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	 Lectins are carbohydrate-binding proteins widely distributed in leguminous plants 
and are known for their hemagglutination and diverse biological activities; in this study, a 
mannose-specific lectin was isolated and partially characterized from Trigonella foenum-
graecum seeds by extraction with phosphate-buffered saline, partial purification through 
ammonium sulphate precipitation and dialysis, and characterization using hemagglutination, 
sugar inhibition assays, pH and temperature stability tests, and SDS-PAGE analysis. The lectin 
exhibited strong hemagglutination activity against human A, B, and O erythrocytes without strict 
blood-group specificity, and its activity was selectively inhibited by mannose, confirming its 
mannose specificity. The lectin remained stable within a pH range of 6–8 and at temperatures 
up to 70°C, while SDS-PAGE revealed a protein band of approximately 28–30 kDa. Overall, the 
findings indicate that Trigonella foenum-graecum seeds are a rich source of a stable mannose-
specific lectin with significant potential applications in glycobiology and biomedical research.
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	 Lectins, also known as carbohydrate-
binding proteins, are a class of non-immune 
glycoproteins with the capacity to recognize and 
reversibly attach to carbohydrate moieties. Because 
of this special characteristic, lectins are involved in 
many biological processes, such as immunological 
responses, host-pathogen interactions, signal 
transduction, and cell recognition mechanisms.1 
Lectin-glycan interactions have a crucial role in 
cellular communication and the development of 
illness, especially in infection biology and cancer 
research, according to recent studies.2, 3

	 In plants, lectins are extensively dispersed 
and are considered to play key roles in defensive 
mechanisms against insects, fungus, and bacteria, 
as well as in physiological processes like as 
seed germination, cell elongation, and symbiotic 
relationships.4 Plant lectins function as molecular 
recognition components, allowing plants to detect 
and react to biotic and environmental stress. Recent 
proteomic and functional studies have further 
established that plant lectins contribute to stress 
tolerance and adaptive responses under adverse 
environmental conditions.5     
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	 Based on their structural and functional 
traits, plant lectins are divided into a number of 
categories, with legume lectins being the largest 
and most thoroughly researched family.6 These 
lectins have a high selectivity for either simple 
or complex sugars and are usually oligomeric 
proteins with one or more carbohydrate-binding 
sites per subunit. Legume lectins have been widely 
used as molecular tools in glycobiology for the 
identification, separation, and characterization 
of glycoproteins and cell-surface glycans due to 
their characteristics.7 Legume lectins’ stability, 
oligomerization, and ligand-binding processes 
have all been better understood thanks to recent 
structural research, which has increased their 
biotechnological significance.8

	 In addition to their physiological 
functions in plants, lectins have garnered a lot 
of interest because of their potential in medicine. 
Many plant lectins have been shown to have 
immunomodulatory, anticancer, antiviral, and 
antifungal properties as well as the capacity to 
control lymphocyte proliferation and death.9 
Recent studies have highlighted lectins’ potential 
as therapeutic agents and diagnostic biomarkers, 
especially in immune regulation and cancer 
targeting. As a result, a significant field of current 
research continues to be the purification and 
thorough characterisation of lectins from new and 
unexplored plant sources.10

	 Trigonella foenum-graecum (fenugreek), 
belongs to the family Fabaceae, is well known 
for its nutritional, medicinal, and therapeutic 
benefits. Rich in proteins, dietary fiber, alkaloids, 
saponins, and polyphenols, fenugreek seeds have 
long been used to treat digestive issues, diabetes, 
hypercholesterolemia, and inflammation.11 The 
pharmacological characteristics of fenugreek have 
been thoroughly studied, however lectins from its 
seeds have gotten relatively less attention. Previous 
studies have found mannose-specific lectins in 
fenugreek seeds, indicating their role in Rhizobium 
legume symbiosis and plant defense. Fenugreek 
seed proteins have attracted increased attention 
due to omics-based research that highlights their 
medicinal potential and functional variety.12

	 The significance of lectin ligand 
interactions in medicinal applications has also 
been highlighted by recent developments in 
lectin research. Porphyrins are frequently utilized 

as photosensitizers in photodynamic therapy 
(PDT) for the treatment of cancer, although their 
low selectivity toward tumor cells limits their 
therapeutic effectiveness.13 Lectin-mediated 
targeting techniques have been suggested to 
improve the specificity of porphyrin-based 
PDT because certain lectins can identify tumor-
associated glycoconjugates. Thus, the creation 
of lectin-assisted medicinal systems requires 
an understanding of lectins’ structural stability, 
carbohydrate selectivity, and ligand-binding 
behavior.
	 In view of these considerations, the 
present study focuses on the isolation and partial 
characterization of a lectin from the seeds of 
T. foenum-graecum. The lectin is characterized 
with particular emphasis on hemagglutination 
activity, carbohydrate specificity, and stability 
under varying pH and temperature conditions. 
This comprehensive analysis contributes to a 
deeper understanding of fenugreek seed lectins 
and supports their potential applications in 
glycobiology, biotechnology, and therapeutic 
research.

