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Abstract
Lectin (TfgL) was purified from the seeds of Trigonella foenum-graecum (Fenugreek) belonging to fabaceae family by ammo-
nium sulphate precipitation, ion exchange and followed by size exclusion chromatography. SDS–PAGE analysis revealed that 
TfgL molecular weight is approximately 27 kDa. 2D-PAGE reveals the existence of two isolectins (pI values of 6.3 and 6.7) 
with acidic nature and charge heterogeneity. The MALDI-TOF–MS and peptide mass fingerprinting investigation of TfgL 
showed sequence similarity with a lectin. The hemagglutinating activity of TfgL was stable in broad range of temperature 
37–90 °C and at varied pHs 3, 7.6 and 10. Far-UV circular dichroism measurements showed that TfgL is mostly composed 
of α-helix (84.5%), β-sheet (6.5%), β-turns (5%) and unordered structures (4%). TfgL showed conformational stability in 
wide range of temperatures (20‒90 °C) and pHs (3, 7.6 and 10) but lost its secondary structure in the presence of 6 M 
Gdn.HCl. Quenching titrations were carried out with acrylamide and iodide quenchers in order to investigate the exposure 
and accessibility of the protein tryptophan residues. Maximum quenching observed with acrylamide compared to iodide 
revealed that the Trp residues of TfgL are buried in the protein core, which is hydrophobic in nature. TfgL showed binding 
affinity towards porphyrin, the association constant (Ka), for MnTSPP and MnTMPyP was calculated to be 1.2 × 106 M‒1 
and 3.45 × 106 M‒1, respectively.
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Abbreviations
TfgL	� Trigonella foenum-graecum lectin
2D-PAGE	� Two-dimensional gel electrophoresis
MALDI-TOF–MS	� Matrix assisted laser desorption 

ionization-time of flight mass 
spectrometry

Gdn.HCl	� Guanidine hydrochloride
CD	� Circular dichroism

MnTSPP	� 5,10,15,20-Tetrakis(4-
sulfonatophenyl)-21H,23H-porphine 
manganese(III) chloride

MnTMPyP	� Manganese(III) 5,10,15,20-tetra(4-
pyridyl)-21H,23H-porphine chloride 
tetrakis (methochloride)

Introduction

Lectins are all over distributed in nature. They have been iso-
lated from different kinds of species including viruses, bacte-
ria, fungi, animals and plants (Mishra et al. 2019). In plants, 
the majority of lectins have been isolated from the seeds, 
where they accumulate in the process of maturation and vanish 
upon germination. In addition to seeds, lectins have also been 
found in nearly all types of tissue of plants. The plant lectins 
are very well known for binding properties towards carbohy-
drate and macromolecules (Lagarda-Diaz et al. 2017). Plant 
lectins have been classified into seven different families based 
on the sequence and structural motifs (Tsaneva and Damme 
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2020). Among them four families, namely the legume lectins, 
lectins containing hevein domains, monocot mannose bind-
ing lectins and type 2 ribosome inactivating proteins comprise 
abundant number of lectins, and are considered to be large 
families. Legume lectins showing sequence homology displays 
an unusual interspecies variability of sugar target selection. 
The members of lectin family proteins may consist of two or 
four subunits, either slightly identical or different, each with a 
single, small carbohydrate binding site with the same specific-
ity (Sitohy et al. 2007).

Lectins can work as defensive components against the 
attack by fungus, bacteria, and insects as well as other preda-
tors (Silva et al. 2019). The hemagglutination activities are 
demonstrated by more or less all the lectins and are frequently 
found to be efficient antitumor, anti-HIV, natural immune 
modulators and also influence human lymphocytes prolifera-
tion (Mishra et al. 2019).

Porphyrins are used in photo dynamic therapy (PDT) as 
photosensitizers for the treatment of cancer (Kou et al. 2017), 
however, porphyrins selectivity towards tumor cells is nor-
mally insufficient to make sure their selective killing by the 
photodynamic action (Liang et al. 2020). In view of the identi-
fied capability that certain lectins can bind to tumor cells pref-
erentially, it comes into view that lectins could work as specific 
targeting agents for porphyrin in PDT. Because of these impor-
tant biological functions, in the recent years researchers have 
been paying attention on the purification and characterization 
of variety of lectins from a large number of sources.

