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Abstract Transitions in the tryptophan microenvironment
and secondary structure of two monocot lectins from
Sauromatum guttatum and Arisaema tortuosum under differ-
ent denaturing conditions were studied by steady state and
time resolved fluorescence and CD spectroscopy. The lectins
exist as tetramers with a single tryptophan residue estimated
per monomer, present in a polar environment. Quenching
with ionic quenchers showed predominantly electropositive
environment for tryptophan residues. Acrylamide had maxi-
mum quenching effect. A decrease in KI quenching due to
lectin denaturation indicated redistribution of charges as a
result of possible conformational change. The two values for
lifetimes of tryptophanyl population (1.2–1.4 and 6.3–6.4 ns)
reduced substantially on quenching or denaturation. Similarly,
both the lectins showed a drastic loss of secondary structure
in 5 M Gdn-HCl or 6 M Urea or at pH 2.0 and below. For the
first time araceous lectins, like legume lectins are shown to
bind adenine. The presence of a compact structure at alkaline
pH 10.0–12.0 was observed in CD spectra.

Keywords Araceae lectins . Fluorescence .

Lifetime spectroscopy . Denaturation . Secondary structure

Introduction

Tryptophan residues in proteins are good molecular probes
to study structural dynamics of proteins in solution. The
physical and dynamic properties of tryptophan microenvi-
ronment and certain structural features and behavior of
protein as a whole can be studied by monitoring tryptophan
fluorescence [1–3]. Small chemical moieties that quench or
decrease the fluorescence intensity of tryptophan residues
in a protein molecule are employed to characterize the
microenvironment of tryptophans.

Lectins from araceae have been grouped in the superfamily
of single monocot mannose binding lectins on the basis of
their sequence homology, structural features and sugar
specificity. Some members of this superfamily from Liliaceae
[4], Amarylidaceae, Alliaceae [5–8], Araceae [9, 10]
Gramineae and Orchidaceae [6] have been characterized. In
the past few years, Araceae has been identified as a
lectin-rich family with lectins constituting 70–80% of
storage proteins in their tubers [7]. Among the Araceae
lectins those from Arisaema tortuosum schott [11], Arisaema
consanguineum Schott (ACA), Arisaema curvature Kunth
(ACmA), Gonatanthus pumilus (GPA), Sauromatum guttatum
Schott (SGA) [10] and Alocasia cucullata [12] have been
purified and characterized.

Although, extensive studies on three-dimensional struc-
tures of lectins and lectin-carbohydrate interactions have
been carried out, till date there is no report of folding-
unfolding as well as characterization of tryptophan envi-
ronment of monocot lectins belonging to araceae. The two
Araceae lectins compared here are S. guttatum lectin
(Voodoo lily; SGA) and A. tortuosum lectin (Himalayan
cobra lily; ATL). Both are non-mannose binding monocot
lectins isolated from the tubers of the respective araceous
plants. SGA and ATL consist of a mixture of isolectins
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differing in charge, similar to Alocasia indica lectin [13],
WGA [14] and those from Amaryllidaceae and Alliaceae
[6]. Recently, SGA [15] as well as some more lectins from
Arisaema sp. [11, 16–19] have been found to show
antiproliferative as well as mitogenic activity

In this paper, we report the structural studies of the S.
guttatum and A. tortuosum lectins by using steady-state and
time resolved fluorescence and CD spectroscopy. The two
lectins have been characterized with respect to their
tryptophan environment and secondary structure under
chemical, pH and thermal denaturing conditions. The study
presents a comparison of the structural stability and
dynamics of the two proteins.

Experimental

Purification of the lectins from S. guttatum (SGA)
and A. tortuosum (ATL)

The lectins were extracted from the tubers of plants S.
guttatum Schott (SGA) and A. tortuosum and purified by
affinity chromatography as described by Shangary et al.
[10] on a column of asialofetuin-linked amino activated
silica column (0.8×3 cm). The unbound protein was
removed by washing with 0.01 M PBS (pH 7.2), followed
by elution with 0.1 M glycine-HC1 buffer (pH 2.5) with a
flow rate of 40 ml h−1. Hemaglutination assays carried out
with rabbit erythrocytes gave consistent results as previ-
ously reported [10, 11].