MATERIALS AND METHODS

Collection of Plant Material and Chemicals
	 Fresh 25g seeds of Trigonella foenum 
graecum were collected during March 2023 
from Dharwad, India (15°262 28.53 N, 74°592 
2.13 E). The seeds were washed thoroughly, 
air-dried, and immediately processed for lectin 
extraction. For hemagglutination studies, Human 
blood samples were collected through the civil 
Hospital, Dharwad. Analytical grade chemicals 
used were of. Ammonium sulfate, NaCl, dialysis 
membrane (MWCO 50 kDa), pH buffers, SDS- 
chemicals were procured from Himedia (India) & 
Sigma-Aldrich (USA). Additional reagents other 
electrophoresis-grade chemicals were purchased 
from Sisco Research Laboratories (SRL) and 
Himedia. Sugars used for inhibition assays. All 
glassware and plasticware used were of sterilizable 
laboratory quality.
Extraction of Lectin from Trigonella foenum 
graecum Seeds
	 Lectin extraction was carried out following 
a modified protocol described by.14 Approximately 
20 g of Dried seed coat free Trigonella foenum 
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graecum seed were fine powdered and separated 
through 50 µm sieve. Then, powder was mixed with 
20 mL of phosphate-buffered saline (PBS; 100 mM, 
pH 7.2) supplemented with 200 mM EDTA and 2 
mM PMSF to inhibit proteolysis. The homogenate 
was kept under gentle stirring at 4 °C overnight. 
The mixture was filtered through muslin cloth and 
centrifuged to remove insoluble debris at 5000 rpm 
for 20 min at 4 °C.  For subsequent purification 
supernatant was stored at 4 °C for.
Purification of Crude Extract & Estimation 
Protein concentration 
	 Low-molecular-weight contaminants 
were removed by dialysis. After adding the crude 
extract to a 50 kDa dialysis tube, it was dialyzed 
against regular saline for 24 hours at 4 °C with 
sporadic buffer changes. The dialyzed extract was 
gradually saturated to 0–100% saturation at 4°C 
to precipitate ammonium sulphate. Centrifugation 
was used for 30 minutes at 6000 rpm to collect 
the precipitated protein fraction. To get rid of any 
remaining ammonium sulphate, the pellet was 
completely dialyzed and resuspended in regular 
saline. The partially purified lectin sample used 
for additional characterization was this ammonium 
sulphate fraction (ASF).15 The protein was 
estimated using BSA as the standard readings at 
280 nm as per .16 
Trypsinized Erythrocytes Preparation 
	 Samples A, B, and O of human blood were 
drawn into tubes filled with 4% sodium citrate. 
After pelleting the erythrocytes for five minutes 
at 1500 rpm, they were rinsed three times with 
isotonic saline and then with PBS. At 660 nm, the 
densely packed erythrocytes were adjusted to OD 
2.5. Erythrocytes were trypsinized by incubating 
them with 0.025% trypsin for one hour at 37 °C. The 
final erythrocyte suspension was adjusted to OD 
3.5 at 660 nm after excess trypsin was eliminated 
by repeated saline washing. Hemagglutination 
and inhibition tests were performed using this 
suspension.17

Haemagglutination Assay
	 Using trypsinized human erythrocytes 
and a two-fold serial dilution experiment, the 
hemagglutination activity of Trigonella foenum-
graecum lectin was evaluated in a 96-well 
U-bottom microplate. As a positive control, 100 ìL 
of standard lectin and 100 ìL of RBC suspension 
were added to the first well in each row. As a 