Trigonella foenum-graecum (Fenugreek) is an annual 
herb belonging to legume family. The seeds are reported 
to have digestive stimulant action; control diabetic condi-
tions and plasma cholesterol level, antioxidant properties 
and hepatoprotective effect (Srinivasan 2006).

The aim of present study is to purify and characterize 
lectin from Trigonella foenum-graecum (fenugreek) seeds, 
named as TfgL. The purification technique of TfgL is rela-
tively simple, has the capacity to generate useful informa-
tion quickly, safely, economically, and reproducibly. In this 
study TfgL hemagglutination activity and secondary struc-
ture stability towards temperature, pH and Gdn.HCl has 
been investigated. We have also examined the tryptophan 
exposure and environment in TfgL. The results revealed that 
the Trp residues are somewhat buried in native TfgL. We 
furthermore investigated porphyrin binding ability to TfgL 
for the application in PDT.

Materials and methods

Materials

Seeds of fenugreek were collected locally. Chromatographic 
and 2D-PAGE reagents were obtained from GE Healthcare. 

Molecular weight markers were purchased from Fermen-
tas. Stirred Ultrafiltration Cell and 3 kDa cutoff membranes 
were obtained from Millipore, India. 5,10,15,20-Tetrakis(4-
sulfonatophenyl)-21H,23H-porphine manganese(III) chlo-
ride (MnTSPP) and Manganese(III) 5,10,15,20-tetra(4-
pyridyl)-21H,23H-porphine chloride tetrakis (methochloride) 
(MnTMPyP) were purchased from Sigma-Aldrich. All other 
chemicals were purchased from Sigma-Aldrich of HPLC or 
analytical grade.

Isolation and purification of T. foenum‑graecum 
lectin (TfgL)

30 g of T. foenum-graecum seeds free of seed coat were ground 
and removed fat by washing with hexane for 1 h, followed by 
four parts (w/v) of 1:2 ratio EtOH + CHCl3 for 30 min. This 
defatted flour was then extracted by using 1:10 (w/v) extrac-
tion buffer (25 mM sodium phosphate buffer, pH 6.5, 50 mM 
NaCl, 4 mM EDTA, 0.01% azide) at 4 ºC for 36 h. Homoge-
nate was filtered by using muslin cloth then the filtrate was 
centrifuged at 12,000 rpm for 20 min at 4 ºC. The supernatant 
was named as crude extract (CE). This crude extract sample 
was first fractionated by ammonium sulfate precipitation, in 
which the crude extract was treated with (NH4)2SO4 to 60% 
saturation. Following centrifugation at 12,000 rpm at 4 ºC 
for 30 min, the supernatant was discarded while the pellet 
dissolved in 20 mM phosphate buffer, pH 7.6 was then dia-
lyzed against the same buffer with numerous changes at 4 ºC 
in 3.5 kDa cutoff membrane (Spectra/Por6), then applied on 
XK16/20 column of DEAE-Sepharose using FPLC-AKTA 
Prime Plus system, earlier equilibrated with the equilibration 
buffer 20 mM phosphate buffer, pH 7.6. Subsequent to elution 
of unabsorbed proteins from column, absorbed proteins were 
eluted with linear gradient of 1 M NaCl in the identical buffer 
at a steady flow of 30 ml/hour. The absorbance of protein was 
observed at 280 nm. The unabsorbed fraction (D2) demon-
strating hemagglutination activity was pooled, dialyzed against 
20 mM sodium phosphate buffer, pH 7.6 at 4 °C and con-
centrated by Stirred Ultrafiltration Cell using the membrane 
with pore size of 3 kDa. This fraction was then applied to size 
exclusion chromatography on XK 16/100 column of Sephadex 
G-50 pre-equilibrated with 20 mM sodium phosphate buffer, 
pH 7.6. Fractions (3 ml) from the protein peaks were collected 
at a constant flow of 0.3 ml/min. The fractions (P4) showing 
hemagglutination activity were pooled and dialyzed against 
20 mM phosphate buffer, pH 7.6 with several changes and 
further used for assays.

