogen interactions, 
immune response initiation, and cancer metastasis [1–4]. 
Carbohydrate-binding proteins that traverse the surface of 
opposing cells are involved in all of these activities [5]. 
Plant parts such as leaves, barks, seeds, and roots have been 
utilised by human groups in the prevention and treatment 

of diseases, as well as for healthcare, since ancient times 
[6]. Over 90% of folk medicine treatments in Africa and 
Asia are made up of plants, and the bulk of these medicines 
are employed by peasants or nomads. These plant products 
have long been used to treat a variety of illnesses, including 
infectious disorders caused by bacteria, fungus, and viruses, 
as well as non-communicable diseases like heart disease, 
cancer, diabetes, and chronic lung disease [7, 8]. The cur-
rent analgesia-inducing pharmaceuticals, such as opioids 
and non-steroidal anti-inflammatory drugs (NSAIDs), are 
widely believed to be unsuitable for many patients because 
to their side effects and low efficacy [9]. As a result, new 
drug development becomes necessary. The accidental dis-
covery in 1888 by German doctoral student Peter Hermann 
Stillmark that the castor bean (Ricinus communis) extract 
can agglutinate erythrocytes, a mechanism later confirmed 
to occur through erythrocyte surface glycoconjugates, had 
marked a watershed moment in our current understanding 
the plant carbohydrate-binding proteins in particular, as well 
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as their animal/microbial equivalents in general [10]. These 
glycan-interacting proteins were given the name lectin, 
which comes from the Latin word "legere," which meaning 
"to choose or take up." In the years afterwards, research 
has proven the presence of such proteins not just in plant 
and animal cells, but also in bacteria, viruses, yeast, and 
parasites, where they may help these microorganisms bind 
to glycoproteins and glycolipids and permeate the host cell 
surface [11]. These proteins have been characterised as any 
multivalent protein/glycoprotein that has at least one non-
catalytic domain that can bind reversibly with sugars or car-
bohydrates and hence produces glycan interaction [12, 13]. 
Lectins are assigned to conduct several biological functions 
such as endocytosis, act as intracellular transport vehicles for 
glycoproteins, and regulate the protein composition in the 
blood due to their specific carbohydrate-binding site(s) [14]. 
Animal lectin was identified in 1872 before plant lectin, 
however it was not recognised as a glycan-binding protein 
[15]. Although there are no obvious structural similarities 
between animal and plant lectins, they both have the abil-
ity to interact with and recognise certain glycan receptors, 
underscoring the importance of these proteins in molecular 
recognition [16]. Plant lectins are found in practically every 
area of the body plant like seeds, leaves, bark, stem, flower, 
roots, etc., but animal and microbial lectins are found in 
much less quantities [17, 18].

Plant lectin can account for up to 10% of the total soluble 
protein in the seeds [19, 20]. The abundance of plant lectin 
[21], their ease of isolation [17], and the rapid advancement 
in affinity chromatography preparation that facilitated the 
purification of plant lectin in a single or two steps [22, 23], 
have all aided in conducting in-depth studies to resolve the 
ambiguity of their structures, possible biological effects, 
and clinical applications. Despite the fact that many plant 
lectins have similar primary and secondary structures, they 
have distinct biological effects, which are most likely due to 
their various glycan recognition specificities. Furthermore, 
scientific evidence is growing that several plant lectins 
have antinociceptive, anti-inflammatory, antioxidant, and 
gastroprotective activities. Others are known to suppress 
a wide range of microorganisms, including viruses, 
parasites, nematodes, and bacteria [24–28]. Coronavirus 
is the principal cause of COVID-19, an acute respiratory 
illness that originated in Wuhan, China and produced 
a worldwide outbreak that killed millions and sickened 
millions [29]. To combat the disease's high mortality and 
morbidity rates, many vaccinations have been developed and 
licenced around the world. The efficacy of these vaccines, 
however, is questioned due to the increased frequency of 
virus spike protein changes [30–32]. However, because 
the various N-linked glycosylation points of coronavirus-2 
protein, which play a key role in viral virulence, are largely 
conserved, the possibility of using carbohydrate-binding 

agents like lectins to target the virus' glycans and thus 
interfere with its initial binding stage to the host cell surface 
receptors has been explored [33–35]. In this review, we 
will go through the possible usefulness of plant lectins in 
combating coronavirus illnesses, as well as their antiulcer, 
anti-inflammatory, and antinociceptive properties.

