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Abstract: 
 

Plant lectinsare a group of glycoproteins of non-immune origin. They have shown potential in disease 
treatment. In this study, the activities of Arachis hypogaea, Dolichos biflorus, Erythrina crista-galli, and Glycine max 
lectins were evaluated (using hemagglutination assays), compared, and their biological activities were 
examined. Blood-group specificities along with the effects of temperature and pH on lectin activities were 
also evaluated. The lectins‟ antibacterial and antifungal properties were tested via a disc diffusion assays. An 
HIV-reverse transcriptase (HIV-RT) colorimetric assay was performed to explore the antiviral properties.A. 
hypogaea, G. max, and E. crista-galli lectins were observed to be non-blood group specific, whileD. biflorus 
lectin only agglutinated sheep erythrocytes. Using agglutination assay against rabbit erythrocytes, lectin 
activity of G. max was observed to be significantly higher than those of A. hypogaea and E. crista-galli at all 
pH levels, 5.2, 7.2, and 9.2. Lectin activity of G. max, A. hypogaea and E. crista-galli decreased as temperature 
increased from 0°C to 100°C. Although all four leguminous lectins were found to be devoid of antibacterial 
and antifungal activity, each lectin showed HIV-RT inhibition activity, withG. max having had the highest 
mean HIV-RT percent inhibition. 
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I. Introduction:  
 

The widespread emergence and transmission of infectious diseases are major globalhealth concerns. In 
the past 35 years, many bacteria known to cause deaths in humans, especially among those with weakened and/or 
compromised immune systems have become progressively resistant to modern medications and antibiotic 
treatments(Centers for Disease Control and Prevention, 2013; World Health Organization, 2020). As first- and 
second-line medications become ineffective against pathogens, new and cost-effective treatments are critical in 
combating and minimizing antimicrobial resistance (World Health Organization, 2014). 

 

Lectins are a group of glycoproteins of non-immune origin. Theycontain at least one non-catalytic 
binding domain that enables them to agglutinate cells reversibly. Lectins bind to specific monosaccharides or 
oligosaccharides present on cell surfaces(Delporte et al., 2015; Van Holle and Van Damme, 2015). The ability of 
lectins to agglutinate cells allows them to function as quasi-antibodies against pathogens, and several lectins have 
been found to possess antibacterial, antifungal, and antiviral properties (Silva et al., 2020; Ara et al., 2019; Hamed 
et al., 2017; Wang et al., 2017; Ingale and Hivrale, 2013; Qadir et al., 2013). These make lectinsa promisingly 
efficient and cost-effective means fortreatingdiseases in humans. 

 

Lectins from the Leguminosae family, the most-studied group of lectins (Cavada et al., 2018; Silva et al., 
2013),have been reported to possess antimicrobial, antitumor, antiviral and anticarcinogenic properties(Chavez et 
al., 2020; Mauryco et al., 2020; Zárate, 2017; Hamed et al., 2017; Qadir et al., 2013). The leguminous lectins Arachis 
hypogaea (AHL), Dolichos biflorus (DBL), Erythrina crista-galli (ECL), and Glycine max(GML) have not yet been 
reported to possess antimicrobial activities against the drug-resistant microorganisms: A. niger, C. albicans, C. 
globosum, R. stolonifer (+), S. aureus, K. pneumoniae, P. aeruginosa, and E. faecalis (Chen et al., 2020; Hashimoto et al., 
2017; World Health Organization, 2014;Mulu et al., 2013). Likewise, these lectins have not yet been reported to 
possess anti-HIV RT activity. In these regards, this study aimed to: (1) characterize and compare the activities of 
AHL, DBL, ECL, and GML; (2) determine and compare the antifungal and antibacterial activity of these lectins 
against the aforementioned microorganisms; and (3) determine if these lectins possess anti-HIV RT activity. 
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II. Materials and methods: 
 

Arachis hypogaea(L0881), Dolichus biflorus(L2785), Erythrina crista-galli (L5390), and Glycine max (L1395) 
lectins were purchased from Sigma-Aldrich; solutions were prepared using sterile 0.01 M phosphate buffered 
saline (PBS) (0.15 M NaCl), pH 7.2. Each of these lectins was then characterized according to its lectin 
agglutination activities (i.e., optimum temperature range, pH stability, and blood-group specificity), antibacterial 
properties, antifungal activity, and anti-HIV-RT activity. 
 