Protein quantification, SDS‑PAGE 
and two‑dimensional electrophoresis (2D‑PAGE)

SDS–PAGE and native-PAGE (15%T, 4%C) was car-
ried out by using the Laemmli method (Laemmli 1970). 
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Visualization of protein bands were done by either 0.1% of 
Coomassie Brilliant Blue R-250 (CBBR) method or silver 
staining method (Blum et al. 1987). For the identification 
of pI value and number of isoforms, purified TfgL was first 
separated by isoelectric focusing in the Ettan IPGphor 3 
system with 3–10 pH IPG strips (GE Healthcare) accord-
ing to the method as previously described (Oddepally and 
Guruprasad 2015). The rehydration buffer consist of 2 M 
thiourea, 7 M urea, 1 M DTT, 4% (w/v) 3-[3-cholamidopro-
plyl (dimethylammonio)]- 1-propanesul- phonate (CHAPS), 
1% bromophenol blue and 0.05% (v/v) IPG buffer 3–10 (GE 
Healthcare) and the IEF conditions were 300 V for 40 min, 
followed by gradient to 1000  V in 27  min, gradient to 
5000 V in 80 min and 5000 V for 15 min at 20 ºC. The IPG 
strips were equilibrated for 15 min in a buffer solution con-
taining 1 M Tris–HCl pH 8.8, 6 M urea, 30% (v/ v) glycerol 
and 2% (w/v) SDS. The second dimension was performed 
on polyacrylamide gels of 15% T and 4% C (Laemmli 1970).

Proteomic analysis: in‑gel digestion 
and MALDI‑TOF–MS analysis

In-gel digestion and matrix assisted laser desorption/ioniza-
tion time of flight mass spectrometric (MALDI-TOF–MS) 
study was carried out with a MALDI-TOF/TOF mass spec-
trometer (Bruker Autoflex III smartbeam, Bruker Daltonics, 
Bremen, Germany) according to the process as described in 
our previous work (Oddepally et al. 2013). For data analysis, 
flex analysis software was utilized.

Protein classification: peptide mass fingerprinting 
analysis

Protein recognition was carried out by database searches, 
with MASCOT program (http://​www.​matri​xscie​nce.​com) 
using Biotools software of Bruker Daltonics. The identi-
fication search for mass values was done by using existing 
digests values and sequence similarity from SwissProt and 
NCBInr database, and the category of taxonomy was set to 
Viridiplantae (green plants). The further search parameters 
were: fixed modification is carbamidomethyl (C), oxidation 
(M) as variable modification, trypsin as enzyme, peptide 
charge of + 1, monoisotropic and missed cleavage as -1. 
According to database searches by the MASCOT probabil-
ity study (P < 0.05), only important hits were accepted for 
protein identification.

Hemagglutination assay

In hemagglutinating activity assay, a sequential two-fold 
dilution of the TfgL solution in microtiter U-plates (100 μl) 
was mixed with 4% suspension 100 μl of human RBCs in 
phosphate-buffered saline, pH 7.6 at 20 °C. The results were 

measured after about 1 h when the blank had completely 
sedimented. The hemagglutination titer is described as the 
minimum quantity of protein (mg/ml) that may stimulate vis-
ible erythrocyte agglutination and described as one hemag-
glutinating unit (HU). Specific activity was calculated as the 
number of hemagglutinating units per mg protein (Cavada 
et al. 2020).

The thermal stability of TfgL (1 mg/ml) was measured by 
incubation in the assay buffer (20 mM phosphate buffer, pH 
7.6) at broad range of temperatures (37–100 °C) for 30 min. 
Subsequent to incubation, all the samples were kept on ice 
for 15 min prior to testing for remaining hemagglutination 
activity. Residual hemagglutination activity was analyzed 
in assay buffer, as described above. The pH effect on TfgL 
stability was estimated by studying the remaining activity 
after treatment at pHs 3, 7.6 and 10 at 25 °C for 30 min. 
Buffers used included Mcllvaine buffer (0.2 M Na-phosphate 
and 0.1 M Na-citrate) for pH 3.0 and 0.1 M glycine–NaOH 
for pH 10. All measurements were conducted in triplicate 
and yielded reproducible outcome.

CD spectroscopy

Circular dichroism measurements were carried out on a 
Jasco J- 810 spectropolarimeter, operational with a peltier-
type temperature regulator at 25 ºC and a cell holder of 
thermostated, interfaced with a thermostatic tub. Far-UV 
(200–240 nm) CD spectra were measured in quartz cell 
of 1 cm path length at 0.8 mg/ml protein concentration in 
50 mM sodium phosphate buffer, pH 7.0. Every CD spec-
trum was the average of three scans at 50 nm/min speed 
with 1 nm slit width, 1 s time response and 0.5 nm of data 
pitch. All samples were centrifuged prior to use and the clear 
supernatant was used for the studies. CD spectra were back-
ground corrected and scaled in molar ellipticity. The sec-
ondary structure investigation was carried out using CDNN 
software.