The glycosylation of spike protein

Spike (S), membrane (M), envelope (E), and nucleocapsid 
(N) proteins are the four primary structural proteins of 
the coronavirus. SARSCoV-2's principal structural pro-
tein antigen, spike protein (S), mediates coronavirus fusion 
into susceptible human cells through interactions with 
the angiotensin-converting enzyme-2 (ACE-2) receptor 
[36]. Unlike other SARS-CoV-2 viral proteins, however, 
it is responsible for inducing the host immune response, 
and antibodies directed against the S protein can provide 
protection against future infections [37]. The S protein 
(180–200 kDa) is a homotrimer made up of two subunits, 
S1 and S2, that are connected by a membrane-embedded 
serine 2 protease. The receptor-binding site is found in 
S1, while the viral fusion is found in S 2. Cryo-EM and 
mass spectrometry structural studies of the Spike protein 
revealed that it is heavily glycosylated, with as many as 
66 N-glycosylation points (22 per monomer), covering the 
protein's surface and helping to mediate the pathogen's vir-
ulence while also shielding the vulnerable viral receptor- 
binding domain (RBD) from neutralising human anti-
bodies [38, 39] Fig. 1. The glycosylation sites N165 and 
N234 (mannose-rich glycans), which are positioned near 
the ACE-2 RBD and have been discovered to have a role 
in the ACE2-S protein interaction by all-atom molecular 
dynamic modelling (MD), are of particular interest. The 
receptor glycan interaction was effectively reduced, but 
not completely eliminated, by point mutations of N165A 
and N234A, which caused in glycosylation depletion at 
these locations. Glycoproteins on the envelope of SARS 
CoV-2 point to potential uses of lectins as a therapeutic 
method [40]. When a virus is budding, the host cell creates 
a two-layer envelope, which makes the virus's components 
reliant on the cell membrane of origin [41]. In the layers 
of the SARS-CoV-2 envelope, host enzymes glycosylate 
a few of the proteins. These glycoproteins assist the virus' 
adherence, invasion, and entrance as well as the devel-
opment and control of immune responses. Examples of 
glycoproteins on the envelope of SARS-CoV-2 that play 
crucial roles in its pathogenesis include the spike and 
membrane proteins known as S-protein and M-protein, 
respectively. The S-protein forms trimers and interacts 
with the angiotensin-converting enzyme 2 (ACE2) to 
mediate the adhesion between SARS-CoV-2 and the host 
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cell [42]. There are three potential O-glycosylation sites 
and 22 potential N-glycosylation sites located in subu-
nits S1 and S2, respectively. Regarding this, the S1 gly-
coprotein of SARS-CoV-2 reveals ligands for a number of 
innate immunological receptors, especially C-type lectin 
receptors (CLRs), which are known to bind certain glycans 
primarily in a way dependent on C-type lectin. Immune 
system cells like macrophages, dendritic cells (DCs), and 
monocytes commonly express CLRs, such as macrophage 
mannose receptor (MMR), macrophage galactose-type 
lectin (MGL), dendritic cell-specific intercellular adhe-
sion molecule-3-grabbing non-integrin (DC-SIGN), lymph 
node-specific intercellular adhesion molecule-3-grabbing 
integrin (L-SIGN), and Dectin-2. All SARS-CoV-2 vari-
ants classified as variants of interest (B.1.427/epsilon, 
B.1.429/epsilon, B.1.525/eta, B.1.526/iota, B.1.617.1/
kappa, B.1.617.3, and P2/zeta) and variants of concern 
(B.1.1.7/alpha, P.1/gamma, B1.351/beta, B.1.617. Data 
indicate that with the S-614G variation, half of the N- 
glycosylation sequences altered their glycan distribution. 
These findings highlighted the potential importance of 
these glycosylation sites in appropriately orienting the 
virus's receptor binding domain conformation [43] and 
references mentioned therein). Several researchers have 
reported recurring mutations at N-glycans utilising vari-
ous expression vectors [39]. Despite this, 19 glycosylation 
sites were discovered to be preserved. However, only a lit-
tle amount of O-7 glycosylation has been discovered [31]. 
The SARS-CoV-2 genome was expressed on the human 
cell line HEK-293, which resulted in a variety of compli-
cated glycosylation patterns, most of which were of the 
mannose-rich type glycan.

Targeting SARS‑CoV spike glycoprotein 
with lectin

Drug repurposing has already begun in the search for an 
appropriate and effective treatment for SARS-CoV-2 infec-
tion. The inclusion of antimalarial medications like chlo-
roquine and hydroxychloroquine in the COVID-19 therapy 
regimen sparked a lot of criticism before they were discon-
tinued after being found to be ineffective [44, 45]. Anti-
cancer medicines have also been postulated as potential 
inhibitors of viral replication; however, the increased toxic-
ity associated with their administration has been challenged 
[46]. As previously noted, the extensively glycosylated sur-
face of the SARS-CoV-2 S protein made it an appealing 
choice for lectins that bind to glycans, particularly those that 
have a plausible interaction with these glycans.

It is widely assumed that they will prevent the virus 
from attaching to host cells by generating a conformational 
shift that favours exposing the virus's epitope recognition 
site, so neutralising the virulent effect of the provoked 
immune response (Fig. 1). The presence of two glycosyla-
tion sequences N165 and N234 near the RBD of the spike 
protein, which are mostly made up of Man3 GlcNAc core, 
could be an attractive target for plant lectins with complex-
type biantennary oligo-mannosyl saccharides. Greig and 
Bouillant discovered substantial binding of Concanava-
lin A (ConA), a lectin from the Canavalia ensiformis, to 
encephalomyelitis virus, a Coronavirus, over four decades 
ago. Snake venom phospholipase removes viral surface 
glycans. ConA-virus interactions were no longer possible 
highlighting the significance of the sugar chains in viral 
attachment [47].

Fig. 1   The spike protein is broken down by host proteases into two 
functional subunits, S1 (blue) and S2 (red) (shown in pink). S1, 
which forms the trimer's apex, is crucial for lectin attachment and 

glycosylation. S2 is in charge of fusing with the membrane. Lectin 
glycosylated with the S1 spike protein of SARS corona virus
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Urtica dioica agglutinin (UDA), on the other hand, is a 
tiny 8.7 kDa lectin isolated from the Nettle (Urtica dioica 
L.), with a specificity for N, N′, N′′- tri-acetyl chitotriose 
(polymer of acetylated acetylglucosamines). This peptide 
lectin has a hydrophobic binding region adjacent to its 
sugar-binding site in addition to its sugar-binding site [48]. 
It stops SARS-CoV from replicating by interfering with 
viral attachment to the host cell, most likely by binding 
to N-acetylglucosamine (GlcNAc) units in the spike 
protein [49, 50]. The effect of the mannose-binding lectin 
griffithsin on MERS-CoV infection was investigated, and it 
was discovered that griffithsin, despite having no apparent 
cytotoxicity, had a strong inhibitory effect on MERS-CoV 
infection by binding to the mannose-rich viral surface 
protein [51].