1. Characterization of lectin activities: 
 

Blood group specificity as well as the effects of pH and temperature on lectin activity were determined by 
performing hemagglutination assays. These assaysinvolved a two-fold serial dilution of the lectins mixed with 0.01 
MPBS (0.15 M NaCl), pH 7.2, and a 2% blood suspension in Costar® 96-well round-bottom microtiter plates. 
Agglutination is observed when a carpet layer forms at the bottom of the microtiter plate well. In the absence of 
agglutination, a characteristic “red button” is formed at the bottom of the microtiter plate well. Agglutination is 
indicative of the presence of lectin activity. 
 

1.1 Blood group specificity: 
 

The blood group specificity of the lectins was determined using defibrinated bovine/calf (R100-0050), 
horse (R107-0050), rabbit (R109-0050), and sheep (R111-0050)blood groups from Rockland Immunochemical®. 
A split-unit (split-plot) arrangement in randomized complete block design (RCBD) was used for the experimental 
design and statistical analysis; lectin groups (four levels: AHL, DBL, ECL, and GML) comprised the main units 
while the blood groups (four levels: bovine, horse, rabbit, sheep)comprised the subunits.  

 

In keeping with a split-unit arrangement in RCBD, a dual-nested randomization was done for each block. 
First was the randomization of lectin groups to the main experimental units, followed by the randomization of 
blood groups to the sub-experimental units within each lectin group. The outcome (or dependent) variable was 
the calculated reciprocal of dilution known as the titer value where higher values denote higher lectin activity. This 
variable was transformed using a natural logarithmic transformation (Ynalvez et al. 2015; Ynalvez et al. 2011). 
 

1.2. pH range and temperature stability: 
 

pH stabilities of lectins were determined by dissolving lectins in buffers at different pH levels: 5.2, acetate 
buffer; 7.2, phosphate buffer; and 9.2, Tris-Cl buffer.To determine their optimum temperature ranges, lectins 

prepared at different pH levels were exposed to different temperatures (0C, 50C, and 100C) for 0 to 3 hours at 
1-hour intervals (i.e., 0 hours, 1 hours, 2 hours, and 3 hours).  

 

AHL, ECL and GMLwere subjected to temperature (0°C, 50°C, and 100°C) and pH (pH levels, 5.2,7.2, 
and 9.2) studies during four different time intervals (0, 1, 2, and 3 hours). Agglutination assays were done only 
against rabbit erythrocytes as majority of the lectins understudy agglutinated rabbit erythrocytes.  DBL had no 
lectin activity against rabbit erythrocytes and thus was not subjected to pH and temperature studies. Casted as a 
3x3x3x4 factorial experiment in RCBD, these treatment effects were examined by way of an ANOVAwith the 
natural logarithm of specific activity as outcome or dependent variable (Ynalvez et al.2015). 
 

2.  Determination of antibacterial activities: 
 

Staphylococcus aureus 4651, Enterococcus faecalis 522A, Pseudomonas aeruginosa 99 and Klebsiella pneumoniae 
122were purchased from Presque Isle Culture® and analyzed separately with percent inhibition as the outcome 
variable. Following a modified version of the antibacterial test used by Nascimento et al.(2001), the antibacterial 
activity of the lectins was determined by employing a disc diffusion assay. Bacteria were streaked onto plates 

containing Müeller Hinton® (MH) agar (Himedia) and were allowed to grow for 16 to 18 hours at 37C. A single 
colony of bacteria was transferred to a sterile culture tube containing LB broth (Amresco®) and incubated for 16-

18 hours at 37C in a water bath shaker.  
 

After incubation, the bacteria were diluted using LB broth to an absorbance of 0.132 + 0.005 at 420 nm 
using a spectrophotometer (LaboMed Inc.® Spectro 23RS). Müeller Hinton® agar plates were inoculated with 

100L of the diluted bacteria. The bacteria were spread using L-shaped rods. Sterile 0.6 mm paper discs were 

impregnated with 20L of lectin and placed randomly on the streaked plates.  
Each lectin was compared to the negative and the positive control for each bacterial type where the 

positive control used was Gentamycin (10g/disc) and the negative control was sterile PBS. Plates were incubated 

at 37C for 24 hours and the zones of inhibition were measured using a Vernier caliper. Tests were carried out in 
triplicates per replication as were the assays. No statistical analysis was performed as the lectins did not inhibit 
bacterial growth.  
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3. Determination of antifungal activities: 
 

Aspergillus niger 922, Candida albicans 925, and Rhizopus stolonifer (+) 550 were purchased from Presque Isle 
Culture® and Chaetomium globosum 155973 from Carolina Biological Supply Company®. A modified version of the 
antifungal test was used as described by Charungchitrak et al.(2011). These fungi were grown on potato dextrose 

agar (PDA) (Carolina Biological®) and were allowed to grow at 28C for seven days. A loop of fungi was 
removed from the PDA culture and placed on a new sterile PDA plate within the boundaries of a circle drawn 6 

mm away from the edge and was incubated at 28C for 22 to 24 hours. Sterile 0.6 mm paper discs impregnated 

with 20 L of lectin solution were placed randomly along the perimeter of the drawn boundary. Plates were 

incubated 28C for 22 to 24 hours after which any crescents/zones of inhibition were recorded using a Vernier 
caliper. Tests were carried out in triplicates per replication, with three replications being performed. However, the 
lectins did not inhibit fungal growth, thus no statistical analysis was performed. 
 

