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ABSTRACT

Lectins are a family of proteins that can recognize and bind specific carbohydrates. Plant 
lectins play various roles in plant defense and can be utilized as insecticidal, antibacterial, 
antifungal, and antiviral agents. This study compares genes, proteins, and carbohydrate-
binding motifs between 15 plant lectins using in silico methods. The lectin genes of 
Artocarpus hypargyreus Hance, Hordeum vulgare var. Betzes, Triticum aestivum L. cv. 
Marshall, Galanthus nivalis L., Allium sativum L., Phaseolus vulgaris, Lens culinaris 
subsp. tomentosus, Robinia pseudoacacia, Glycine max, Cicer arietinum, Pisum 
sativum, Canavalia ensiformis, Amaranthus caudatus, Amaranthus hypochondriacus, 

and Musa acuminata subsp. malaccensis 
were obtained from National Center for 
Biotechnology Information and Banana 
Genome Hub. The gene comparison results 
revealed different characteristics of the 15 
plant lectin genes, with A. hypargyreus 
having the shortest lectin gene and G. max 
having the longest. Overall, the 15 plant 
lectin genes have 1–3 exons. Domain 
predictions revealed the presence of five 
domains: jacalin, chitin_bind_1, B_lectin, 
legume lectin, and agglutinin. Furthermore, 
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there were 2 protein sequences from the 
jacalin domain, 2 protein sequences from the 
chitin_bind_I domain, 2 protein sequences 
from the B_lectin domain, and 4 protein 
sequences from the legume lectin domains 
that have complete carbohydrate-binding 
motifs compared to consensus motifs from 
literature. The data obtained from this study 
has not been previously reported and can be 
utilized for future lectin protein production 
with synthetic biology approaches. This 
method will allow scientists to obtain 
plant bioparts for lectin production using 
a heterologous system, even without plant 
samples.

Keywords: In silico comparative study, plant lectins, 

synthetic biology

INTRODUCTION
Lectins are a family of proteins with 
heterogeneous structures that can recognize 
and bind to specific carbohydrates. Lectins 
are found in various organisms, including 
bacteria, fungi, animals, and plants, and 
serve various functions. Lectins function 
in mediating biological processes such 
as cell-to-cell communication and cell 
migration. In addition, cell interactions 
with several types of lectins are known 
to cause cell agglutination or deposition 
of glycoconjugates and polysaccharides, 
which makes lectins in some organisms 
naturally able to act as agglutinins. Several 
studies discussed the results of conventional 
lectin isolation from various organisms and 
demonstrated that lectins in plants have 
higher protein yields than other lectin-

producing organisms such as fungi and 
animals (Lam & Ng, 2011).

In plants, there are several lectin 
domains, including jacalin, chitin-binding, 
nictaba (Nicotiana tabacum agglutinin), 
Galanthus nivalis agglutinin (GNA), 
legume, hevein, amaranthin, and Euonymus 
europaeus lectin (EEL). The main function 
of plant lectins is to act as a defense system 
and to facilitate adaptation to abiotic and 
biotic stresses. Additional studies have also 
examined the function of plant lectins as 
insecticidal, antibacterial, antifungal, and 
antiviral agents (Tsaneva & Van Damme, 
2020).

Several plant lectins, including legume, 
hevein, nictaba, and jacalin, have been 
shown in previous studies to have strong 
insecticidal activity against Lepidoptera, 
Coleoptera, and Diptera (Vandenborre et al., 
2011). Plant lectins can act as antifungals 
by inhibiting pathogenic fungal growth 
(Coelho et al., 2017). Plant lectins with 
jacalin-related domains derived from 
bananas (Musa acuminata) are known to 
exhibit antiviral activity by recognizing 
glycans on the surface of the HIV-1 virus 
envelope, thereby inhibiting the entry of 
the virus into the host cell (Swanson et al., 
2010). Another study showed that a Lens 
culinaris-derived plant lectin with a legume 
domain possesses antiviral activity against 
multiple SARS-CoV-2 variants (Wang et 
al., 2021). Another study demonstrated that 
lectins from Archidendron jiringa inhibited 
the growth of several bacteria, including 
Bacillus subtilis and Staphylococcus sp. 
(Charungchitrak et al., 2011).
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A controversy in the utilization of lectins 
was reported in a publication by Singh et al. 
(2014), which is that wild-type banana lectin 
is a T-cell mitogen. A novel molecularly 
engineered lectin, H84T banana lectin 
(H84T), was reported to have real potential 
for clinical use against influenza by blocking 
the ability of the influenza virus to fuse with 
endosomes (Covés-Datson et al., 2020). The 
H84T was reported to be a potent inhibitor 
of the Ebola virus by blocking cellular entry 
and transcription/replication (Covés-Datson 
et al., 2019). Clinical use of lectins has 
been slowed due to concerns about their 
mitogenic activity toward immune cells. 
The H84T banana lectin was engineered 
by mutating a single amino acid, histidine, 
to threonine at position 84 to preserve the 
antiviral activity and lose the mitogenicity 
(Covés-Datson et al., 2021).

Importantly, in silico comparative 
analysis of plant lectin genes and proteins 
is required to characterize plant lectin 
sequences. In this case, in silico methods can 
be utilized in gene structure characterization 
and protein structure and function prediction. 
In silico methods have been widely used 
to characterize proteins and enzymes 
from various eukaryotic and prokaryotic 
species. Understanding the characteristics 
of lectin genes and proteins from various 
plant species is essential for developing 
more advanced lectin proteins. Parallel to 
this study, we also conducted an in silico 
analysis of the ability of wild-type and 
modified M. acuminata (H84T) and M. 
balbisiana lectins to inhibit the activity 
of the SARS-CoV-2 spike protein using 
molecular docking and molecular dynamics 

simulation. The results demonstrated that 
the modeled lectins and the SARS-CoV-2 
RBD had good protein-protein interactions 
and strong binding (Hessel et al., 2022).