In several other articles, the same lectin was shown to 
have a broad antiviral spectrum. The N-linked glycosylation 
sites on HIV-1 gp-120 have been confirmed to be recog-
nised by griffithsin; lectin binding causes a change in the 
structure of gp-120, exposing the virus CD4 binding site 
[52, 53]. Similar results were achieved for the lectin from 
the banana (Musa acuminata), which inhibited HIV-1 by 
recognising the mannose-rich gp-120 viral outer layer gly-
coprotein in a range of picomole levels and thereby interfer-
ing with viral adherence to human cells [54]. A collection of 
33 plant lectins with various specificities was tested, and the 
strongest antiviral action was found to be confined to lectins 
with the highest mannose binding specificity [55]. Using 
Vero B4 cells, antiviral activity of Wheat Germ Agglutinin 
(WGA) purified from Triticum vulgaris was discovered not 
only against the initially emerged SARSCoV-2, but also 
against its recent major two variants Alpha and Beta, with 
an IC50 of 10 ng/mL at both the pre-incubation period with 
the virus and during the viral infection. Surprisingly, this 
lectin exhibited a tight specificity for coronaviruses, as it 
had no effect on non-coronaviruses that cause respiratory 
distress [56].

Barre and his colleagues looked at the viral envelope 
shielding glycans of several viruses, including Ebola, 
herpes simplex, human cytomegalovirus, human immu-
nodeficiency virus, inf luenza, chikungunya, Lassa, 
MERS-CoV, SARS-CoV, SARS-CoV-2, and Zika, all of 
which had high coat glycan heterogeneities. They pro-
posed homodimeric mannose-specific legume lectins 
with a high affinity for the 1,6 fucosylated Man3 3Glc-
NAc2 core based on this. They came to the conclusion 
that lectins from Pisum sativum, Lens culinaris, Lathyrus 
ochrus, Canavalia ensiformis, Pterocarpus angolensis, 
and Vicia faba could be classed as having the best capa-
bility for binding SARS-CoV-2 spike envelopes [34, 57]. 
They did not consider these lectins to be coronavirus 
replication inhibitors because they only bind to the man-
nose-rich glycan receptors on the viral envelope surface 

and do not interfere with the inside viral genome, but 
they could be used in the future to prevent viral attach-
ment to host cells and thus block the early stages of viru-
lence processes (Fig. 2).

In N-glycans (GlcNAc), N-acetylglucosamine is fre-
quently the first sugar residue discovered. It is linked to the 
nitrogen of the Asn amide in the protein. Asn—X—Ser/
Thr is the target sequence for N-glycosylation; X can be any 
amino acid residue other than Pro or Asp. Pro's side chain 
would cause steric hindrance, whereas Asp's negatively 
charged side chain would result in unfavourable interactions 
with negatively charged sugar residues. In several bacterial 
glycoproteins, an Asn residue has been linked to Glc, Gal-
NAc, and L-Rha. There are three families of N-glycans: 
complex type, elevated mannose variety, and hybrid kind. 
They share a Penta saccharide core and are all derived from 
the same precursor oligosaccharide.

N-acetyl galactosamine (GalNAc) is usually the 
first sugar residue to remain when oligosaccharides in 
O-glycans are connected to a hydroxyl group of either 
serine or threonine. Less frequently, galactose, mannose, 
or xylose form O-glycosidic connections with Ser or 
Thr. The Ser or Thr hydroxyl group is linked to a single 
N-acetylglucosamine residue in the majority of nuclear and 
cytosolic proteins that are glycosylated. These exceptions 
include a number of transcription factors and proteins that 
are part of the nuclear pore complex. One Gal residue or 
glucosyl galactose disaccharide is added to hydroxylysine 
(Hyl) to glycosylate it (Table 1).

Fig. 2   The N – linked glycosylation types – complex, hybrid and high 
mannose; O linked glycosylation (www.​cryst.​bbk.​ac.​uk)

http://www.cryst.bbk.ac.uk
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Potential applications of plant  
lectin as antinociceptive 
and anti‑inflammatory agents

Apart from the current surge in demand for effective and 
strong analgesics, which has been followed by careful pro-
gress in pharmaceutical biotechnology and drug discovery, 
the demand for effective and powerful analgesics remains 
constant [72]. Morphine, thebaine, and the recently identi-
fied and commercialised serratiopeptidase are just a few of 
the regularly prescribed medications that were first taken 
from medicinal plants [73, 74]. Local populations across the 
globe, particularly in Africa and Asia, have long used various 
plant parts for pain treatment and inflammation reduction. 
Traditional medicine is believed to be used by 65 percent 
of Indians and 90 percent of Sudanese people, respectively 
[75, 76]. Treating experimental animals with clove aque-
ous extract considerably increased the latency period upon 
thermal stimulation (hotplate test), demonstrating the plant's 
analgesic properties. Clove (Syzygium aromaticum) buds are 
commonly used by indigenous to cure toothache [77]. Pep-
permint leaves, a fragrant herb, are used to calm an upset 
stomach on a regular basis [78]. The anti-inflammatory and 
antinociceptive activities of mint oil derived from three spe-
cies, Mentha piperita L. var. pallescens, Mentha spicata L. 
subsp. Crispata, and Mentha suaveolens Ehrh, were investi-
gated [79]. While various plant crude aqueous extracts have 
been evaluated for antinociceptive qualities and found to 