negative control, each row’s last well was filled 
with 100 ìL of RBC suspension and 100 ìL of 
saline. RBCs, saline, and lectin solution (100 ìL 
each) were added to each intermediate well. 10 
ìL of the normalized crude freeze-dried lectin was 
added to the first well to start the test, and it was 
serially diluted in the following wells. After an 
hour of room temperature incubation, the plate was 
visually examined for agglutination. The highest 
and lowest dilutions exhibiting agglutination were 
noted. One hemagglutinating unit (1 HAU) was 
the lowest lectin concentration that could cause 
agglutination, and the hemagglutination titer was 
the maximum dilution that still resulted in visible 
hemagglutination.
Sugar Specificity Assay
	 Assays for sugar inhibition were carried 
out as previously mentioned.18 Each chosen sugar 
was serially diluted two times in regular saline. 
Each sugar dilution received a fixed amount of 
lectin (4 HAU) and was incubated for one hour at 
37 °C. Following incubation, 50 µL of 2% trypsin-
treated erythrocytes were added, and the solutions 
were allowed to sit at room temperature for half 
an hour. The inhibitory concentration was defined 
as the lowest sugar concentration that totally 
prevented hemagglutination.
Temperature & pH Effect Stability of Lectin
	 The purpose of the pH stability test was 
to determine the ideal pH for the highest activity 
of lectins found in the partly purified plant lectin 
seeds. Using buffers with pH values between 1 
and 10. After 30 minutes of room temperature 
incubation with 100 µl of various buffer solutions, 
100 µl of lectin was tested for agglutination 
using 2% erythrocyte. To assess thermal stability, 
100 µL aliquots of lectin were incubated for 30 
minutes at temperatures between 30 and 90 °C. 
Samples were cooled to room temperature after 
heat treatment, and the standard test was used to 
measure hemagglutination activity.19

SDS–Polyacrylamide Gel Electrophoresis (SDS-
PAGE)
	 Lectin purity and molecular weight were 
analyzed by SDS-PAGE following Laemmli’s 
discontinuous buffer system.20 A 4% stacking gel 
and a 10% resolving gel were made. Each well 
contained about 20 µg of protein. Electrophoresis 
was carried out at 100 V for resolving and 70 V 
for stacking. 0.1% Coomassie Brilliant Blue R-250 
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(50% methanol, 10% acetic acid) was used to stain 
the gels, and they were destained until a distinct 
band resolution was achieved. For calibration, pre-
stained molecular weight markers (20–140 kDa) 
were employed. The Bio-Rad Protocol Bulletin 
6210 was used to calculate approximate molecular 
weights.
Analysis of statistics
	 Excel Office-2019 was used to perform 
the statistical analysis. A statistically significant 
p-value was defined as < 0.05. Every experiment 
was conducted in triplicate, and the mean ± 
standard deviation (SD) is used to express the 
results. The SD is shown by error bars in the graphs.

Results

Sample colection
	 Figure 1 shows collection of seeds sample 
Trigonella foenum graecum, from Dharwad 
was selected for screening due to its traditional 
medicinal relevance and limited prior research 
on its seed’s proteins. Preliminary assays showed 

strong hemagglutination activity against all blood 
groups, making the seed extract a suitable candidate 
for further lectin characterization.
Agglutination Assay
	 Trigonella foenum graecum exhibited 
agglutination with all tested erythrocytes and 
showed no strict discrimination among blood 
groups. As shown in Table 1, the hemagglutination 
was observed with all erythrocytes. In Fig. 2, A, B, 
O group erythrocytes formed characteristic carpet 
patterns up to dilutions of 5 each beyond these 
points, button formations appeared, indicating the 
loss of agglutination. Although Trigonella foenum 
graecum did not exhibit absolute blood group 
specificity, it demonstrated affinity, with the titre 
observed against Blood group all erythrocytes 
(1:32). Based on these findings, all group 
erythrocytes were used for all subsequent analyses, 
as they provided maximum hemagglutination 
activity. Protein estimation of the dialyzed extract 
using the lowry method revealed a total protein 
concentration of 15 mg/mL Table 2.
Sugar specificity assay 
	 To evaluate the carbohydrate-binding 
preference of the lectin, a sugar inhibition assay 
was performed using a panel of carbohydrates 
(Table 3). Among all the tested carbohydrates, only 
mannose was able to inhibit hemagglutination, 
with a minimum inhibitory concentration (MIC) 
of 400 mM. None of the other monosaccharides or 
disaccharides produced any detectable inhibition. 
These findings indicate that the lectin exhibits 

Fig. 1. Collection of seed samples and initial steps involved in lectin extraction from Trigonella foenum graecum 
(a) Collect of fresh dried seed sample of Trigonella foenum graecum (b) weighing of seeds sample & extraction 

of lectin from seed sample

Table 1. Agglutination study of lectins of 
Trigonella foenum graecum seeds with human 

erythrocytes

Sl. No	 Erythrocytes	 Agglutination

1	 A	 ++
2	 B	 ++
3	 O	 ++
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Fig. 2. Hemagglutination activity of Trigonella foenum graecum  lectin with different human blood group 
erythrocytes.   