In addition to the study of plant lectins, 
methods for optimizing the production 
of lectins have also been investigated, 
and synthetic biology may offer a novel 
approach in this regard. The application of 
synthetic biology in agriculture, health, and 
pharmacy has been reviewed by Scott et al. 
(2015). However, this method has not yet 
been documented in plant lectin synthesis. 
Thus, the possibility remains open.

Therefore, this research employed 
an in silico method to compare plant 
lectin genes and proteins. A comparison 
of the carbohydrate-binding site motifs 
on plant lectins was also carried out to 
analyze the motifs related to their function 
in binding specific carbohydrates. This 
research’s findings can serve as a reference 
for characterizing plant lectin sequences in 
the context of synthetic biology-based lectin 
protein production.

MATERIALS AND METHODS

Collection and Compilation of Plant 
Lectin Gene Sequences
Plant lectin gene sequences from 14 
different plant species were obtained from 
the National Center for Biotechnology 
Information (NCBI) platform (https://www.
ncbi.nlm.nih.gov/). The banana lectin gene 
was retrieved from the Banana Genome 
Hub platform (version 2) (https://banana-
genomehub.southgreen.fr). The lectin 
gene sequences (accession/hit numbers) 
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acquired from 15 plants were Musa 
acuminata subsp. malaccensis (Ma09_
t10460.1), Artocarpus hypargyreus Hance 
(KY924610.1), Hordeum vulgare var. 
Betzes (M29280.1), Triticum aestivum L. cv. 
Marshall (M25537.1), Galanthus nivalis L. 
(M55556.1), Allium sativum L. (U58948.1), 
Phaseolus vulgaris (AJ439715.1), Lens 
culinaris subsp. tomentosus (AJ421799.2), 
Robinia pseudoacacia (AB012633.1), 
Glycine max (NM_001250281.3), Cicer 
arietinum (XM_004509655.2), Pisum 
sativum (L11745.1), Canavalia ensiformis 
(AF308777.1), Amaranthus caudatus 
(AF401479.1), and A. hypochondriacus 
(AF143954.1). 

Plant Lectin Protein Sequence 
Prediction
The prediction of 15 plant lectin protein 
sequences was made using the BLASTX 
program (https://blast.ncbi.nlm.nih.gov/
Blast.cgi?LINK_LOC=blasthome&PAGE_
TYPE=BlastSearch&PROGRAM=blas
tx) on the NCBI web page. The principle 
of BLASTX is to compare the input gene 
sequences (nucleotides) with the protein 
sequence database in NCBI.

Prediction and Visualization of Plant 
Lectin Gene Structure
Structural prediction of the 15 plant lectin 
gene sequences was performed using the 
FGENESH+ online tool on the Softberry 
web page (http://www.softberry.com/
berry.phtml?topic=fgenes_plus&group=p
rograms&subgroup=gfs) using the similar 
protein-based gene prediction approach and 
GeneWise (version 2022) (https://www.

ebi.ac.uk/Tools/psa/genewise/) (Xiong, 
2006). The homologous protein sequences 
were obtained from the previous step’s 
BLASTX results of protein sequences. 
Visualization of the structures was carried 
out using Illustrator for Biological Sequence 
(IBS) (version 1.0.3) (W. Liu et al., 2015). 
Following this, the genomes, exons, and 
introns sizes of the 15 plant lectin gene 
sequences were compared.

Plant Lectin Protein Phylogenetic Tree 
Construction
The MEGA-X (version 10.1.7) was 
employed to construct the phylogenetic 
tree of the 15 plant lectin protein sequences 
using the MUSCLE alignment method and 
the Maximum Likelihood parameter with a 
1,000x bootstrap (Kamalesha et al., 2022). 
The phylogenetic tree construction was done 
to determine the clustering and evolutionary 
relationships of the 15 plant lectin protein 
sequences (Kumar et al., 2018).

Analysis of Plant Lectin Protein 
Domains and Motifs
Protein domains and motif analysis of 
plant lectins were performed using the 
Conserved Domain (CD)-Search Tool 
(version 2020) (https://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) on the NCBI 
web page with an e-value threshold of 0.01 
(Lu et al., 2020) and visualized using IBS. 
The Multiple Em for Multiple Elicitation 
(MEME)-Suite (version 5.4.1) (https://
meme-suite.org/meme/tools/meme) (Bailey 
et al., 2009) was used for the prediction 
of plant lectin motifs. The parameter 
settings used were a minimum motif length 
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parameter of 10 amino acids (aa) and a 
maximum motif length of 50 aa, with 
other parameters remaining in the default 
settings (Dwivany et al., 2021; Kamalesha 
et al., 2022). Consensus motif detection 
and validation were performed using the 
InterPro online tool (version 88.0) (https://
www.ebi.ac.uk/interpro/search/sequence/) 
(Mitchell et al., 2019). In addition, the 
motifs of carbohydrate-binding sites on 
plant lectin protein sequences were analyzed 
and compared to the consensus motifs from 
previous studies using multiple sequence 

alignment (MSA) with the MUSCLE 
method integrated into MEGA-X (version 
10.1.7) (Kumar et al., 2018).