The effect of temperature on conformational stability of 
TfgL was investigated by recording CD spectra at tempera-
tures in the wide range from 20 to 90 °C. The effect of pH 
on stability of TfgL was also evaluated by recording CD 
spectra at pHs 3, 7.6 and 10. Unfolding studies of TfgL were 
performed after treated with Gdn.HCl in different concentra-
tions (0‒4 M) overnight prior to the experiment. Refolding 
studies of chemically denatured TfgL with 6 M Gdn.HCl 
were carried out by dilution with 20 mM phosphate buffer, 
pH 7.6 to different concentrations and incubated overnight 
prior to the experiment.

Fluorescence spectroscopy

All fluorescence measurements were done by Fluoromax-4 
spectrofluorimeter. A slit width of 1 nm was usually used 
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for the excitation and emission monochromators. The emis-
sion spectra of the protein solutions (in 10 mM phosphate 
buffer, pH 7.0) were measured in the region of 310‒440 nm 
at 25 °C showing an absorbance less than 0.1 at 280 nm after 
exciting at 295 nm. The temperature of the cell was main-
tained at 25 °C by thermostat. The sample reaction mixtures 
devoid of protein were utilized to the base line rectification. 
All samples were centrifuged before use and the clear super-
natant was used for experiments.

Fluorescence intensity was measured with progressive 
addition of small aliquots of 5 M quencher stocks (acryla-
mide or potassium iodide) each time after 2 min period 
(allowing for equilibration). The final quencher concentra-
tion achieved in each case was 0.6 M. The potassium iodide 
stock solution had 0.2 mM sodium thiosulphate to avoid the 
formation of triiodide (I3

−). Reaction mixtures without TfgL 
were used to correct the base line. Before using, all samples 
were centrifuged and the clear supernatant was used for the 
studies.

The quenching data was analysed by using Stern‒Vol-
mer Eq. (1) as well as by using the modified Stern‒Volmer 
Eq. (2).

Where Fo and Fc are the respective fluorescence intensi-
ties, in the absence and presence of quencher, after corrected 
for dilution, correspondingly. [Q] is the quencher concentra-
tion, Ksv is the Stern‒Volmer constant for given quencher, 
fa refers to the part of the total fluorescence that is avail-
able to the quencher and Ka is the corresponding quenching 
constant.

Porphyrin binding studies

Porphyrin binding to TfgL was examined by the absorp-
tion titration method, which is described previously for 
Momordica charantia lectin, MCL (Sultan et al. 2004a, b). 
All titrations were carried out in 20 mM sodium phosphate 
buffer, pH 7.4. Porphyrin samples (2 µM) (A) MnTSPP, (B) 
MnTMPyP were titrated by addition of small aliquots of 
the TfgL. The same volume of the protein was added to the 
reference cell, to correct protein contribution to the absorb-
ance. UV-Vis spectra were recorded after an equilibration 
interval of 2 min subsequent to each addition. The spectra 
were multiplied by a suitable factor to correct the dilution 
effect in the intensities resulting by the addition of protein. 
A plot of (A0/ΔA) vs (1/ [P]t), where A0 is the absorbance of 
the sample in the absence of protein and ΔA is the change 
in absorption intensity at the total protein concentration, 
[P]t, showed a straight line (Fig. 7C, D). From the ordinate 

(1)Fo∕Fc = 1 + Ksv[Q]

(2)Fo∕ΔF =
(

fa
)−1

+
(

Ka fa
)−1

[Q]−1

intercept of this plot, A∞, the sample absorbance at infinite 
protein concentration was obtained. From this analysis, the 
association constant, Ka, characterizing the porphyrin–TfgL 
interaction is determined according to Eq. (3).

Where [P]f is the free protein concentration, is given by.

From the Eq. (3) the X-intercept of a plot of log [ΔA0 /(Ac 
‒ A∞)] vs. log[P]f will yield pKa for the lectin– porphyrin 
association.

Statistical analysis

The quantification of protein yield during various purifi-
cation stages, activity assays and their dependence on pH, 
temperature and salt concentration were carried out in trip-
licate. The statistical evaluation of the obtained data was 
undertaken by one-way Analysis of variance (ANOVA) 
followed by Bonferroni’s test for multiple comparisons by 
using Origin version 7 software. The probability (P = value) 
P ≤ 0.05 was considered statistically significant. The mean 
and standard deviations were reported.