Table 2. Trigonella foenum graecum  Protein concentration

	 Protein 	 HAU/ml	 HAU/ml	 HAU/ml	 SA	 SA	 SA
	 (mg/ml-1)	 (A)	 (B)	 (O)	 (A)	 (B)	 (O)

Dialysed 	 15	 1:32	 1:32	 1:32	 2.13	 2.13	 2.13
extract

Note: HAU-Hemagglutination Unit, SA-Specific activity. 

a strong affinity for simple sugars, particularly 
mannose, while showing no recognition of more 
complex carbohydrates. This monosaccharide 
specificity may also contribute to its selective 
interaction with certain human blood groups.
Temperature & pH Effect
	 Lectin was extracted in a variety of 
buffers with pH values ranging from 1 to 14 to 
determine the ideal pH for lectin activity. Up 
to a pH of 6 to 8, the hemagglutination activity 
remained stable. However, when the pH dropped 
below 6, activity gradually decreased. As shown 
in Fig. 3 (a), agglutination activity was lost below 
pH 6 and above pH 8. The hemagglutination 
activity was measured after lectin was extracted 
and incubated at various temperatures ranging 
from 10 to 100oC for an hour to assess the stability 
of lectin activity at various temperatures. Lectin 
from T. foenum-graecum seeds exhibits 100% 
agglutination between temperatures ranging from 
50 to 70ºC when tested after being heated for one 
hour at temperatures above 70ºC, as shown in 
Fig. 3 (b). The activity was constant at 50ºC, but 
as the temperature rose, it declined and eventually 

stopped above 80ºC. The results showed that lectin 
was stable for a considerable amount of time, but 
following heating to 90ºC, lectin activity was 
eliminated. At room temperature, unheated lectin, 
however, continued to be active for a few days. 
The inhibition of the extract’s proteases could 
be the cause of this. Additionally, lectin activity 
remained constant at room temperature for at least 
seven days.
Gel Electrophoresis 
	 SDS–polyacrylamide gel electrophoresis 
was employed to analyze the protein composition 
of both the crude extract and the ammonium 
sulphate precipitated fractions to assess the degree 
of purification. As shown in Figure 4, the protein 
profile of the 30–60% ammonium sulphate fraction 
(Lane 3) exhibited a substantial reduction in the 
number of detectable bands when compared with 
the crude sample (Lane 1), indicating effective 
partial purification. Notably, a consistent protein 
band with an approximate molecular mass of 28 
kDa was present across all fractions analyzed. This 
recurring band is likely associated with the lectin 
protein.
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Table 3. Sugar Inhibition activity against T. 
foenum graecum lectin

S. 	 Sugar	 The lowest concentration 
No		  needed to prevent 
		  hemagglutination (mM)

1	 Fructose	 No 
2	 Sucrose	 No 
3	 Maltose	 No 
4	 Lactose	 No 
5	 Mannose	 Inhibition (400mM)

Fig. 3(a). Impact of pH on Trigonella foenum-graecum seed Lectin Agglutination Activity

Fig. 3(b). Impact of Temperature on T. foenum-graecum seed Lectin Agglutination Activity

Discussion

	 The current work reports the isolation and 
partial characterization of a lectin from Trigonella 
foenum-graecum seeds, with particular emphasis 
on hemagglutination activity, carbohydrate 
specificity, and physicochemical stability. The 
observed biochemical properties are consistent 
with those reported for several legume lectins, 
reinforcing the classification of the isolated protein 
as a typical leguminous lectin.
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Fig. 4. SDS-PAGE revealed common protein bands in the Lane 1 extract of crude, in the Lane 2 its 30% and in 
Lane 3 its 30–60% ammonium sulphate fractions, with Mol. Wt ranging from approximately 28–30 kDa.