4. Determination of anti-HIV reverse transcriptase (HIV-RT) activity: 
 

The determination of the anti-HIV-RT of the four lectins utilized the protocol from the Roche Life 
Sciences‟® manual of their reverse transcriptase colorimetric assay kit. An ELISA plate reader (Bio-Rad® 
Microplate Reader Model 680) was used to read the absorbance at 405 nm. Six replications were performed each 
testing the four lectins with three trials per lectin. As suggested in the manufacturer‟s manual (Roche Life 
Sciences®), percent inhibition was determined using the following formula for percent inhibition: 

 
 Average Positive− Average Negative −  Sample − Average Negative 

 Average Positive− Average Negative 
 × 100 

A split-unit (split-plot) design in RCBD analysis of variance was also conducted to analyze the lectins‟ HIV-
RT inhibition activity at one concentration against one another. Among the lectins, G. max lectin (GML) showed 
the highest mean percent inhibition activity against HIV-RT. Thus, another split-unit (split-plot) design in RCBD 
analysis of variance was conducted to analyze the effect of GML at concentration range 2.5 to 40 µg/ml on HIV-
RT inhibition activity using AZT as positive control. Azidothymidine (AZT) (Sigma Aldrich A2169), an 
antiretroviral drug used to prevent HIV and treat AIDS was used as a positive control (Hajimahdiand Zargh, 
2016). 

 

III. Results and discussion: 
 

1. Characterization of lectin activities: 
 

1.1 Blood group specificity: 
 

Blood specific lectins agglutinate red blood cells of one organism only, while non-blood group specific 
lectins agglutinate red blood cells of different organisms (Zakharchenko, et al., 2017; Han et al., 2010). Results 
indicated that (a) AHL agglutinated bovine, horse, and rabbit blood groups; thus, making this lectin non-blood 
group specific; (b)GML agglutinated to bovine, rabbit, and sheep blood, also making this lectin non-blood group 
specific; and (c)EML agglutinated to bovine, rabbit, and sheep blood groups, making this lectin non-blood group 
specific as well. On the other hand, the aliquots of DBL agglutinated to sheep blood group only.  

 

For analysis, lectin specific activity (SA; titer/mg protein) values were transformed to natural logarithm of 
specific activity (ln SA). Table I summarizes the results of the blood group specificity study. Results showed 
differences among the blood groups tested (ANOVA table not shown) with the same results further subjected to 
a Bonferroni post-hoc test using a type-I error rate (α) of 0.05 for mean comparison to identify significant 
differences. This test showed a significant difference in the ln SA of AHL between rabbit blood (ln SA=6.932) 
and two of the other blood groups: bovine (ln SA=0.536) and horse (ln SA=0.944). The ln SA of AHL between 
sheep blood and the other three blood groups was undefined as the titer for sheep blood was zero. For DBL, 
Bonferroni test showed no significant difference in the ln SAamong blood groups. Bonferroni test showed a 
significant difference in the ln SA of ECL between bovine (ln SA= 4.075) and horse (ln SA= 6.356) blood groups. 
Bonferroni test also showed a significant difference in the ln SA of GMLbetween the bovine (ln SA= 2.872) and 
the rabbit (ln SA=7.625) blood groups. Horse erythrocytes were agglutinated only by AHL. On the other hand, 
bovine erythrocytes were agglutinated by three lectins but not by DBL, and sheep erythrocytes were also 
agglutinated by three lectins not by AHL. Rabbit erythrocytes were also agglutinated by AHL, GML and ECLbut 
not agglutinated by DBL. AHL, GML and ECL recognized the carbohydrate component units on the cellular 
surface of bovine, sheep, and rabbit erythrocytes but appeared to have a stronger affinity for rabbit erythrocytes 
(Table I). 