Results and discussion

Isolation and purification of TfgL

In present study, the lectin (TfgL) was purified from the 
seeds of Trigonella foenum-graecum (Fenugreek) by ammo-
nium sulfate precipitation, anion-exchange, and size exclu-
sion chromatography. Hemagglutination assays showed that 
crude extracts of Fenugreek seeds contain a lectin activity. 
By this observation, we designed a purification procedure 
in the present study which is simpler and well-organized 
for separating lectins by the fractionation of crude extract 
with 60% ammonium sulfate precipitation increased specific 
activity to 138.97 from 54.98 HU/mg. This ammonium sul-
fate precipitated soluble protein fraction was again fraction-
ated on an anion exchange column (DEAE-sepharose) which 
was pre-equilibrated with 20 mM phosphate buffer, pH 7.6. 
Under these conditions, the majority of the proteins were 
eluted in the equilibration buffer in between 20–40 ml (peak 
D1). The fractions (peak D2) eluted at 80 ml of equilibration 
buffer showed specific activity 658.15 HU/mg (Fig. 1A). 
Peak D2 fractions were pooled and further fractionated 
by size exclusion chromatography on Sephadex G-50 into 
different peaks (Fig. 1B). Hemagglutination activity was 
detected highest (Specific activity 780.64 HU/mg) in the 

(3)log
[

ΔA0∕
(

Ac − A∞

)]

= logKa + log[P]f

(4)[P]f = [P]t − {
(

ΔA∕ΔA∞

)

[L]t
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fraction P4. This specific activity is better than some other 
purified lectins (Li et al. 2012; Rego et al. 2002). The yield 
of TfgL is 25.3 mg from 30 g seeds. The purified TfgL rep-
resented a 14.2-fold increase in hemagglutinating activity 
over the crude extract, with overall activity and recovery 
of the protein approximately 19.1 and 1.35%, correspond-
ingly (Table 1). The TfgL showed specific activity 780.64 
HU per mg.

Molecular mass and pI determination

The molecular mass of purified TfgL was measured by 
SDS-PAGE (Fig. 2A), which revealed a molecular weight 
of 27 kDa. The isoelectric point (pI) of the TfgL was deter-
mined as 6.3 and 6.7, based on the linear pH range 3–10 
of isoelectric focusing performed by two-dimensional 

electrophoresis shown in Fig. 2B. These results reveal that 
the presence of two isolectins and suggests charge heteroge-
neity between the subunits. The acidic pIs may be attributed 
to the acidic nature of TfgL. These results resemble with the 
previously reported lectins (Konozy 2003).

MALDI‑TOF‑MS analysis

The peptide mass fingerprinting (PMF) of the 1-D SDS-
PAGE gel bands of purified TfgL was obtained by MALDI-
TOF–MS using α-cyano-4-hydroxycinnamic acid as matrix. 
The MALDI-TOF–MS spectrum was generated from in-gel 
trypsin digestion and is displayed in Fig. 3. The PMF peaks 
of TfgL are summarized in Table 2, after excluding the 
control spectrum produced by trypsin autolysis products. 
In addition, analyses by the MASCOT search program in 

Fig. 1   FPLC elution profiles for the fenugreek seed extracts. Ammo-
nium sulfate precipitate was fractionated by ion exchange on DEAE-
Sepharose (A) from where The unabsorbed fraction (D2) demonstrat-

ing hemagglutination activity was then separated by gel filtration on 
Sephadex G-50 (B)

Table 1   Summary for purification procedure of TfgL from 30 g of dried fenugreek seeds

a Minimal concentration of protein able to cause visible agglutination of 4% (v/v) suspension of human erythrocytes
b Specific activity = Total activity/total protein
c Recovery = (Total activity of the fraction/total activity of crude extract) × 100%
d Yield = (Total protein of the fraction/total protein of crude extract) × 100%
e Purification fold = Specific activity of the fraction/specific activity of crude extract

Stage Total protein (mg) Total activity a Specific activ-
ity (HU/mg)b

Recovery (%)c Yield (%)d Purification folde

crude extract 1880.4 103400.4 54.98 100 100.00 1.00
Ammonium sulphate precipitate 620.1 86180.8 138.97 83.34 32.97 2.53
Ion exchange chromatography 52.8 34750.1 658.15 33.61 2.81 11.97
Gel filtration chromatography 25.3 19750.3 780.64 19.1 1.35 14.2
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NCBInr database revealed that the sequence is homologous 
with lectin. The observed monoisotopic mass of trypti-
cally digested peptides obtained by MALDI-TOF–MS, their 
matched peptides sequence are presented in the Table 3. 