be effective, only a few studies have been published on the 
subject. Variable approaches such as abdominal writhing, 
formalin, and the hotplate tests are often used to investi-
gate lectin anti-nociceptive effects in mouse and rat models. 
Anti-inflammatory responses are frequently tested by induc-
ing paw oedema in animals using carrageenan, dextran, or 
serotonin. The migration of neutrophils and leukocytes into 
the peritoneal cavity is monitored in order to confirm the 
anti-inflammatory effect of lectins [80]. When mice were 
confronted with 1% carrageenan-induced inflammation 
and 0.8 percent acetic acid-induced abdominal writhing, an 
affinity-purified galactose-specific lectin isolated from the 
leaves of Bauhinia monandra demonstrated antinociceptive 
and anti-inflammatory effects in a dose-dependent man-
ner. There was a 60 percent reduction in inflammation at a 
dosage of 60 mg lectin/kg mice. In the case of acetic acid 
pain induction, the anguish decrease was 71.3 percent. The 
presence of lectin in this plant, according to the authors, is 
responsible for the plant's widespread usage in traditional 
medicine as an anti-inflammatory and analgesic agent [81]. 
The anti-inflammatory activity of a heterodimer lectin-like 
protein isolated from the seeds of Clitoria fairchildiana was 
64 percent attenuation in the mouse paws oedema caused by 
carrageenan administration. The lectin also stopped neutro-
phils from migrating. When mice were given acetic acid to 
generate pain, this lectin showed a 72 percent reduction in 
belly writhing, indicating that it had both anti-inflammatory 
and antinociceptive properties [82]. Several algal lectins 

Table 1   Lists lectins from plants and algae that have been shown to have antiviral activity, as well as recent publications on SARS-CoV-2

Plant/algae Family Plant subunit / Mw Targeted glycan Inhibition References

Myrianthus holstii Engl Urticaceae Stem, Root Monomeric/9 kDa N-acetylglucosamine HIV-1RF [58]
Musaacuminata Colla* Musaceae Fruit Homodimeric/13 kDa MERS-CoV, SARS-CoV-2 

including variants Alpha 
and Beta

[59, 60]

Lensculinaris Medik Fabaceae Seed Heterodimeric/17 & 4 kDa oligomannose-type glycans 
and GlcNAc

SARS-COV-2 variants [61, 62]

Triticum aestivum L Pooideae Seed Monomeric/23 kDa N-acetyl-D-glucosamine SARS-CoV-2 including 
variants Alpha and Beta

[56, 63]

Maackia
amurensis Rupr

Fabaceae Seed Heterodimeric/32 & 
37 kDa

Sialic acid SARS-CoV-2 [64, 65]

Urticadioica Urticaceae Rhizomes Monomeric /8.5 KDa N-acetylglucosamine HIV-1 [66]
Tamarindus indica Fabaceae seed Monomeric /34 kDa N-acetyl glucosamine Chikungunya virus [67]
Hippeastrum Amaryllidaceae Bulb Homotetrameric /14 KDa/

monomer
Mannose-specific hybrid HIV-1, HIV-2 [68]

Galanthus nivalis Amaryllidaceae Bulb Tetramer (13 KDa/
monomer)

Mannose-specific HIV-1, HIV-2 [68]

Nicotiana tabacum Solanaceae Leaf Monomeric/19 KDa N acetylglucosamine HIV-1 [66]
Grateloupia chiangii Halymeniaceae Whole Monomeric/25 kDa Mannose Influenza virus, HIV type 

1, and herpes
[69]

Phaseolus vulgaris L Fabaceae Seed Homodimeric/30 kDa Complex HIV-1 [70]
Polygonatum odoratum 

(Mill.) Druce
Asparagales Rhizome Homotetrameric/12 kDa mannose Herpes Simplex Virus [71]
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have been found to have analgesic and anti-inflammatory 
properties, such as Caulerpa cupressoides lectin, which can 
reduce the effect of acetic acid-induced writhing by up to 
86 percent. However, it was unable to produce significant 
antinociceptive effects in the hot plate experiment, indicat-
ing that the peripheral rather than central acting mechanism 
is involved [28]. In many cases, the antinociceptive proper-
ties of lectins have been attributed to the possible inhibition 
of inflammation-producing molecules such as bradykinin, 
prostaglandins, substance P, and some cytokines, such as 
IL-1 and TNF, which will lead to activation of chemo sensi-
tive nociceptors and thus induction of pain [28]. Purifica-
tion of a lectin from C. fairchildiana revealed that it is a 
glycoprotein with an electrophoretic pattern consisting of 
two bands with molecular weights of 100 and 116 kDa. The 
ability of the lectin to bind native rabbit erythrocytes has 
been confirmed. This lectin has antinociceptive and anti-
inflammatory properties, which are linked to a neutrophil 
migration inhibition mechanism. These findings highlight 
the importance of further research into the use of C. fair-
childiana lectin as a prototype in the development of new 
anti-inflammatory medicines [82].