Diversity in the carbohydrates present on the cell surface of the varying blood groups may be responsible 
for the observed differences in lectin activities, with each lectin having variable affinities for the glycoconjugates 
present on the four erythrocyte surfaces (Gautam, et al., 2017).  
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Likewise, the lack of lectin activity towards a blood group could be due to the absence of binding sites in 
the lectin that have affinity for the respective glycoconjugate/s expressed on the cell membrane of the blood 
group. For example, DBLhave binding sites that could recognize the carbohydrate component units on the 
cellular surface of sheep erythrocytes. Hence, it is likely thatDBL does not have the binding sites for carbohydrate 
components found on the cellular surface of bovine, rabbit, and horse erythrocytes.  
 

Table I: Determination of blood specificities of A. hypogaea, D. biflorus, E. cristagalli, and G. 
maxlectins 

Lectin Blood 
group 

Titera 
Protein Content 
(mg/mL)b 

HAc 
SA 
(titer/mg)d 

ln SAe 

A
. 

h
yp

o
g

ae
a 

 Bovine 1.33 1.32 67 50 0.536 
Horse 5.33 1.32 267 202 0.944 
Rabbit 1194.67 1.32 5,9733 4,5150 6.932 

Sheep 0 1.32 0 0 undefined 

D
. 

b
if

lo
ru

s 

Bovine 0 1.63 0 0 undefined 
Horse 0 1.63 0 0 undefined 
Rabbit 0 1.63 0 0 undefined 
Sheep 512 1.63 2,5600 15,677 2.426 

E
. 

cr
is

ta
-

g
al

li
 

Bovine 146 2.99 7,283 2,433 4.08 
Horse 0 2.99 0 0 undefined 
Rabbit 896 2.99 44,800 14,963 6.36 

Sheep 11 2.99 533 178 1.17 

G
. 

m
ax

 Bovine 28 2.347 1400 596.506 2.872 
Horse 0 2.347 0 0 undefined 
Rabbit 2048 2.347 10240 4363.017 7.625 
Sheep 5.333 2.347 266.65 113.613 0.944 

a Titer is the reciprocal of the lowest dilution that was positive for lectin activity. 
b Protein content was determined using Bradford assay. 
c Hemagglutination Activity (HA)is titer multiplied by sample volume (50 μL). 
d SA, Specific Activity is HA divided by protein content. 
e ln Specific Activity (SA), is the natural logarithm of specific activity. Values of ln SA are mean values from 
Bonferroni test using a 5% type-I error rate. 
 

The hemagglutination activity of the four leguminous lectins was also tested against a 2% suspension of 
trypsin-treated rabbit and trypsin-treated horse erythrocytes. Results were read after about 1 hour when the blank 
had fully sedimented. Similar to most lectins, the hemagglutinations or the lectin activities were enhanced 
following the treatment of erythrocytes with trypsin (Table II and Figure 1). This was evident following the 
treatment of rabbit erythrocytes with trypsin. The hemagglutination activity of the AHL, DBL, and ECL were 
enhanced. In addition, DBL was devoid of hemagglutination activity against rabbit erythrocytes prior to the 
trypsin treatment and lectin activity was detected after rabbit blood trypsinization. Enhancement of lectin activity 
after trypsinization of horse erythrocytes were only observed in AHL and ECL. Proteases, including trypsin, are 
known to increase sensitivity of red blood cells‟ agglutination by several folds. Treatment of red blood cells with 
protease leads to the removal of polypeptides on the surface of erythrocytes and exposing lectin‟s surface 
receptors (Al Gaali et al., 2019; Mukhammadiev and Bagaeva, 2015). 

 
Table II: Hemagglutinating activity of A. hypogaea, D. biflorus, E. cristagalli, and G. max against 
trypsin treated (TT) and trypsin-untreated horse and rabbit erythrocytes. 

Lectin Horse TTHorse Rabbit TTRabbit 

A. hypogaea (AHL) 0 6 10 11 

D. biflorus (DBL) 0 0 0 11 

E. cristagalli (ECL) 0 2 8 11 

G. max (GML) 0 0 11 11 

*Titer is defined as the reciprocal of the end-point dilution which caused detectable agglutination of erythrocytes. 
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Figure 1: Hemagglutinating activity of A. hypogaea, D. biflorus, E. cristagalli, and G. max against 
trypsin treated (TT) and trypsin-untreated horse and rabbit erythrocytes. 
*Titer is defined as the reciprocal of the end-point dilution which caused detectable agglutination of erythrocytes. 
Hemagglutinating activity of A. hypogaea, D. biflorus, E. cristagalli, and G. maxlectins against trypsin-untreated horse 
blood was not detected. 
 

1.2 pH and temperature stability: 
 

Lectin specificity towards carbohydrates present on erythrocyte cellular surfaces depends on the lectin‟s 
structure. Lectins‟ structures are maintained by Van der Waals forces, ionic interactions, hydrogen bonds, and 
disulfide linkages. pH and temperature changes are known disruptors of these non-covalent interactions that 
affectthe biological properties and the stability of lectins (Singh et al., 2020; Gautam et al., 2017). 