Hemagglutination activity of TfgL

The hemagglutination activity of TfgL was stable in the 
temperature range 37–90 °C and at pH values 3, 7.6 and 10 
(Fig. 4). The purified TfgL retained its activity greater than 
95% up to 90 °C and also stable towards broad range of pHs 
but activity loss was greater at lower pH 3 than compared 
with higher pH 10. In contrast to other plant lectins reported 
in literature, TfgL was found to be relatively stable. The 
hemagglutination activity of black turtle bean lectin (He 
et al. 2014) and Zihua Snap Bean lectin (Jiang et al. 2019) 
were stable at temperatures up to 70 °C, and is reduced to 
half at 80 °C but haricot bean agglutinin is stable at tem-
peratures up to 40 °C and is totally abolished at 80 °C. TfgL 
showed sensitivity towards acidic pH. This lectin activity 
remained almost unaffected from pH 4 to pH 10. On the 
other hand, it activity decreases at pH values below pH 4. 
This is resembles with EspecL, which is isolated from Eryth-
rina speciosa seeds and the lectin of P. filicina were acidic 
pH sensitive (Sampaio et al 1998). But this is in contrast 
with the Phaseolus vulgaris L lectin, showed extremely sta-
ble in the acidic pH range of 2–7.5 (Sun et al. 2020).

Structural analysis of TfgL

Figure 5A displays the far‒UV CD curve for the native state 
of TfgL with minima, at 222 nm, which is characteristic 

of α-helical proteins. The Table 4 shows the different parts 
of secondary structure elements for this protein at differ-
ent conditions. The values obtained for the various types of 
secondary structures are: α-helix (84.5%), β-sheet (6.5%), 
β-turns (5%) and unordered structures (4%) performed using 
CDNN software. The high α-helical content in the second-
ary structure of TfgL is very atypical for a legume lectin. 
The legume lectins identified so far contain predominantly 
β-sheet structure and have negligible or no α-helical content 
(Sultan et al. 2004a, b) but TfgL protein shows resemblance 
with the lectin DLL-II isolated from Dolichos lablab seeds 
which contains predominantly α-helical structure (Sultan 
et al. 2006).

CD studies at increasing temperature reveals that the 
backbone protein folding with no considerable change in 
CD spectra up to 90 °C demonstrated the thermostability of 
TfgL structure (Fig. 5A). The effect of pH studies showed 
that structure of TfgL does not alter over a wide range of pH, 
even though some loss was observed at acidic pH 3 which 
correlates with hemagglutination activity (Fig. 5B).

Gdn-HCl, which is a strong chemical denaturant, was uti-
lized to examine whether this compound could have effect 
on secondary structure of TfgL(Fig. 5C). The stability of 
TfgL is reflected by the low level of structure disruption 
showed at 1.5 M Gdn-HCl. At 1.5‒3.5 M Gdn-HCl con-
centrations, a significant reduction of the normal confor-
mations takes place revealing that TfgL does not conserve 
its structure at these denaturant concentrations. Native to 
unfolded state transition takes place between 1.5 to 3.5 M 
concentration of Gdn-HCl, with the midpoint of transi-
tion (Tm) being approximately 2.5 M Gdn-HCl. At 4.0 M 
Gdn-HCl, the protein lost 54% of secondary structure and 

Fig. 2   A SDS–PAGE profile of 
TfgL: Lane 1. Molecular mass 
markers, lane 2. Purified TfgL. 
B Two-dimensional gel electro-
phoresis map of purified TfgL. 
In this case IEF was performed 
on linear pH 3‒10 IPG strips
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wholly unfolded at 6.0 M Gdn-HCl. In order to investigate 
the reversibility of chemical unfolding of TfgL, samples of 
the protein pre-incubated with 6 M Gdn.HCl were diluted 
to different concentrations by dialysis, then the changes in 
the CD spectra properties were measured (Data were not 
shown). The results indicated that complete chemical dena-
turation of TfgL shows irreversible process. The different 
components of secondary structure elements for this protein 
at different conditions showed that α-helical content was 
retained in all extreme conditions but in presence of denatur-
ant like Gdn.HCl this α-helical structure changes to Random 
coil and β-turn.