RESULTS AND DISCUSSION

In silico Characterization of Plant 
Lectin Genes
The lectin genes from 14 plant species and 
one banana species obtained from NCBI and 
Banana Genome Hub were used to identify 
the lectin type (Table 1). 

No. Plant species Family Accession 
number/Hits

Type of lectins

1 Musa acuminata subsp. 
malaccensis

Musaceae Ma09_t10460.1 Lectin

2 Artocarpus hypargyreus 
Hance

Moraceae KY924610.1 Lectin

3 Hordeum vulgare var. 
Betzes

Poaceae
 

M29280.1 Lectin

4 Triticum aestivum L. cv. 
Marshall

M25537.1 Wheat germ 
agglutinin isolectin 

D
5 Galanthus nivalis L. Amaryllidaceae M55556.1 Lectin GNA 2
6 Allium sativum L. U58948.1 Mannose-specific 

lectin
7 Phaseolus vulgaris Fabaceae

 
AJ439715.1 Lec4-B17 gene

8 Lens culinaris subsp. 
tomentosus

AJ421799.2 Lectin

9 Robinia pseudoacacia AB012633.1 Lectin
10 Glycine max NM_001250281.3 Lectin (LOC732576)
11 Cicer arietinum XM_004509655.2 Seed lectin-like
12 Pisum sativum L11745.1 Lectin (Blec4)
13 Canavalia ensiformis AF308777.1 Con A
14 Amaranthus caudatus Amaranthaceae AF401479.1 Agglutinin
15 Amaranthus 

hypochondriacus
AF143954.1 Agglutinin

Table 1 
The identified lectin types from 15 plant species
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Several plant lectin types identified here 
were the amaranthins, the chitinase-related 
agglutinins, the GNA-related lectins, the 
hevein domain lectins, the jacalin-related 
lectins, and the legume lectins (Van Damme, 
2022). The in silico comparative analysis of 
the lectin genes and proteins between these 
15 plant species has not been reported yet.

The prediction and visualization of 
the 15 identified plant lectin genes by 
utilizing the FGENESH+ and IBS provided 
information on the length of the gene, exon, 
and poly-A signal (Figure 1). 

Figure 1. Gene structure of the 15 plant lectin genes

None of the 15 plant lectin gene 
s e q u e n c e s  e x a m i n e d  c o n t a i n e d  a 
transcription start site (TSS). As a result, 
the gene sizes were calculated starting from 
the first exon to the poly-A signal. A poly-A 
signal was found in nine plant lectin genes, 

but none were found in the six remaining 
genes. Therefore, the sizes of these six 
lectin genes were calculated from the first 
to the last exon. The lectin gene of G. max, 
measuring 1,009 bp, was the longest one. 
Furthermore, the shortest gene detected was 
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from A. hypargyreus, with a length of 480 
bp. Plant lectin gene sequences ranged from 
495 to 912 bp.

The number of exons in the lectin gene 
from 15 plants was also different; the highest 
number of exons detected was three in M. 
acuminata. Meanwhile, two exons were 

found in the lectin gene of A. caudatus and 
A. hypochondriacus. The remaining plant 
lectin genes had only one exon in each 
sequence. Table 2 displays the structural 
characteristics of the 15 plant lectin genes, 
including exon number and length, coding 
sequence (CDS) length, and mRNA length.

No. Plant species Exon 
number

CDS 
length

mRNA 
length

1 Musa acuminata subsp. malaccensis 3 426 495
2 Artocarpus hypargyreus Hance 1 453 480
3 Hordeum vulgare var. Betzes 1 639 674
4 Triticum aestivum L. cv. Marshall 1 642 677
5 Galanthus nivalis L. 1 471 515
6 Allium sativum L. 1 543 584
7 Phaseolus vulgaris 1 828 828
8 Lens culinaris subsp. tomentosus 1 828 828
9 Robinia pseudoacacia 1 855 893

10 Glycine max 1 849 1,009
11 Cicer arietinum 1 843 867
12 Pisum sativum 1 755 755
13 Canavalia ensiformis 1 870 870
14 Amaranthus caudatus 2 912 912
15 Amaranthus hypochondriacus 2 912 912

Table 2
Structural characteristics of the 15 plant lectin genes

The lectin gene sequences identified 
in M. acuminata, A. caudatus, and A. 
hypochondriacus occur at multiple locations 
in the genome. It indicates a duplication 
event in the lectin gene. One of the most 
important duplication events in the history 
of evolution and lectin expansion in the 
jacalin family occurred in the genome of 

M. acuminata (Van Holle & Van Damme, 
2019).

Lectins are diverse in almost every 
aspect, including sequences, structures, 
binding site architectures, quaternary 
structures, carbohydrate affinities, and 
specificities. Not only that, their larger 
biological roles and potential applications 
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are wide as well (Van Damme, 2014). 
Another in silico comparative analysis study 
showed that the legume lectin sequences 
ranged from 700 to 900 bp. Hundreds 
of structures of plant lectins have been 
characterized, and legume lectins are the 
most extensively studied (Moraes Filho et 
al., 2017).

Until this day, lectins have been 
extensively studied in terms of their 
molecules and proteins due to various 
reports on their biomedical applications. 
However, proteomics and genomic analysis 
are still needed to explore various aspects of 

these proteins. More sequence information 
on lectins would be important for structural 
references and functional characterization, 
so more focus can be directed toward 
developing genetic engineering to produce 
recombinant lectins (Singh et al., 2014). 
Therefore, more information about different 
types of plant lectin genes and proteins from 
various species is required.