 

The temperature and pH stability of A. hypogaea (AHL), E. crista-galli (ECL), and G. max (GML) lectins were 
determined by dissolving the lectin in different buffers, incubating the lectin solutions at various temperatures for 
different time intervals, and measuring the hemagglutinating activity of the lectin solutions. Table III and Figures 
2-5 show the temperature and pH stability results of AHL, ECL and GML. 

 
Table III: ANOVA Results from 3x3x3x4 Factorial Experiment in Randomized Complete Blocks Design 
for ln(SA) 

Sources of Variation DF SS MS F-value p-value 

Blocks 1 6.27 6.27 3.04 0.0839 

Lectin 2 262.67 131.34 63.79 <0.0001*** 

pH 2 43.36 21.68 10.53 <0.0001*** 

Lectin × pH 4 44.22 11.06 5.37 0.0006*** 

Temp 2 1264.60 632.30 307.1 <0.0001*** 

Lectin × Temp 4 84.84 21.21 10.3 <0.0001*** 

pH × Temp 4 65.21 16.30 7.92 <0.0001*** 

Lectin × pH × Temp 8 44.24 5.53 2.69 0.0099** 

Time 3 429.27 143.09 69.5 <0.0001*** 

Lectin × Time 6 15.88 2.65 1.29 0.2702 

pH × Time 6 14.90 2.48 1.21 0.3087 

Lectin × pH × Time 12 22.88 1.91 0.93 0.5240 

Temp × Time 6 393.34 65.56 31.84 <0.0001*** 

Lectin × Temp × Time 12 36.12 3.01 1.46 0.1500 

pH × Temp × Time 12 31.52 2.63 1.28 0.2436 

Lectin × pH × Temp × 
Time 

12 22.03 0.92 0.45 0.9874 

*** significant at the 0.001 level. 
 

For analysis, lectin specific activity was transformed to natural logarithm of specific activity (ln SA). The 
hemagglutinating activities of all four lectins are affected by pH as their ln SA changed when prepared using the 
different buffers. As shown ofin Figure 2, the ln SA of both AHLand ECL showed a negative (decreasing) trend 
as the pH level of the buffers increased from 5.2 to 9.2.  
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Figure 3: Impact of temperature on specific activity depending on the type of lectin. 

ANOVA results indicated no significant differences in ln SA of AHL among the three pH levels. For 
ECL ANOVA results reported a significant difference (p<0.001) in ln specific activity between pH levels 5.2 (ln 
SA=6.76) and 9.2 (ln SA= 4.33) and between pH levels 7.2 (ln SA=5.84) and 9.2 (ln SA= 4.33). ANOVA results 
also reported a significant difference (p<0.05) between pH levels 5.2 (ln SA= 6.76) and 7.2 (ln SA=5.84).  
 

 
 
 
 
 
 

ANOVA results reported a significant difference (p<0.05) in the ln SA of GML between pH 5.2 (ln SA= 
8.73) and pH 7.2 (ln SA= 7.79). ANOVA results also reported no significant difference between pH 5.2 (ln SA= 
8.73) and pH 9.2 (ln SA=8.50) and between pH 7.2 (ln SA= 7.79) and pH 9.2 (ln SA=8.50). In addition, ln SA of 
GML is significantly different to ECL and AHL at all pH levels.  

The hemagglutinating activity of all three lectins changed as the temperature increased from 0C to 

100C, as shown in Figure 3. The ln SA of the AHLshowed a negative(decreasing) trend as temperature increased. 

ANOVA results showed a significant difference in ln SA of AHL between 0C (ln SA=8.78) and 50C (ln SA= 

7.83), 0C (ln SA= 8.78) and 100C (ln SA= 3.93), and 50C (ln SA=7.83) and 100C (ln SA= 3.93). ANOVA 

results indicated significant difference (p<0.001) in ln SA of ECLacross the three temperature levels, 0C (ln 

SA=8.36), 50C (ln SA= 5.76), and 100C (ln SA= 2.78). The ln SA of GML remained stable between 0°C (ln 
SA= 10.51) and 50°C (lnSA= 10.44) but decreased at 100°C (ln SA=4.06). ANOVA results indicated a significant 
difference (p<0.001) in ln SA between 0°C and 100°C, and between 50°C and 100°C, but reported no significant 
difference on ln SA between 0°C and 50°C. 