N-bromosuccinimide Modification of Trp residues

Both the lectins (300 μg) in 100 mM sodium acetate buffer
pH 4.5 were titrated with 0.02 mM N-bromosuccinimide
(NBS) prepared in the same buffer. The reagent was added
in five installments (5 μl each) and the reaction was
monitored spectrophotometrically by monitoring the de-
crease in absorbance at 280 nm. The number of tryptophan
residues modified was determined by assuming a molar
absorption coefficient of 5500 M−1cm−1 [20].

Steady-state fluorescence spectroscopy

The intrinsic fluorescence of the protein was analyzed at
30 °C in PerkinElmer LS-50B spectrophotometer equipped
with a thermostatically controlled sample holder. The effect
of chemical denaturants was studied by incubating the
protein samples (1.8 μM) in 0–6 M Gdn-HCl at 30 °C and
pH 7.0 for 4, 8, and 24 h. Protein samples were also
incubated in 0.05 M each of glycine-HCl buffer pH 1.0,
potassium phosphate buffer pH 7.0, and glycine-NaOH
buffer pH 10.0 at 25 °C for 16 h. The fluorescence emission

of the protein was monitored by recording the scans after
every stipulated period in 1 cm quartz cell in 300–400 nm
range after excitation at 280 nm. Excitation and emission
band pass of 7 nm was used. Reaction mixtures with
protein absent were used to correct base line.

Steady state fluorescence quenching

Fluorescence titrations were carried out by adding 3–5 μl of
acrylamide (5 M), potassium iodide (5 M), cesium chloride
(5 M) and 2.5 M of succinimide to the protein sample (2 μM)
prepared in 20 mM phosphate buffer pH 7.2. Fluorescence
intensity was recorded after each addition. The iodide solution
contained sodium thiosulfate (200 μM) to suppress triiodate
formation. The excitation wavelength was set at 295 nm; the
emission spectra were recorded in the range 300 to 400 nm
with both the slit widths as 7 nm at a scan speed of 200 nm/min.
To eliminate contribution from background emission, the
signal produced by buffer solution was subtracted.

Hydrophobic dye binding studies

8-anilino-1-napthalene sulfonic acid (ANS) is a charged
hydrophobic dye that binds to hydrophobic clusters in
proteins and hence is largely employed for characterizing
and detecting partially unfolded states in proteins [21, 22].
ANS emission spectra were recorded in the range 400–550
nm with excitation at 375 nm using slit widths of 5 nm for
emission and excitation monochromators. The change in
ANS fluorescence on binding to lectin was recorded at
constant concentration of protein (2 μM) and ANS (50 μM).
The spectrum of ANS in buffer was subtracted from the
combined protein-ANS spectrum to yield the final spectrum.

Adenine binding studies

Adenine is known to bind the hydrophobic amino acid
residues of proteins and quench the intensity of the fluo-
rophore. Protein (2 μM)was titrated against a 10 mM solution
of adenine dissolved in 0.1 M HCl and recorded the scans.
Hydrophobic ligand (5–10 μl) was added till saturation. The
binding of adenine to lectins was monitored by recording
changes in fluorescence after excitation at 280 nm using slit
width of 7 nm at 30 °C [23]. Change in fluorescence (ΔF)
was noted with increasing concentrations of adenine in
independent readings. The fluorescence intensity was corre-
lated for inner filter effect due to excitation light absorbance
by adenine according to the following equation:

log C½ �f¼ �log Ka½ �þlog F0�FCð Þ= FC�F1ð Þ½ �

In the above equation F0 and FC are the fluorescence
intensities of the free protein and of the protein at an
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adenine concentration [C]. From the ordinate intercept of
the double reciprocal plot of F0/(F0−FC) versus 1/[C], F∞,
the fluorescence intensity upon saturation of all the adenine
binding sites is obtained. The plot of log[(F0−FC)/(FC−F∞)]
versus log[C], the abscissa intercept yielded the Kd value
(the dissociation constant) for these interactions, the
reciprocal of which gave the Ka (the association constant).
This analysis of the binding data was carried out according
to Chipman [24].