Fluorescence spectra of TfgL in the presence of dif-
ferent quenchers in various concentrations revealed that 
there is a progressive reduction in the emission intensity 
upon raising the concentration of the quenchers. Addition 
of iodide ion (I‒) (charged) quencher showed much lower 
quenching in contrast to acrylamide (neutral quenchers). 
The degree of quenching achieved in each case, at a result-
ant quencher concentration of 0.6 M is shown in Table 5. 
The fluorescence emission properties of tryptophan (indole 
side-chain residue) in proteins are extremely responsive to 

Fig. 3   MALDI-TOF–MS spec-
tra (peptide mass fingerprints) 
of peptides generated from 
tryptically digested TfgL

Table 2   MALDI-TOF–MS peaks of tryptically digested TfgLafter 
excluding the trypsin autolysis products from the control spectrum for 
MASCOT database search

S. No m/z SN S. No m/z SN

1 800.448 6.8 15 1555.707 9.7
2 804.257 6.0 16 1773.744 29.3
3 832.323 8.8 17 1791.747 186.6
4 917.492 21.6 18 1845.856 9.6
5 947.490 119.4 19 2070.192 6.7
6 1013.512 301.8 20 2253.812 15.5
7 1064.558 80.3 21 2268.009 45.1
8 1070.542 6.3 22 2269.837 12.1
9 1109.639 12.4 23 2315.992 8.8
10 1141.604 16.9 24 2400.852 15.7
11 1287.673 14.9 25 2415.044 43.8
12 1408.699 8.1 26 2571.086 188.5
13 1486.688 52.7 27 2628.002 7.5
14 1514.735 59.2 28 3310.395 65.0



348	 Journal of Plant Biochemistry and Biotechnology (July–September 2024) 33(3):341–352

Table 3   Summary of matched 
peptides of TfgL analyzed by 
MALDI-TOF–MS data

According to the MASCOT probability analysis (P < 0.05)
a Monoisotopic mass

Fragment location Massa (expt) Mass (calc) Observed mass Resulting peptide

227–234 1012.5044 1012.5342 1013.5116 K.DIVPEWVR.I
235–251 1790.7401 1790.8587 1791.7474 R.IGFSAATGAEFAEHDIR.Y

A B

Fig. 4   Stability of TfgL. A Temperature stability of TfgL after incu-
bation for 15 min at pH 7.6 in the range of 37–90 °C. B pH stability 
of TfgL at pHs 3, 7.6 and 10 after incubation for 30 min at 25 °C. Bar 

indicates standard deviation from triplicate determination. P ≤ 0.05 
was considered statistically significant

Fig. 5   A Effect of temperature wide range 20 to 90  °C length at 
0.8 mg/ml protein concentration in 50 mM sodium phosphate buffer, 
pH 7.0, B effect of pH 3, 7.6 and 10and C effect of different concen-

trations of Gdn.HCl (0‒4 M) in20 mM phosphate buffer, pH 7.6,on 
the secondary structure of TfgL
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the surrounding environment and consequently are very 
frequently employed to examine the changes in confor-
mation and structure that takes place in proteins under 
different conditions (Eftink and Ghiron 1981). Trytophan 
residues which are in non-polar environment shows the 
fluorescence around 320 nm, while those that are in a polar 
environment produce at a significantly greater wavelength. 

The emission maximum of TfgL native protein at 327 nm 
evidently indicates that these residues are mostly buried 
in the hydrophobic interior of the protein. Red shift to 
348 nm is observed upon denaturation with 6 M Gdn-HCl 
(spectra not shown).

The Stern–Volmer plots achieved with different quench-
ers are displayed in Fig.  6A. The quenching pattern 
obtained for TfgL with acrylamide and iodide ion showed 
a linear dependence on the concentration of quencher, 
from the slopes of which, the Stern–Volmer quenching 
constants were calculated Eq. (3). The values obtained 
are listed in Table 5. The modified Stern–Volmer plots 
obtained with two quenchers are given in Fig. 6B. From 
the Y-intercepts of these plots, fa, the value of the frac-
tion of accessible Tryptophan residues in each case, was 
determined and the value of the corresponding quenching 
constant, Ka was calculated using Eq. (4). These values 
are also shown in Table 5. It can be clearly seen from 
the data presented that, in TfgL about 66% of the fluo-
rescence intensity was accessible to acrylamide, while 
only 28% of the fluorescence intensity was accessible 
iodide ion (Table 5). The value of Ka for acrylamide was 
5.50 M−1 and for iodide it was 3.45 M−1, clearly indicat-
ing the acrylamide to be a much more efficient quencher 
than iodide ion. These results show similarity to earlier 
fluorescence studies on lectins. The considerably lower 
quenching and accessibility by the charged quencher I‒ are 
consistent with their incapability to enter into the pro-
tein hydrophobic core. This provides additional support 
to the above elucidation made from the study of emission 