The impact of temperature on specific activity at varying levels of pH was also examined. As shown in 
Figure 4, temperature affects specific activity at varying pH levels. ANOVA results showed a significant difference 
(p<0.001) on ln SA between 0°C (ln SA= 9.30) and 100°C (ln SA= 4.75) and between 50°C (ln SA= 8.58) and 
100°C (ln SA= 4.75) at pH 5.2 and showed no significant difference between 0°C (ln SA= 9.30) and 50°C (ln 

Figure 2: The impact of pH on lectin specific activity depending on the type of lectin. 
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SA= 8.58) at pH 5.2. Furthermore, tests showed a significant difference (p<0.001) on ln SA between 0°C (ln SA= 
9.18) and 100°C (ln SA= 2.61) and between 50°C (ln SA= 8.67) and 100°C (ln SA= 2.61) at pH 7.2 but showed 
no significant difference between 0°C (ln SA= 9.18) and 50°C (ln SA= 8.67) at pH 7.2. ANOVA results indicated 
a significant difference (p<0.001) between 0°C (ln SA= 9.17) and 50°C (ln SA= 6.81), between 0°C (ln SA= 9.17) 
and 100°C (ln SA= 3.41), and between 50°C (ln SA= 6.81) and 100°C (ln SA= 3.41) at pH 9.2.  

 

The impact of time on specific activity at varying levels of temperature was also determined and is shown 
on Figure 5. ANOVA results indicated a significant difference (p<0.001) in the impact of time at 50°C between 0 
hours (ln SA= 9.38) and 2 hours (ln SA= 7.36), and between 0 hours (ln SA= 9.38) and 3 hours (ln SA= 7.36) at 
50°C. The test showed a significant difference (p<0.01) at 50°C between 0 hours (ln SA= 9.38) and 1 hour (ln 
SA= 7.97). ANOVA results indicated significant difference (p<0.001) on the impact of time at 100°C between 0 
hours (ln SA= 9.25) and 1 hour (ln SA= 1.99), between 0 (ln SA= 9.25) and 2 hours (ln SA= 1.82), and between 0 
(ln SA= 9.25) and 3 hours (ln SA=1.32). ANOVA results indicated no significant difference on the impact of 

impact of time on ln SA at 0°C.  
 

Lectin specificity towards carbohydrates present on erythrocyte cellular surfaces depend on the lectin‟s 
structure. A protein structure is maintained through Van der Waals forces, ionic interactions, hydrogen bonds, and 
disulfide linkages, and any disruption among these interactions affects the biological properties and stability of the 
protein lectin. Moreover, hydrogen bonding and Van der Waals forces stabilize lectin-carbohydrate interactions 
(Quiocho, 1986), while lectin-binding sites contain amino acids that contribute to the positive and negative 

Figure 4: Impact of temperature on specific activity at varying levels of pH. 

Figure 5: Impact of time on specific activity at varying levels of temperature. 
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charges of the functional groups. Any temperature and/or pH changes affect ionic interactions on the molecular 
surface of lectin-binding sites thus affecting the lectin‟s stability and activity (Adenike and Eretan, 2004). 
 

2. Determination of antibacterial activities: 
 

Many plant lectins possess antimicrobial properties(Tsaneva and Van Damme, 2020). The antibacterial 
properties of A. hypogaea (AHL), D. biflorus (DBL), E. crista-galli (ECL) and G. max(GML) lectins were also 
examined. Antibacterial properties against S. aureus, K. pneumoniae, P. aeruginosa, and E. faecalis were tested using disc 
diffusion assays. None of the lectin aliquots of 5 mg/mL concentrations showed growth inhibition against any of 
the aforementioned bacteria, making it likely that AHL, DBL, ECL, and GML lack affinity for the 
glycoconjugates expressed on the bacterial cell membranes of S. aureus, E. faecalis, P. aeruginosa, and K. pneumoniae. 
  

3. Determination of antifungal activities: 
 

Many plant lectins have not yet been tested for antifungal properties, and not many plant lectins have 
been reported to have antifungal activities. Hence, antifungal activities of AHL, DBL, ECL, and GML against 
Aspergillus niger, Candida albicans, Rhizopus stolonifer, and Chaetomium globosum were examined. Purified lectin aliquots 
(5 mg/mL concentration) were tested against the four aforementioned fungal species.  However, none of the 
leguminous lectins tested displayed antifungal activity; the plates used in the antifungal disc diffusion assay did not 
display any zone of inhibition that would indicate fungal inhibitory properties. 

 

Chenet al. (2018) suggested that lectins‟ antifungal activity lies on their ability to bind to chitin, a fibrous 
substance consisting of polysaccharides that forms the major constituent in fungal cell walls. It may be that the 
leguminous lectins tested did not exhibit antifungal properties because they were unable to bind to the chitin 
found on the cellular membrane of the four fungi. Furthermore, it is also possible that the tested lectins could 
have expressed affinity for other sugars but not with chitin.  
 