Antiulcer properties of plant lectins

A gastric ulcer, caused by acid secretion or pepsin, is a 
disorder in which the layer protecting the stomach lining 
breaks down as a result of stomach acid. Carica papaya seeds  
flour is commonly used in Nigeria to cure peptic ulcers [83], 
whereas Acacia senegal and Aerva javanica are well-known 
in Sudan for their peptic ulcer-healing properties [75]. Many 
gastric-lesion inducers, including ethanol, Indomethacin, 
and Aspirin, have been used in the experimental animals. 
In mice, a homotetrameric galactose-binding lectin 
purified from Artocarpus incise and known as frutalin 
was successful in providing significant protection against 
both ethanol and indomethacin gastric injury, but in a dose 
unrelated manner, with a lectin at a concentration as low 
as 500 g/kg able to provide potent protection. However, 
pre-treatment with the 2- receptor antagonist Yohimbine 
had no effect on frutalin protection against ethanol 
lesions, implying that the 2- receptor was not involved in 
the lectin's caused action. Simultaneous administration 
of glibenclamide, a K + ATP channel inhibitor, resulted 
in a partial but considerable reduction of frutalin action, 
illustrating the role of the K + ATP channel in protecting 
the stomach lining against external mucosal attackers [84]. 
The preventive effect of a rabbit erythrocyte-specific seeds 
lectin isolated from the Brazilian plant Mucuna pruriens (L.) 
DC (MpLec) on ethanol-induced gastro-damage in mice was 
also investigated. However, pre-treatment with Yohimbine 
removed the MpLec protective effect, emphasising the 

importance of 2 adrenoceptors in the achieved defensive 
mechanism [27]. Another intriguing GlcNAc specific seeds 
lectin (Vicia cracca) that only agglutinates the human 
A-blood group was capable of decreasing ethanol damage 
by up to 63 percent [85]. The lectin was given at three 
different doses: 10, 100, and 1000 g/kg, and while all of 
them had a substantial effect, the 1000 g/kg dose provided  
the most protection.

Plant lectin induce the immune  
modulatory effect

Lectins are non-immune-derived carbohydrate-binding pro-
teins. Cell–cell recognition, cell proliferation, cell migration, 
cell adherence to the extracellular matrix, and host para-
site interactions are only a few of the biological processes 
in which they play a role [86, 87]. Because their interac-
tions with receptor-link glycans on cell surfaces can induce 
cell signalling and physiological reactions, plant lectins 
have been widely exploited as valuable tools in biomedical 
research since the 1960s. Several plant lectins have immu-
nomodulatory properties that are triggered by interactions 
with glycan moieties on immune cell surfaces. This contact 
may cause signal transduction, resulting in the production 
of certain cytokines and the induction of effective immune 
responses against malignancies or microbial infections. As 
a result, immunomodulatory lectins could have pharma-
cological applications or could aid in the identification of 
sugar targets for new therapeutic techniques. The most well-
known plant lectin with immunomodulatory and anticancer 
properties is found in European mistletoe (Viscum album). 
Mistletoe lectins (ML) type I, II, and III are glycosylated, 
56–64 kDa cytotoxic proteins that are type-2 ribosome-
inactivating proteins and consist of two non-covalently 
connected pairs of disulfide-linked A-B dimers (RIP). The 
B-chain binds to galactosides preferentially [88], whereas 
the A-chain catalyses hydrolysis of the N-glycosidic bond at 
adenine4324 in eukaryotic 28S ribosomal RNA, blocking the 
protein biosynthesis elongation step [89]. The active compo-
nent of the Viscum album extract, ML-I, has been isolated 
and is used as a supplemental treatment for cancer patients 
[90]. The ML-I B-chain attaches to glycans on cancer cells' 
surfaces, allowing the A-chain to enter the cytoplasm, where 
it is enzymatically active and highly cytotoxic. In vitro and 
in vivo studies have revealed that ML-antitumor I's effects 
are not only cytotoxic, but also immunomodulatory [91], an 
activity that is critical to the antitumor qualities [92]. The 
immunostimulatory action of ML-I is primarily exhibited by 
enhanced IL-12 production and cytokine-induced Natural 
Killer Cell activation according to the cloning of the mistle-
toe lectin gene and separate heterologous expression of the 
single chains [93]. Apart from European mistletoe, extracts 
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from Korean and Chinese mistletoes (Viscum album colo-
ratum and Viscum articulatum, respectively) include type-2 
RIPs that bind D galactose and are structurally similar to 
ML [94]. In vitro and in vivo studies have shown that they, 
like ML-I, possess immunomodulatory characteristics. The 
immunomodulatory and anticancer properties of the Korean 
mistletoe lectin (KML) are due to the B-chain. The KML 
B-chain stimulates NK cell activation as well as macrophage 
production of cytokines and inflammatory mediators [95, 
96]. Macrophage activation and cytokine production are trig-
gered by KML interactions with TLR-4 molecules. TLR4 
expression and TNF- production are increased when mac-
rophages are stimulated by KLM, which can be inhibited 
by using anti-TLR4 antibodies or testing macrophages from 
different environments. Immunomodulatory plant lectins 
trigger Th1 immunity. The Th1 immune response, which 
is characterised by high levels of IFN ˠ, is usually mediated 
by an IL-12-dependent mechanism. Six plant lectins cause 
the production of IL-12 and IFN- ˠ: in vitro experiments 
with 12 distinct plant lectins revealed that six of the lectins 
induce the production of IL-12 and IFN- ˠ: PSA from Pisum 
sativum binds to N-glycans containing O-linked mannose 
with a fucose residue linked to N-acetylchitobiose; PHA-E 
and PHA-L from Phaseolus vulgaris, which respectively 
bind to bisected bi- and tri-antennary complex N-glycans 
and highly branched non-bisected complex N-glycans; and 
WGA from Triticum. Plant lectins like ArtinM from Arto-
carpus heterophyllus [97], the Korean mistletoe lectin from 
Viscum album coloratum [98], Cramoll from Cratylia mol-
lis [99], BanLec from Musa paradisiaca [98], and garlic 
lectin from Alium sativum [100] promote the generation 
of Th1 cytokines. Th2 immunity is regulated by plant lec-
tins. ScLL, a lectin from Synadenium carinatum that binds 
galactosides-containing glycans, reduced leukocyte traffick-
ing and Th2 cytokine production in mice [101]. In animal 
models of the chronic inflammatory illness asthma, ScLL 
also reduced the pathological consequences [102]. The lectin 
Bchain of type-2 RIP from Ricinus communis, which binds 
to Dgalactose-containing glycans, including several glyco-
proteins produced on the surface of enterocytes, can trigger 
Th2 immunity. This characteristic prompted researchers to 
attach the ricin B-chain to the proinsulin gene's coding area, 
resulting in a fusion protein expressed in E. coli [101] or 
Solanum tuberosum [103]. Systemic tolerance to the fused 
autoantigen is favoured by lectin interaction with glycans on 
the surface of enterocytes. Fusion proteins (immunomodu-
latory lectin/autoantigen) expressed in edible plant tissues 
could be used to boost Th2 immunity and reduce autoim-
munity. Plant lectins that recognise glycans on the surface of 
M cells may favour mucosal immunity against antigens that 
are given orally [104]. M cells have a specific glycosylation 
pattern on their surface, including lipid link fucose contain-
ing glycans [105] and transport a variety of materials from 