The 15 plant lectin proteins were 
characterized by identifying protein motifs 
and domains to predict protein classification, 
identify conserved sequences, and predict 
protein function (Table 3, Figure 2). 

No. Lectin source Identified domain

1 Musa acuminata subsp. malaccensis
Jacalin

2 Artocarpus hypargyreus Hance

3 Hordeum vulgare var. Betzes
Chitin_bind_1

4 Triticum aestivum L. cv. Marshall

5 Galanthus nivalis L.
B_lectin

6 Allium sativum L.

7 Phaseolus vulgaris

Legume lectin

8 Lens culinaris subsp. tomentosus
9 Robinia pseudoacacia

10 Glycine max
11 Cicer arietinum
12 Pisum sativum
13 Canavalia ensiformis

14 Amaranthus caudatus
Agglutinin

15 Amaranthus hypochondriacus

Table 3
Domain identification of 15 plant lectin proteins using the CD-search tool
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The results indicated that the location 
of the domains in the plant lectin protein 
sequences consisting of the same domain 
was quite uniform. In M. acuminata and 
A. hypargyreus, the jacalin domain was 
located between the 15 and 149 aa residues. 
In H. vulgare and T. aestivum, the four 
locations of the chitin_bind_1 domain were 
discovered in relatively consistent locations, 
specifically between the residues of 28–64 
aa, 71–106 aa, 114–150 aa, and 158–193 aa. 
The B_lectin domain of G. nivalis and A. 
sativum was located between the 28 and 138 
aa residues. The lectin_legume_LecRK_
Arcelin_ConA domain, commonly called 
the “legume lectin domain”, was located 

between 24 and 280 aa residues in seven 
species. Agglutinin domains were found 
in A. caudatus and A. hypochondriacus 
between residues 2–154 aa and 159–299 aa.

Identifying protein motifs from plant 
lectins yielded 25 consensus motifs (Figure 
3). The results of the validation of these 
motifs are shown in Table 4.

The most important characteristic of 
lectins is a domain that can recognize and 
bind to carbohydrate structures specifically 
and reversibly (Peumans & Van Damme, 
1995). Plant lectins can be classified based 
on the lectin domain, which consists of 
consensus motif sequences (Van Damme et 
al., 2008). A study showed that some lectin 

Figure 2. Visualization of domain positions on 15 plant lectin protein sequences
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domains are highly conserved in plants 
(Van Holle et al., 2017). Combinations of 
domains allow lectin domains to have new 
functions. The high diversity of domain 

architectures can make domains in lectins 
have more specialized roles (Dang & Van 
Damme, 2016).

Figure 3. A motif prediction of 15 plant lectin proteins: (a) location of predicted consensus motifs based on 
MEME-Suite, (b) 25 predicted consensus motif sequences

Table 4
Consensus motifs found in plant lectin protein sequences and InterPro detection results

No. Consensus motif InterPro 
detection

1 GRALYSTPIQIWDSTTGNVASFVTSFTFVIYAPNKRNSADG Legume 
lectin

(a)

(b)
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Table 4 (Continue)

No Consensus motif InterPro 
detection

2 WDPKYRHIGIDVNSIKSVKTAPWNLQNGE Legume 
lectin

3 SYTLSHYVDLKSVLPEWVSVGFSATTG Legume 
lectin

4 ETHDVLSWSFTSKL -

5 MSTRALALGAAVFLAFAAATAQAQRCGEQGSNMECPNNLCCSQYGYCGM Chitin-
bd_1

6 CWTSKRCGSQAGGKTCPNNHCCSQWGHCGFGAEYCGAGCQGGPCRADIKC Chitin-
bd_1

7 HIKSRYTNKYLVRWSPNHYWITASANEPDENKSNWACTLFKPLYVEEGNM Agglutinin

8 GKJCPNNLPCLQWGYDGLGDPFVGHGCF -

9 YMNKFWRLSTDDWILVDGNDPRETNEAAALFRSDVHDFNVISLLNMQKTW Agglutinin

10 MAGLPVIMCLKSNNNQKYLRYQSDNIQQYGLLQFSADKILDPLAQFEVEP Agglutinin

11 ACSTDKPCGKDAGGKVCTNNYCCSKWGSCGIGPGYCGAGCQSGGCDGVFA Chitin-
bd_1

12 QIVAVEFDTFAN -

13 QPNLILQGDASVVSSGVLQLT -

14 KDVFHVIDWKSIFQFPKRYVTFKGNNGKY -

15 IKRFTSGKPEFINCMNAATQNVDETAILE Agglutinin

16 AFFLAPVGSQPQTDGGFLGJFNNGYYDK -

17 EVLITYBSATNLLTASLTYPN -

18 FIMQEDCNLVLYEVDKPIWA Bulb-type 
_lectin

19 DYCGKGCQN -

20 CRAVMQRDGNFVVYDPNGKPIWASN Bulb-type_
lectin

21 NSTETLSFSFPKFSP -

22 PFGEEGGTPFNLPIENGKFVGFFGRDGQFLDAIGFHLEP Jacalin-like 
lectin

23 VTSNGTICIK -

24 KKVRLL -

25 IKVGPWGGNGGSAWDD Jacalin-like 
lectin
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Plant Lectin Phylogenetic Tree

According to the constructed phylogenetic 
tree shown in Figure 4, lectin proteins 
derived from M. acuminata  and A. 
hypargyreus belong to the same clade, 
which exhibits a close relationship under 
their similar domains, namely, Jacalin. Then, 
H. vulgare, and T. aestivum species are also 
closely related in the tree, as indicated by 
the chitin_bind_1 domain that they possess. 
Furthermore, G. nivalis and A. sativum are 
positioned in the same clade, corresponding 
to the domain they both share, B_lectin. 
Two other species, A. caudatus, and A. 
hypochondriacus, form a clade according to 
their matching agglutinin domains.