	 The lectin showed high hemagglutination 
activity against human erythrocytes from blood 
groups A, B, and O, with no stringent blood-group 
specificity. Similar broad erythrocyte agglutination 
has been observed for lectins isolated from various 
leguminous plants, including Vigna mungo, 
Tamarindus indica, and Oryza sativa. These 
lectins detect conserved carbohydrate determinants 
on erythrocyte membranes rather than ABO-
specific antigens.21,22 The lectin may interact with 
common glycan structures, such as mannose-rich 
oligosaccharides found on erythrocyte surface 
glycoproteins, according to this non-selective 
agglutination.
	 The lectin’s ability to bind mannose 
was confirmed by sugar inhibition experiments, 
which showed that mannose selectively inhibited 
hemagglutination. Many legume lectins have 
mannose specificity, which has been linked to 
their functions in symbiosis, plant defence, and 
the identification of microbial glycoconjugates.23. 
The validity of the current findings is supported 
by reports of similar mannose-specific inhibitory 
patterns for lectins from fenugreek seeds and 
other Fabaceae members..24 Another possibility is 

that the lectin identifies low-affinity structurally 
similar sugars that were not found in the experiment 
conditions. Nonetheless, a major mannose 
specificity is strongly supported by the lack of 
inhibition by other studied carbs, even at greater 
doses.
	 The lectin demonstrated excellent 
hemagglutination activity in the pH range of 6-8 
and retained activity at 70 °C, showing significant 
physicochemical stability. Several plant lectins 
have been shown to be stable, which is commonly 
attributed to their compact tertiary structure and 
substantial hydrogen bonding within carbohydrate-
binding domains.25,26 The decrease of activity at 
extreme pH values and higher temperatures could 
be due to conformational alterations or partial 
denaturation that affects the carbohydrate-binding 
site integrity. An alternate explanation for thermal 
stability could be oligomeric subunit association, 
which has been shown to improve resistance to 
heat-induced unfolding in legume lectin27

	 SDS-PAGE examination revealed a 
prominent protein band of around 28-30 kDa, 
which is consistent with the molecular mass range 
described for bean lectins.28 Mannose-specific 
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lectins from Trigonella foenum-graecum and 
other leguminous species have been found to have 
comparable molecular weights.29 The existence of a 
continuous band across partially purified fractions 
indicates lectin protein enrichment; nevertheless, 
isolectins or closely related lectin variants with 
similar molecular weights may coexist in the 
preparation. To rule out this option, further 
purification and mass spectrometric analysis are 
required.
	 From a functional perspective, the 
biochemical properties reported in this study 
suggest prospective applications of the fenugreek 
seed lectin in glycobiology and medicinal research. 
In cancer treatment, such as lectin-assisted 
photodynamic therapy, mannose-specific lectins 
have been investigated as targeting molecules, 
antibacterial agents, and diagnostic tools..30 
However, it is now unable to rule out other 
theories on biological activity, such as indirect 
hemagglutination mediated by non-lectin proteins 
or the synergistic effects of small pollutants. 
Confirming the lectin’s inherent biological 
functions will require sophisticated purification 
and functional testing.
	 Overall, the present findings are in strong 
agreement with previously reported studies on 
legume lectins and extend existing knowledge 
by providing additional data on lectins from T. 
foenum-graecum. The study lays a foundation 
for future investigations involving complete 
purification, structural elucidation, and evaluation 
of biological activities, which will further clarify 
the functional significance and application potential 
of this lectin.	

Conclusion

	 This study effectively isolated and 
partially described a sugar-specific lectin from 
Trigonella foenum-graecum seeds. The lectin 
showed strong hemagglutination activity for 
human erythrocytes A, B, and O, indicating general 
erythrocyte identification rather than strict blood-
group specificity. Sugar inhibition assays confirmed 
that the lectin is mannose-specific, demonstrating 
its capacity to bind carbohydrates selectively. 
According to physicochemical characterization, the 
lectin is stable over a wide pH range, with optimal 

activity at neutral pH. It also retains functional 
integrity at moderately high temperatures, losing 
activity only at higher thermal settings. A molecular 
mass of roughly 28–30 kDa was found by SDS-
PAGE analysis, which is in line with the typical 
subunit size of legume lectins. Reduced protein 
heterogeneity indicates that the lectin fraction was 
enriched after partial purification using ammonium 
sulfate precipitation. All these results point to 
T. foenum-graecum seeds as a rich source of a 
stable, mannose-specific lectin with characteristics 
common to legume lectins. This lectin’s robust 
hemagglutination activity and biochemical 
stability point to its possible use in glycobiological 
studies and diagnostic procedures. To investigate 
its potential biomedical and biotechnological 
significance, more research comprising thorough 
purification, structural clarification, and biological 
activity assessment is necessary.
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