4. Determination of anti-HIV-RT activity:  

Previous studies have reported about lectins‟ ability to inhibit HIV (Kaur, 2019; Lam and Ng, 2010). 
Drugs of the analog reverse-transcriptase inhibitor (NRTI) class work by inhibiting the reverse transcriptase 
enzyme used by HIV to replicate its DNA, thus decreasing HIV replication.Azidothymidine (AZT), also known as 
zidovudine (ZDV), is an example of antiretroviral drug used to prevent HIV and treat AIDS(Hajimahdand 
Zarghi, 2016). However, even at high doses, AZT treatment is not effective enough to completely inhibit HIV 
replication; AZT may only decrease HIV replication and progression of the disease. In addition, the use of AZT 
treatment for extended periods can lead to the mutation of HIV reverse transcriptase (RT) resulting in viral 
resistance (Shu et al., 2018; Li et al., 2017). 

 

The anti-HIV-RT activity of the four leguminous lectinsAHL, DBL, ECL, and GMLwas tested initially at 
a concentration of 58 µg/ml using an Enzyme-Linked Immunosorbent Assay (ELISA) kit, which detects HIV 
inhibition using the enzyme, reverse transcriptase. Percent inhibition of these lectins was compared to those of 
azidothymidine (AZT). That said the percent inhibition for AHL ranged from 25.7% to 100%. DBL had an 
inhibitory range from 1.3% to 100%. ECL had an inhibitory range of 2.2% to 100%. Percent inhibition for the 
GML ranged from 53.3% to >100%.  There were significant differences (p<0.05)among lectins with respect to 
percent inhibition of HIV-RT activity (Table IV). Figure 6 shows the mean percent HIV-RT inhibition activity of 
AHL, DBL, ECL, and GMLprepared at a concentration of 58 µg/ml against HIV-RT.  There was significant 
difference between DBLand GML (p<0.05) (Figure 6, Table IV). 
 

Table IV: ANOVA results of the comparison of HIV reverse transcriptase inhibition activity among A. 
hypogaea, D. biflorus, E. cristagalli, and G. max lectins. 
 

Sources of variation DF SS MS F-value p-value 

Blocks 6 2365.87 394.31 0.87 0.5341 

Treatments 3 4887.32 1629.11 3.60 0.0338* 

         *Significant at the 0.05 level 
 
 



Ruby A. Ynalvez et al.                                                                                                                                        9 

 
 

 
 
 
 
 
 

Given that GML showed the highest mean percent inhibition activity against HIV-RT among the four 
leguminous lectins initially tested, its inhibition activity was further examined. Six concentrations (2.5, 5, 10, 20, 40 
µg/ml) of GMLwere compared to AZT (the positive control was at a concentration of 25 µg/ml) (Table V). The 
aim of this specific segment of the study was to determine if the tested concentrations of GMLaffected HIV-RT 
percent inhibition activity. ANOVA results indicated that the concentration of GMLsignificantly (p<0.001) 
affectedpercent inhibition of HIV-RT in comparison to AZT, the positive control (p<0.001) (Table V). The 
lectin‟s HIV-RT inhibition activity is significantly different (p<0.001) from AZT when prepared at 2.5, 5.0, and 
40.0 µg/ml. On the other hand, the lectin‟s inhibition activity was not significantly different from AZT at 10.0 and 
20.0 µg/ml. This means that at 10.0 and 20.0 µg/ml, GMLis as effective as AZT (25 µg/ml).  
 

Table V: Comparison between different Glycine max concentrations and AZTagainst HIV reverse 
transcriptase. 

Contrasts DF SS MS F-value p-value 

2.5 vs AZT 1 1351.83 1351.83 42.77 <.0001*** 
5.0 vs AZT 1 786.26 786.26 24.88 0.0002*** 
10.0 vs AZT 1 13.98 13.98 0.44 0.5161 
20.0 vs AZT 1 21.86 21.86 0.69 0.4187 
40.0 vs AZT 1 1940.33 1940.33 61.39 <.0001*** 

*** significantly different from AZT at the 0.001 level. 
 

Table VI shows the results of the trend analysis of percent inhibition across concentration levels. Based on the 
data, the trend could either be predominantly linear, or linear and quadratic (p<0.001). However, as shown on 
Figure 7, the effect of GML concentrations that range from 2.5 to 40 µg/ml on HIV-RT percent inhibition seems 
to be predominantly linear in behavior (p<0.001). Thus, a constant positive increment (or positive slope) in 
percent inhibition of the lectin exists. The IC50 concentration of GMLwas also determined. GMLinhibited HIV-
RT with an IC50 of 13.6 µg/ml. This is the concentration at which GML lectin inhibits 50% of HIV-RT activity. 
Results shows that the concentration of GML influences percent inhibition of HIV-RT in comparison to AZT.   
 