Seven species, including C. arietinum, 
P. sativum, C. ensiformis, L. culinaris, R. 
pseudoacacia, P. vulgaris, and G. max, 
form a clade that demonstrates the close 
relationship of all seven lectin proteins. 
Consistently, each of the seven proteins 
shares a domain known as the legume lectin 
domain. In addition, it was observed that the 

legume lectin clade resulted from a different 
tree branching than the other species with the 
four other domains (jacalin, chitin_bind_1, 
B_lectin, and agglutinin). Legume lectin 
domains are mentioned in another study as 
being strongly conserved, which emphasizes 
their importance. The amaranthins, the 
chitinase-related agglutinins, the GNA-
related lectins, the hevein domain lectins, 
the jacalin-related lectins, and the legume 
lectins are only found in vascular plants 
(Naithani et al., 2021).

The lectin genes in higher plants 
belong to the group of multi-copy genes. 
Duplication of genes plays an important role 
in the process of evolution and expansion of 
a gene (Van Holle et al., 2017). Tandem and 
segmental duplication are mechanisms for 
lectin gene expansion and play a role in the 
adaptation process of plants to various biotic 
and abiotic stresses (Jiang et al., 2010). 
Each plant lectin family shows a different 
evolutionary path as it is formed by full and 
partial gene duplication based on addition, 

Figure 4. Phylogenetic tree of the 15 plant lectin protein sequences. The red boxes show the relationship 
between lectin sequences possessing the same domains
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reduction, and/or recombination in each 
protein domain (Naithani et al., 2021).

In silico Analysis of Carbohydrate 
Binding Sites Motif on Plant Lectins

Carbohydrate binding motifs on plant 
lectin sequences serve as recognition 
sites for specific carbohydrates, which 
will  later function as binding sites 
between lectin proteins and carbohydrates 
(monosaccharides to oligosaccharides). It 
is related to the function of lectin proteins 
in plants, such as their roles in pathogen 
defense mechanisms, abiotic stress 
responses, and the antiviral, antifungal, and 
antibiotic properties of plant lectins (Song 
et al., 2014).

Research on carbohydrate binding site 
motifs on legume lectins has previously 
been carried out by Cummings et al. 
(2017), which explained that there are 4 
loops (consisting of loops A, B, C, and D) 
associated with carbohydrate binding sites. 
Below are the results obtained for CBS 
motif analysis of sequences with legume 
lectin domains.

As depicted in Figure 5, the key 
amino acid D132 (aspartic acid at position 

132) in loop A contributes to establishing 
hydrogen bonds between the side chain and 
carbohydrate ligands (Katoch & Tripathi, 
2021). It is denoted by a thick blue box 
containing a caret symbol (^). In addition, 
loop A consists of conserved amino acids, 
namely G133 (glycine in position 133) and 
F136 (phenylalanine in position 136), which 
are denoted by a red box and an asterisk 
symbol (*). Furthermore, loop B has G154 
(glycine in position 154) as a key amino 
acid that forms hydrogen bonds. One of the 
key causes for preserving the structure of 
legume lectins is hydrogen bonding, which 
also happens to be one of the few factors 
that affect lectins’ carbohydrate-binding 
specificity (Katoch & Tripathi, 2021). The 
MSA comparison reveals that in the same 
amino acid position, P. sativum and C. 
ensiformis contain key amino acids that 
are not consistent with previous research, 
specifically Q154 (glutamine in position 
154) in P. sativum and R154 (arginine in 
position 154) in C. ensiformis (Cummings 
et al., 2017).

Loop C consists of several conserved 
amino acids, namely V185 (valine in the 
position of 185), E186 (glutamic acid in 

1. Phaseoius_vulgaris_lectin

2. Lens_culinaris_lectin

3. Robinis_pseudoacacia_lectin

4. Glycine_max_lectin_precursor

5. Cicer_arietinum_lectin

6. Pisum_sativum_lectin

7. Canavais_ensiformis_lectin

Figure 5. Comparison of carbohydrate-binding site motifs in plant lectin sequences with legume lectin domains 
based on the similarity of motifs in a previous study (Cummings et al., 2017)

Note. Red boxes and asterisk (*) symbols indicate conserved amino acids, while bold blue boxes and caret (^) 
symbols signify key amino acids that play a role in hydrogen bond formation

Loop A Loop B Loop C Loop D
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the position of 186), and D197 (aspartic 
acid in the position of 197), as indicated by 
a red box and an asterisk (*) in Figure 5. 
Nonetheless, according to the MSA results, 
there are two sequences with differences 
in the amino acid column/position where 
valine is the conserved amino acid. The G. 
max sequence has isoleucine in position 
185, whereas the P. sativum sequence has 
a leucine in position 185. Loop C also 
has a conserved key amino acid, N192 
(asparagine in position 192), which plays 
a role in hydrogen bond formation with the 
binding sugar’s hydroxyl group through 
amide acid groups (Cummings et al., 
2017). Furthermore, loop C also has key 
amino acids in the form of hydrophobic 
amino acids, including C190 (cysteine 
in position 190), F190 (phenylalanine in 
position 190), and V185 (valine in position 
185). These hydrophobic amino acids may 
act as hydrophobic cavities that play a 
role in non-covalent interactions, although 
those interactions do not directly affect 
the carbohydrate-binding specificity of 
legume lectins (Katoch & Tripathi, 2021; 
Srinivas et al., 2000). Key amino acids are 
indicated by a bold blue box and a caret 
symbol (^). According to the MSA results, 
hydrophobic amino acids, part of the key 
amino acids, were not found in P. sativum 
and C. ensiformis lectin sequences. Instead, 
both sequences had a neutral amino acid, 
Y190 (tyrosine at position 190), instead 
of a hydrophobic one. The reason behind 
this is unknown, although several factors, 
such as random mutagenesis, may be the 
cause. Further structural analysis should 