the intestinal lumen to the underlying lymphoid tissue of 
the mucosae, where a local and systemic potent immune 
response is initiated. Ulex europaeus agglutinin (UEA-1) 
binds to the surface of murine M cells and detects lipid 
linked fucose. This feature explains why UEA-1 is the most 
researched lectin when it comes to improving the potency 
of oral or nasal particle vaccinations. The apical surface of 
M cells from mice inoculated with these particles was able 
to attach to UEA-1-poly-L-lysine coated microparticles 
expressing HIV-1 genes [106].

Immunomodulatory effect of Artocarpus 
heterophyllus mannose binding lectin

The trisaccharide Man1-3 [Man1-6] Man core of N-glycans  
is recognised by ArtinM, also known as Artocarpin or 
KM + [107]. Innate immune cells, such as neutrophils, mast 
cells, dendritic cells, and macrophages, are activated when 
ArtinM interacts with some N-glycans on the cell surface. 
ArtinM treatment protects against Leishmania spp. and Para-
coccidioides brasiliensis infection in the laboratory. ArtinM 
confers resistance by recognising N-glycans in the ectodo-
main of Toll-like receptors (TLR) expressed on the surface of 
innate immune cells, which leads to the production of inter-
leukin 12 (IL-12) and the development of the Th1 adaptive 
immune response (Table 2). ArtinM's immunomodulatory 
effect and the mechanisms that underpin it are discussed in 
this article. We describe infection models in mice and discuss 
how they could be used to treat patients.

The homotetrameric ArtinM is made up of 13-kDa sub-
units. The main structure of ArtinM is a 149-amino-acid 
polypeptide chain with 52 percent similarity to the Jacalin 
sequence. The absence of internal post-translational cleavage 
in ArtinM, which keeps a short glycine-rich linker sequence 
holding the sections comparable to the Jacalin—and -chains 
together is credited with the distinctions between Jacalin and 
ArtinM [124]. These noncovalently linked Jacalin chains 
are made up of 133 and 20 residues, respectively [125], 
and are derived from a 17 kDa precursor that is not cleaved 
in the ArtinM molecule [126]. Each monomer's three-
dimensional structure is a -barrel with a -prism folding. 
Each unit has a Mannose-binding carbohydrate-recognition  
domain (CRD). ArtinM is thus a four-CRD tetramer. The 
ligand mannotriose was discovered in the structure of 
ArtinM complexes. Three peptide loops (residues 14–17, 
137–141, and 88–95) constitute a deep-seated binding site 
in the lectin. The primary and secondary sites make up this 
binding site. Hydrogen bonds dominate interactions at the 
principal site, which corresponds to two of the loops (resi-
dues 14–17 and 137–141). The third loop (residues 88–95) 
forms the secondary site, which establishes mostly van der 
Waals' interactions. Molecular modelling and crystallisation 
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studies have revealed that structural differences between 
ArtinM and Jacalin are responsible for their different car-
bohydrate-binding specificities particularly in ArtinM's 
recognition of Dmannose but not D-galactose. ArtinM has 
a 1633-fold greater affinity for the glycoprotein horserad-
ish peroxidase (HRP) than D-mannose. ArtinM binds to 
the mannosyl end of the branched oligosaccharide, which 
reinforces the trimannoside core of the HRP N-glycan. The 
xylose residue and lectin loops 86–95 is severely sterically 
clashed because to the mannosyl end's superposition with 
the trisaccharide in the complex. Eight hydrogen bonds are 
formed as a result, and binding energy is enhanced. Glc-
NAc or Fuc are the saccharides that can be attached to the 
core of mammalian N-glycans, and both can form numer-
ous van der Waals interactions with ArtinM loop residues 
87–93 [127]. Glycoarray investigation of ArtinM specificity 
indicated that the lectin recognises subsets of complex-type 
bi-antennary N-glycans having Man1-3(Man1-6) Man1-
4GlcNAc1- 4GlcNAc. ArtinM recognition is aided by the 
branch linked to Man1-6, but Man1-3 elongation lowers 