Table 4   Secondary structure content of TfgL at different conditions

Each CD spectrum was the accumulation of three scans. CD spectra 
were background corrected and scaled to molar ellipticity. The sec-
ondary structure analysis was performed using CDNN software

α-Helix (%) β-Sheet (%) β-Turn (%) Random 
coil (%)

Native 84.5 6.5 5 4
at pH 3 74 2 10 14
at pH 10 85.4 0.6 7 7
at 90 °C 89.5 0.5 5 5
Denaturated
(6 M Gdn-HCl)

13 14 23 54

Table 5   Summary of parameters obtained from Stern‒Volmer and 
modified Stren–Volmer analysis of the intrinsic fluorescence quench-
ing with acrylamide and iodide ion quenchers on T.foenum-graecum 
seed TfgL. Experiments were carried out in triplicate

Sample description Quenching (%) Ksv (M‒1) fa Ka (M‒1)

Acrylamide 60.33 2.197 0.66 5.50
Iodide ion (I‒) 18.55 0.354 0.28 3.45

A B

Fig. 6   A Stern‒Volmer and B Modified Stern‒Volmer plots of fluo-
rescence quenching data for TfgL. Quenching profile with acrylamide 
(■) and iodide ion (●). The emission spectra of the protein solutions 

(in 10 mM phosphate buffer, pH 7.0) were measured in the region of 
310‒440 nm at 25 °C. All samples were centrifuged before use and 
the clear supernatant was used for experiments
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Fig. 7   Absorption spectra of porphyrins in the absence and in the 
presence of TfgLin 20 mM sodium phosphate buffer, pH 7.4. Porphy-
rin samples (2 µM) were titrated by addition of small aliquots of the 

TfgL. A MnTSPP, B MnTMPyP. Binding curve for the interaction of 
C MnTSPP, D MnTMPyP with TfgL. Chipman plot for E MnTSPP, F 
MnTMPyP binding to TfgL
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maximum, that the Trp residues of TfgL are buried in the 
protein core which is mostly hydrophobic. These results 
show similarity to earlier fluorescence studies on lectins 
(Sultan et al. 2006).

Porphyrin binding to TfgL

Absorption spectra in the Soret band region for MnTSPP, a 
tetra-anionic porphyrin and for MnTMPyP, a tetra-cationic 
porphyrin, in the absence and presence of TfgL, are shown 
in Fig. 7A, B, respectively. In each figure, spectrum 1 cor-
responds to the porphyrin alone and remaining spectra cor-
respond to those obtained in the presence of increasing con-
centrations of TfgL (Fig. 7E, F). This plot clearly indicates 
that the data has a linear dependence. From the X-intercept 
of this plot, the association constant, Ka, for the association 
of MnTSPP and MnTMPyP with TfgL was estimated to be 
1.2 × 106 M‒1 and 3.45 × 106 M‒1 respectively. Studies car-
ried out in the last decade indicate that porphyrins bind to 
different plant lectins with considerable affinity (Komath 
et al. 2006). The analysis of TfgL binding with MnTMPyP 
and MnTSPP reveals that high binding affinity than those 
observed for the other lectin-porphyrin systems (Kenoth 
et al. 2001). This result reveals that TfgL showed high bind-
ing affinity towards MnTMPyP compared with MnTSPP and 
this may due to the acidic nature of TfgL.

In conclusion, we are purified and characterized lec-
tin (TfgL) from Trigonella foenum-graecum (fenugreek) 
seeds. TfgL showed high α-helical content, and also showed 
hemagglutination activity. The secondary structure of this 
protein stability towards temperature, pH and Gdn.HCl has 
been investigated. We have investigated the tryptophan expo-
sure and environment which revealed that the Trp residues 
are partially buried. TfgL has high binding affinity towards 
porphyrins.
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