be conducted to understand the effects of 
this substitution on the protein’s structure. 
In loop D, the conserved amino acids were 
S285 (serine in position 285) and W303 
(tryptophan in position 303), as indicated 
in Figure 5 by a red box and an asterisk (*).

The consensus motifs from this analysis 
were then compared to the reference literature 
(loops A-D), Cummings et al. (2017). Our 
findings revealed three sequences, namely 
G. max, P. sativum, and C. ensiformis, 
exhibiting a mismatch of key or conserved 
amino acids. However, the sequences from 
P. vulgaris, L. culinaris, R. pseudoacacia, 
and C. arietinum showed motif similarity 
with the referenced literature.

Similar to the previous study by Raval 
et al. (2004), the second domain, jacalin, 
was detected in two species with the same 
carbohydrate binding site motif. Jacalin 
carbohydrate binding site motifs are “GG”, 
which forms a GG loop with said glycine 
amino acids positioned at 15 and 16, and 
“GXXXD” (with X representing any amino 
acid), which forms a binding loop in the 
position ranging through the amino acids 
141 to 145 (Figure 6). Based on the MSA 
result, M. acuminata and A. hypargyreus 
consist of the jacalin domain consensus 
motif under the reference.

The GXXXD motif was considered 
a preferred characteristic in banana lectin 
(BanLec) sequences to be used and/or 
modified as a ligand-binding substance. The 
motif indicates ligand-binding sites (Covés-
Datson et al., 2021; Meagher et al., 2005). 
The previously mentioned parallel study 
by Hessel et al. (2022) utilized this motif 
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as a selection parameter for banana lectin 
gene sequences. The sequences were then 
modeled and docked with the SARS-CoV-2 
spike protein receptor-binding domain 
(RBD). The findings revealed an abundance 
of interactions between the two proteins and 
an adequate number of hydrogen bonds and 
salt bridges. These bonds accommodate 
the high binding affinities obtained from 
molecular docking analysis. It also showed 
that a single lectin excelled in the stability 
of interaction and binding with the SARS-
CoV-2 spike protein RBD through molecular 
dynamics analysis. 

The third domain, chitin_bind_1, is 
43 residues long and was detected in two 
species that showed the same carbohydrate 
binding site motif as a previous study 
by Wright et al. (1991). This domain 

is frequently present in plant proteins 
that bind to N-acetylglucosamine and its 
polymers and is assumed to play a role 
in the recognition and binding of chitin 
subunits (Butler et al., 1991; Wright et 
al., 1991). It is known that chitin_bind_1 
contains a motif of eight “C” or cysteine 
amino acids, which play a role in forming 
four disulfide bonds and are often found 
at the N-terminus (Wright et al., 1991). 
According to the MSA results, these eight 
“C” amino acid motifs were found in H. 
vulgare and T. aestivum species (Figure 7). 
The cysteine amino acids were positioned at 
the 30th, 39th, 44th, 45th, 51st, 58th, 62nd, and 
67th amino acids, with the motif found being 
“CGXXXXXXXCXXXXCCSXXGXCGXXXX
XCXXXCXXXXC”, where X indicates any 
amino acid.

Musa_acuminata_lectin

Artocarpus_hypargyrenus_lectin

Figure 6. Comparison of carbohydrate-binding site motifs in plant lectin sequences with jacalin domain based 
on the similarity of motifs found in a previous study (Raval et al., 2004). Jacalin’s conserved motifs are “GG” 
and “GXXXD”
Note. The asterisk (*) symbol indicates conserved amino acids; “X” indicates any amino acid

Hordeum_vulgare_lectin

Triticum_aestivum_agglutinin

Figure 7. Comparison of carbohydrate-binding site motifs on plant lectin sequences with the chitin_bind_1 

domain based on the similarity of motifs found in a previous study (Wright et al., 1991)
Note. The asterisk (*) symbol indicates conserved amino acids

Binding loopGG loop
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These cysteine residues indicate that 
motifs in proteins containing the chitin_
bind_1 domain are highly conserved. It is 
to be expected because the disulfide-rich 
domains of larger proteins, such as lectin 
and agglutinin, have a higher degree of 
sequence identity and are predicted to have 
descended from a common ancestor (Wright 
et al., 1991).

The B_lectin domain was found in 
two species that also possess the same 
carbohydrate binding site motif as the 
consensus of the B_lectin motif, according 
to a previous study by Zhao et al. (2017). 
B_lectin is known to have a conserved motif 
of QXDXNXVXY, where X represents 
any amino acid. Although the functionality 
of the motif is still in question, it confers 
the exclusive binding specificity of lectins 
containing the 5-amino acid motif (Pereira 
et al., 2015). This motif was detected in 
G. nivalis and A. sativum species, where 
it was found in the 56th through 64th and 
88th through 96th amino acids of the aligned 
sequences with varying X amino acids 
(Figure 8).