lectin binding. Prior research of ArtinM specificity found 
that 1-6Man-extended mono-antennary glycans were bet-
ter recognised than 1-3Man-extended mono-antennary gly-
cans [128]. The selectivity of ArtinM binding to certain N- 
glycans, such as those associated to some protein cell recep-
tors, is due to this peculiar binding mechanism. ArtinM's 
biological features, such as neutrophil chemotaxis and mast 
cell degranulation, are reproduced by rArtinM (recombinant 
ArtinM). When murine macrophages are treated with natu-
ral or recombinant versions of ArtinM, IL-12 is produced 
[129]. In addition, the recombinant form can trigger the 
same level of release of additional inflammatory products 
including TNF- and NO as the native form. In addition to 
the in vitro study, the immunomodulatory activity of Art-
inM was replicated by rArtinM in a systemic fungal illness 
model induced by Paracoccidioides brasiliensis. ArtinM 
or rArtinM administration to mice prior to or after fungal 
inoculation enhanced Th1 immunity, as evidenced by high 
TNF- and IL-12 levels and low IL-4 levels. ArtinM's poten-
tial to increase IL-12 production by murine macrophages 

Table 2   List of plant/algae lectins with reported anti-inflammatory and antinociceptive properties

Algal or Plant Lectin Family Part Subunit Targeted sugar &Mw Functions Reference

Bryothamnion triquetrum 
(algae)

Alsidieae Whole Monomer Mucin, 9 kDa Anti-inflammatory [108]

Caulerpa cupressoides 
(algae)

Caulerpaceae Whole Homodimer Lactose, 23 kDa Anti-inflammatory, 
Antinociceptive

[28]

Hypnea cervicornis(algae) Gigartinaceae Whole - Heterodimer Complex glycan, 9.1, 
9.9 kDa

Anti-inflammatory, 
Antinociceptive

[109]

Solieria filiformis(algae) Solieriaceae Whole Monomer Complex glycan, 28 kDa Anti-inflammatory, 
Antinociceptive

[110]

Clitoria fairchildiana Fabaceae Seeds Heterodimeric Nonspecific to sugars 
and glyconjugates, 100, 
116 kDa

antinociceptive [82]

Canna limbata Cannaceae Seed Homodimer N-Acetylglucosamine, 
21 kDa

Anti-inflammatory and 
Antinociceptive

[111]

Parkia biglobosa (Jacq.) 
G. Don

Fabaceae Seed Homodimer Mannose/glucose, 46 kDa Anti-inflammatory, 
Antinociceptive

[112]

Parkia playcephala Fabaceae seed Monomer Mannose/glucose, 48 kDa Antinociceptive [113]
Crataeva tapia L Capparaceae Bark Heterodimer Mannose/glucose, 21 and 

40 kDa
Anti-inflammatory, 

Antinociceptive
[114, 115]

Dioclea grandiflora Benth Fabaceae Seed Three Isolectins Mannose/glucose, 
25–26 kDa, 13–14 kDa & 
8–9 kDa

Anti-inflammatory [116, 117]

Dioclea virgata (Rich.) 
Amshoff

Fabaceae Seed Heterotrimer Mannose/glucose, 30.9, 
16.2 & 12 kDa

Anti-inflammatory [116, 118]

Dioclea violacea Benth Fabaceae Seed Heterotrimer Mannose/glucose, 11.7, 
15.8 & 29.5 kDa

Anti-inflammatory & 
Antinociceptive

[116, 119, 
120]

Andira anthelmia Fabaceae seed Heterotrimer Mannose, 20, 17, 15 & 
13 kDa

Anti-inflammatory [121]

Lonchocarpus campestris 
Mart.ex Benth

Fabaceae Seed Two Isolectins Mannose
10 & 25 kDa

Anti-inflammatory, 
Antinociceptive

[122]

Tetracarpidium 
conophorum

Euphorbiaceae seeds Heterodimer Lactose/galactose, 17 and 
34 kDa

Anti-inflammatory and 
Antinociceptive

[123]
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was the first indication that it has immunomodulatory prop-
erties. The ability to block IL-12 synthesis is dependent on 
lectin concentration and CRD, and D-mannose inhibits it 
selectively ArtinM stimulates a protective Th1 response 
against intracellular pathogens by promoting the production 
of IL-12. The importance of IL-12 in ArtinM-induced resist-
ance was revealed by the reversal of its positive effect in 
IL-12 genetically defective animals. The interaction of cell-
surface TLR with pathogen-associated molecular patterns is 
thought to trigger IL-12 synthesis by phagocytes (PAMPs). 
In animals, toll-like receptors are important for the start of 
innate immune responses against pathogens. They also rec-
ognise PAMPs from bacteria, viruses, and fungi [41]. TLRs 
have been identified in over a dozen distinct ways so far. 
TLRs 1–9 is conserved between humans and mice, TLR10 
is expressed exclusively in humans, while TLR11 is active 
in mice (West et al. 2006). Transmembrane proteins of type 
I are known as TLRs. PAMP recognition is mediated by their 
ectodomains, which include leucine-rich repeats. Their intra-
cellular Toll–IL-1 receptor (TIR) domains are needed for 
downstream signalling. Each TLR has a particular function 
in terms of PAMP detection and immune response induction, 
according to studies on mice lacking different TLRs [130]. 
As evidenced by the use of a TLR agonist, this discovery 
opens new doors in the development of treatment techniques. 
TLR2 recognition by ArtinM also activates dendritic cells to 
generate IL-12 (unpublished data). Indeed, ArtinM causes 
bone marrow-derived dendritic cells (BMDC) to develop, as 
seen by increased expression of MHC class II, CD80, and 
CD86 markers, which define a mature DC profile capable of 
priming T cells (Table 3). We have demonstrated that Art-
inM administration elicits IFN-γ secretion by murine spleen 
cells. ArtinM was able to control the infection of L. amazon-
ensis by acting on the early immune response. The immu-
nomodulatory effect of ArtinM toward a Th1 profile is well 
supported by the results of Leishmania infection in mice. 
They also support the in vitro findings presented as “ArtinM 