 

Table VI: Trend analysis for concentration levels with percent inhibition as outcome. 

Contrasts DF SS MS F-value p-value 

Linear 1 7369.73 7369.73 233.17 <.0001*** 
Quadratic 1 1.92 1.92 0.06 0.8086 
Linear and quadratic 2  7371.66 3685.83 116.62 <.0001*** 

*** significant at the 0.001 level 
 
 
 
 
 

Figure 6: Comparison of the mean percent inhibition of A. hypogaea, D. biflorus, E. cristagalli, 

and G. max lectins against HIV reverse transcriptase.  

*Denotes significant difference between treatments. Mean values were from seven replications ran in 

triplicate. 
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It is likely that AHL, DBL, ECL and GML could inhibit the activity of HIV reverse transcriptase (HIV-

RT) due to direct protein-protein interactions. Wong and Ng (2010) performed a similar study in which they 
assayed the HIV-RT inhibitory activity of Musa basjoo cv „Emperor banana‟ lectin (EBL). These researchers 
reported that EBL inhibited HIV-1 reverse transcriptase with an IC50 of 3.3 µM andsuggested that it was possible 
that EBL could inhibit the activity of HIV-RT due to direct protein-protein interactions. Similarly, Zhao et al. 
(2010) assayed the HIV-1 reverse transcriptase inhibition activity of the edible wild mushroom Russula delica lectin. 
This particular lectin was determined to inhibit HIV-1 reverse transcriptase with an IC50 value of 0.26 µM. As per 
Zhao et al. (2010), R. delica lectin has a significant HIV-1 reverse transcriptase inhibition activity compared with 
many other lectins. This same study suggests the possible mechanism of inhibition of the lectin is analogous to the 
protein-protein interaction involved in the HIV-1 reverse transcriptase inhibition of the homologous protease 
(Bottcher and Grosse, 1997). Another lectin reported to exhibit a strong HIV-1 reverse transcriptase inhibition 
activity is the isolated protein from Capparis spinosa seeds. Lam and Ng (2009) determined the lectin from C. spinosa 
seeds inhibited HIV-1 reverse transcriptase with an IC50 of 0.23 µM. Lam and Ng also proposed that the 
mechanism of inhibition of the C. spinosa lectin could be protein-protein interaction.  
 

Conclusions: 
 

Arachis hypogaea (AHL), Erythrina cristagalli (ECL), and Glycine max (GML) lectins are non-blood group 
specific, while Dolichos biflorus (DBL) is blood-group specific. Trypsinization of horse erythrocytes increased the 
agglutination activity of AHL and ECL and had no effect on agglutination activity of DBL and GML. On the 
other hand, trypsinization of rabbit erythrocytes slightly increased the agglutination activity of AHL and ECL; 
and increased the agglutination activity of DBL, which had no agglutination activity prior to the trypsin treatment. 
The stability of AHL, ECL and GML was determined to be affected by temperature and pH changes. The results 
from the temperature stability study showed that, among the three lectins, GML was the most stable across all 
three temperatures while ECL was the least stable. No significant differences in ln specific activity were observed 
among the three temperatures, 0°C, 50°C, and 100°C, at 0 hour, while there were significant differences in ln 
specific activity between 0°C, 50°C, and 100°C after 1 hour, 2 hours, and 3 hours. Temperature was determined to 
impact the ln specific activity at pH 5.2, pH 7.2, and pH 9.2. Time was determined to drastically impact the ln 
specific activity at 100°C, but not at 0°C and 50°C.  

 

AHL, DBL, ECL, and GML did not show antimicrobial activities against A. niger, C. albicans, C. globosum, 
R. stolonifer (+), S. aureus, K. pneumoniae, P. aeruginosa, and E. faecalis. Determination of antibacterial and antifungal 
activities against other bacteria and fungi is recommended. Interestingly, all four lectins were determined to 
possess HIV reverse transcriptase inhibition activity. GML had the highest mean HIV-RT percent inhibition 
activity. The plant lectins used in this study show potential applications in the treatment of human 
immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS). Thus, results of this study 
contribute to the list of potential compounds for drug testing and clinical studies aimed at developing drugs 
against HIV and AIDS.  

 
 
 

Figure 7: Comparison of HIV reverse transcription inhibition of Glycine maxlectinat 

different concentrations against AZT. 
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