The agglutinin domain is known to 
have no specific carbohydrate binding site. 
A study explained that the agglutinins in 
Amaranthus sp., more commonly known as 
amaranthin, assemble a binding site from a 
loop formed from two agglutinin subunits at 
the N- and C-terminals. This phenomenon is 
called a “head-to-tail arrangement”, which 
will later form a binding site for carbohydrate 
binding. According to a comparison between 
the results and literature, A. caudatus and 
A. hypochondriacus are found to have the 
ability to assemble binding sites due to the 
presence of two agglutinin domain subunits 
in each lectin sequence of these two species, 
which allows the formation of a loop from 
a head-to-tail arrangement (Van Damme et 
al., 2008).

The analysis of the similarity or likeness 
of carbohydrate-binding site motifs in the 
15 plant lectin protein sequences studied 
based on MSA revealed that 12 sequences 
matched the consensus of motifs found in 
the literature. The G. max, P. sativum, and 
C. ensiformis lectin sequences also exhibited 
a discrepancy between the consensus motif 
and the literature or incompleteness of 
carbohydrate-binding site motifs.

Figure 8. Comparison of carbohydrate-binding site motifs in plant lectin sequences with the B_lectin domain 
based on the similarity of motifs found in a previous study (Zhao et al., 2017). The conserved motif of B_lectin 
is “QXDXNXVXY”

Note. The asterisk (*) symbol indicates conserved amino acids; “X” indicates any amino acid

Galanthus_nivalis_lectin

Allium_sattivum_lectin
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The Potential Roles of Plant Lectin

The five domains in the 15 plant lectin 
protein sequences have their respective 
functions or roles. The jacalin domain 
is a protein domain capable of binding 
monosaccharides and oligosaccharides 
with high specificity. At the beginning of 
its discovery, numerous jacalin domains 
were found in Artocarpus sp. (jackfruit), 
originating from the Moraceae family, 
but other studies have also found jacalin-
related lectins in several plant families, 
such as the Asteraceae, Convolvulaceae, 
Musaceae, and Fagaceae families (Mann 
et al., 2001). Another study explained 
that the jacalin-related lectin domain 
plays roles in plant defense mechanisms, 
including disease resistance mechanisms, 
and is associated with abiotic stress signals 
(Esch & Schaffrath, 2017). In addition, 
previous studies have also shown that the 
jacalin-related lectin domain has a role in 
the transfer of proteins to the site of the 
pathogen attack by recognizing and binding 
to oligosaccharides that are typically present 
in pathogen infection processes (Esch & 
Schaffrath, 2017). Furthermore, other studies 
also explained that lectins derived from M. 
acuminata containing the jacalin domain 
could inhibit replication and block the entry 
of the HIV-1 virus (Swanson et al., 2010). 
Additionally, the modified lectin derived 
from M. acuminata (H84T) had inhibitory 
potential toward SARS-CoV-2 infection by 
blocking the binding of the SARS-CoV-2 
spike protein to the ACE2 cellular receptor 
(Christodoulou et al., 2021). Lectins derived 
from A. hypargyreus are known to have the 

potential to act as immunomodulators by 
inducing T-lymphocyte activation (Zeng et 
al., 2019).

Chitin_bind_1, often found in the 
Poacea family, is a protein domain that 
recognizes and binds chitin subunits (type 
I). It also plays a role in plant defense 
mechanisms against pathogenic infections. 
A study showed broad-spectrum antifungal 
activity in plant chitinase proteins, which 
showed that the chitinase gene from H. 
vulgare could increase the fungal resistance 
of food crops (Kirubakaran & Sakthivel, 
2007). In addition, results from other studies 
indicate the potential of lectins derived from 
Triticum sp. to be used as a therapeutic agent 
for leukemia (Ryva et al., 2019).

The next domain is B_lectin, which is a 
bulb-type mannose-specific lectin. The name 
“bulb-type lectin” corresponds to this type 
of lectin, which is often found in the bulb 
of a plant. This domain is found in several 
plant families, such as Amaryllidaceae and 
Aliaceae, and plays a role in the specific 
binding of mannose (Barre et al., 1997). B_
lectin has the potential to be used as a natural 
insecticidal agent against specific receptors 
found on the insect midgut (Fitches et al., 
2001).

The following domain is lectin_legume_
LecRK_Arcelin_ConA, a combination of 
legume lectin, lectin-like receptor kinases, 
arcelin, concavalin A, and alpha-amylase. 
It is commonly known as legume lectin and 
is widely found in legumes in the Fabaceae 
family. This domain has a role in recognizing 
and binding specific glycoconjugates on cell 
surfaces and intracellular structures, where 
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they can serve as potential target molecules 
for development in agriculture, health, 
and pharmaceuticals (Lagarda-Diaz et al., 
2017). In addition, legume lectins have 
shown potential to be developed as natural 
antifungal, antibacterial, and insecticidal 
agents for Coleoptera, Diptera, Lepidoptera, 
Hymenoptera, Isoptera, Neuroptera, and 
Homoptera, as well as possessing the ability 
to induce apoptosis in cancer cells (B. Liu 
et al., 2010; Gautam et al., 2018).

The last domain is agglutinin, a specific 
lectin that can agglutinate erythrocytes. 
Amaranthin has specific carbohydrate 
binding sites and can agglutinate A, B, and 
O red blood cells (Rinderle et al., 1989). 
In addition, agglutinins can inhibit the 
proliferation of tumor cells and are used 
as dyes for detecting human colon cancer 
through colonoscopy (Quiroga et al., 2015).