targets TLR2 N-glycans to promote IL-12 production," 
which show that elevated IL-12 production is important for 
ArtinM's protection against Leishmania spp. ArtinM's pleio-
tropic effects are due to additional interactions with immune 
cells. Pleiotropism refers to a mediator's ability to function 
on different cell types, such as cytokines. It's a crucial trait 
that all cytokines possess, and it explains how they can affect 
both innate and adaptive immunity. The pleiotropic activities 
of cytokines are demonstrated by a variety of examples. In 
innate immunity, IL-12 increases NK cell cytotoxicity, while 
in adaptive immunity, it drives Th1 cell differentiation. In 
turn, IFN- stimulates macrophages in both the innate and 
adaptive cell-mediated immune responses. Furthermore, it 
boosts MHC molecule expression as well as antigen process-
ing and presentation. Furthermore, it boosts MHC molecule 
expression as well as antigen processing and presentation. 
IL-10 inhibits activated macrophages and dendritic cells, 
reduces inflammation by suppressing Th1 cells, and inhibits 
macrophage IL-12 release. It is produced by macrophages, 
certain T helper cells, and mast cells. Despite the fact that 
pleiotropism permits cytokines to mediate a wide range of 
actions, their therapeutic utility is limited due to a number of 
unpleasant side effects. Pleiotropism is shown by ArtinM's 
biological characterisation.

Conclusion

Plant lectins have a high effectiveness against microor-
ganisms such as bacteria, viruses, parasites, and fungus, 
as well as their reported function as antioxidants, antino-
ciceptives, antitumor, antiulcer and immune modulation. 
Clinical investigations on their potential applicability as 
a drug shuttle for cancer treatment are currently under-
way, thanks to their unique sugar recognition site, which 
matches the recognised tumour cellular glycosylation 
alterations in minute details. Some of their disadvantages, 

Table 3   Immune modulatory effect of ArtinM lectin

Carbohydrate binding moiety target Type of cells Triggered functions Net effect Reference

CXCR2 (on the cell surface) and 
laminin (in the extracellular matrix) 
having N-glycans on their surfaces

Neutrophils G protein signalling, tyrosine 
phosphorylation, increased 
TLR2 expression, leukotriene B4 
and CXCL8 release, L-selectin 
shedding, superoxide generation, 
increased phagocytic activity

Enhancement of effector activities, 
cell activation and haptotaxis

[107, 131]

N-Glycans on Fcε receptor Mast cell Cell degranulation, TNF-α release, 
recruitment of mast cell from bone 
marrow

Neutrophil attraction is aided by cell 
recruitment and degranulation

[132]

N-Glycans on TLR2 Macrophages Signal transduction via MyD88, 
NF-kB activation, IL-12 production

Th1 immunity [133]

N-Glycans on TLR2 Dendritic cells Increased MHCII, CD80, and CD86 
expression, IL-12 production

Th1 immunity and Cell maturation 
and

[134]
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such as their huge molecular weight, which will almost 
certainly cause immunogenicity and toxicity, may limit 
their widespread use in medicinal applications. As a result, 
the notion of using small molecular weight lectins seems 
encouraging and could pave the way to address the prob-
lem. The good news is that stronger variations of these 
helpful proteins, like lectibodies can be made by applying 
computational techniques or gene modification to boost 
their stability and durability and remove their mitogenic 
potential. In this regard, lectibodies are a novel and prom-
ising approach that, with great specificity and cheap cost, 
targets and neutralises carbohydrates on the surface of the 
viral envelope to treat viral infections. Lectibodies can 
prevent the virus or infected cells from entering the host 
cell by blocking specific cell surface receptors, but they 
can also trigger the immune system's CDC, ADCC, and 
ADCP to clear the virus or impacted cells from the body. 
It is possible that virus envelope glycans can use their 
inherent defence mechanisms to reduce the capacity of 
antiviral antibodies to restore normal host defences. We 
established the structural basis for ArtinM's sugar recog-
nition and used our understanding of lectin specificity to 
explain how it interacts with glycosylate receptors on the 
cell surface. While there is still much to learn about the 
in-vivo and in-vitro biological effects of plant lectins, cur-
rent research on modified lectins that have less unwanted 
activity without causing large structural changes may give 
hope for future plant lectin drug production and uses. The 
COVID-19 pandemic has led to an increase in viral infec-
tion rates, causing concern. The virus's surface is heav-
ily glycosylated, with approximately sixty N-linked oli-
gomannose, composite, and hybrid glycans covering the 
core of Man3GlcNAc2Asn. Many glyco-chains have been 
subjected to multiple mutations, with only a few remain-
ing conserved. Consequently, plant lectins with specificity 
for viral envelope sugars have been discovered to interact 
preferentially with them. These plant lectins are being 
investigated as potential future tools to combat coronavi-
ruses like SARS-CoV-2 by preventing viral attachment to 
the host. Furthermore, our laboratory's ongoing study on 
several lectins from tropical medicinal plants with extreme 
thermal and chemical stability has a lot of promise for 
exciting discoveries in the near future.
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