We then conducted a literature study 
concerning the production of lectin protein 
(yield) based on previous research. Table 
5 lists the sources of plant lectin proteins 
in descending order of protein production 
and shows protein production and different 
organs that are the origin of lectins. 
Observation shows that the production of 
plant lectins through conventional methods 
varies widely from low (low yield) to 
high (high yield) categories. Plant lectin 
protein development can be carried out 
by synthetically utilizing its sequences as 
biological parts in producing plant lectin 
protein. Plant lectin protein sequences 
have the potential to be synthesized and 
further utilized in agriculture, health, and 
pharmacy by having information concerning 

the characteristics of each gene and the 
completeness of its carbohydrate binding 
site motifs.

The findings of this study show that 
several plant lectin sequences are potential 
candidates for utilization as biological parts 
by using the synthetic biology approach, 
especially in the coding sequence section. 
Some considerations for selecting the 
candidates include the completeness of the 
carbohydrate-binding site motif as well as 
the genetic characteristics such as CDS 
length (Table 2), which should be considered 
when producing lectin proteins through a 
synthetic biological approach because the 
longer the CDS, the more costly it will be 
compared to the shorter CDS. In addition, 
the completeness of the carbohydrate-
binding site motif is also considered because 
it will affect the product proteins’ ability to 
bind specific carbohydrates and their other 
roles as antifungal, antibacterial, antiviral, 
and insecticidal agents.

Candidate plant lectin sequences that 
can be utilized as biological parts for 
coding sequences include M. acuminata, 
A. hypargyreus, and G. nivalis. The first 
sequence is a lectin derived from M. 
acuminata with a CDS length of 426 
bp, contains a jacalin domain, and has a 
complete carbohydrate binding site motif 
in the form of “GG” and “GXXXD” 
amino acids, according to a previous study 
(Raval et al., 2004). Banana lectin has 
shown potential as a candidate antiviral 
by inhibiting replication and blocking 
the entry of the HIV-1 virus (Swanson et 
al., 2010). In addition, previous studies 
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described the single amino acid-modified 
BanLec (H84T), which showed the potential 
for inhibiting SARS-CoV-2 infection by 
blocking the binding between the SARS-
CoV-2 spike protein and the ACE2 cellular 
receptor (Christodoulou et al., 2021). Next 
is a lectin from A. hypargyreus with a CDS 
length of 453 bp and a jacalin domain 

with a complete carbohydrate binding 
site motif. Lectins from this species have 
potential as immunomodulators by inducing 
T-lymphocyte activation (Zeng et al., 2019).

The following candidate is a bulb-type 
lectin (B_lectin), a domain containing a 
lectin from G. nivalis with a CDS length 
of 471 bp. According to our reference 

Species Yield of 
lectin protein 

production 
(mg/g)

Protein domain Completeness 
of 

carbohydrate-
binding motifs

Organ of lectin 
origin

Amaranthus 
caudatus

1.600 Agglutinin Two agglutinin 
subunits

Seed

Amaranthus 
hypochondriacus

1.280 Agglutinin Two agglutinin 
subunits

Seed

Cicer arietinum 0.950 Legume lectin Yes Seed
Musa acuminata 

subsp. malaccensis
0.440 Jacalin Yes Fruit

Artocarpus 
hypargyreus Hance

0.400 Jacalin Yes Seed

Canavalia 
ensiformis

0.400 Legume lectin No Seed

Triticum aestivum L 0.300 Chitin_bind_1 Yes Grain
Lens culinaris 

subsp. tomentosus
0.147 Legume lectin Yes Seed

Phaseolus vulgaris 0.130 Legume lectin Yes Seed

Hordeum vulgare 
var. Betzes

0.100 Chitin_bind_1 Yes Grain

Galanthus nivalis L. 0.080 B_lectin Yes Tuber

Allium sativum L. 0.005 B_lectin Yes Tuber

Pisum sativum 0.005 Legume lectin No Seed
Robinia 

pseudoacacia
0.001 Legume lectin Yes Seed

Glycine max 0.001 Legume lectin No Seed

Table 5
Plant lectin sequences characteristics comparison
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literature, this type of lectin has a complete 
carbohydrate binding site motif, which is 
“QXDXNXVXY”, where X indicates any 
amino acid (Zhao et al., 2017). This lectin 
has shown potential as a natural insecticide 
with specific receptors in the insect midgut 
and exhibits antimetabolite activity in 
insects (Fitches et al., 2001).

CONCLUSION

This study compared the lectin gene lengths 
of 15 plant species. Artocarpus hypargyreus 
had the shortest lectin gene (480 bp), while 
G. max had the longest (1,009 bp). The 
length of the other plant lectin genes ranged 
from 495 to 912 bp. Musa acuminata, with 
three exons, had the most exons of any 
of the 15 lectin genes, while other plant 
lectin genes had 1-2 exons. The lectin 
proteins had five predicted domains: jacalin, 
chitin_bind_1, B_lectin, legume lectin, and 
agglutinin. Two protein sequences contained 
the jacalin domain; two contained the chitin_
bind_1 domain; two contained the B lectin 
domain; and four contained the legume 
lectin domain. All domains’ carbohydrate-
binding site motifs were consistent with the 
consensus motifs found in the literature. 
The study results gave us gene, protein, 
and carbohydrate-binding motif comparison 
data from some lectin-producing plants, 
providing an understanding of future protein 
production, especially using a synthetic 
biology approach to obtain plant bioparts 
to develop more advanced lectin proteins.
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