Circular dichroism measurements

CD measurements were performed in a Jasco 810 spec-
tropolarimeter using a cuvette of 0.1 cm path length at
30 °C, unless otherwise stated. The solution was scanned
in the wavelength range 200–250 nm (50 nm min−1,
response time 2 s) three times and the data were averaged.
The protein samples (80 μg/ml) were in 20 mM phosphate
buffer pH 7.2 containing 150 mM NaCl. The effect of
temperature on the proteins was studied by two different
methods. In one set of experiments protein samples were
equilibrated at temperatures ranging from 25 to 90 °C for
10 min and the scan was recorded separately for each
sample. For thermally denatured samples, after cooling the
sample to room temperature a new scan was recorded
under the same conditions, for testing the reversibility of
thermal transitions. For determination of Tm, the spectro-
polarimeter was connected to a PTC343 Peltier circulating
water bath (Jasco,Tokyo,Japan). The temperature of the
protein samples was increased at the rate of 1 °C/min for
the temperature ranging from 25 to 90 °C and the
ellipticity was recorded at 225 nm. To study the effect of
denaturants the protein samples were incubated in 0–6 M
Gdn-HCl and 0–8 M urea for 4 and 16 h, respectively, and
after that the far ultraviolet (UV) CD spectra were
recorded. Effect of pH on the secondary structure was
studied by incubating the protein samples in 50 mM
buffers in pH range 1–11, as given above, for 16 h at 30 °C.
All spectra were corrected by subtracting the respective
buffer baseline.

Fluorescent lifetime spectroscopy

Protein samples at a concentration of 0.5 mg/ml were
employed for this experiment. Lifetime measurements were
carried out on Edinburg lifetime spectrofluorimeter. For
samples of native and denatured (8 M urea) lectins
tryptophan residues were selectively excited at wavelength
295 nm and emission recorded at 340 nm. Protein samples
containing final concentrations of acrylamide were sub-
jected to lifetime measurements. The decay curves thus
obtained were analyzed by a multiexponential iterative
fitting program provided with the instrument.

Results and discussion

The fluorescence emission maxima of SGA and ATL at pH
7.0 were at 350 nm (Fig. 1A), indicative of exposed
tryptophan residues existing in polar environment. The
NBS modification of tryptophan in both the native and urea
denatured states of the two lectins indicated presence of
single tryptophan per monomer and the lectins were
tetramers in the native state. These results further confirmed
the surface exposed state of tryptophans in these araceous
lectins.

The far-UV CD spectroscopy for secondary structure
prediction showed maxima of positive ellipticity at 201 nm

Fig. 1 A Fluorescence spectra of Native SGA (1.8 μM) at pH 7.2;
B Far-UV CD scans of SGA, incubated in 0–6 M GdN-HCl, pH 7.2.
Scans were taken after incubation of the protein in the denaturant for
16 h at 30 °C. The scans were averaged after three accumulations
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and minima at 225–226 for both the lectins (Fig. 1B). The
percentage of secondary structural elements in SGA
estimated from the far-UV CD spectra showed α-helix:
2.8%, β-sheet: 49% turns: 22.9% and random coil: 25.2%.
Similar results were obtained for ATL. The far-UV CD
spectra of SGA and ATL resemble the spectra of a synthetic
tetrapeptide tuftsin, which is shown to be an important
immunomodulator and stimulates phagocytosis and is
shown to elicit in vivo as well as in vitro antitumor effects.
A negative trough at 225 nm and maxima at 200 nm are
found to be associated with type III β turns as in the case of
tuftsin [25].

Denaturation studies by steady state and lifetime
fluorescence and CD spectroscopy

Gdn-HCl induced denaturation

Characterization of the structural and conformational
changes occurring in both these araceaous lectins in the
presence of Gdn-HCl was carried out to probe the changes
occurring in the tryptophan environment. A red shift in
λmax of fluorescence of the protein from 350 to 356 nm
with increasing concentration of Gdn-HCl was observed in
the spectrum indicating increased polarity of tryptophan
environment. A 50% loss of hemaglutination activity of
ATL has been reported in presence of 3 M Gdn-HCl
concentration [11]. A simultaneous drop in the fluorescence
intensity observed could be due to structural changes in
protein with increasing concentration of Gdn-HCl (1–6 M)
leading to solvent shielding of Trp residues (data not
shown).

The change in negative ellipticity caused by Gdn-HCl in
case of SGA is depicted in Fig. 1B. At 6 M concentration
of the denaturant major distortion in the secondary structure
along with a corresponding drop in the ellipticity at 225 nm
was observed. ATL shows similar Gdn-HCl mediated
denaturation profiles. Three molar Gdn-HCl caused only
partial unfolding of both the lectins with concomitant loss
of hemagglutination activity indicating disruption of struc-
tural and functional integrity.

Effect of pH

A 2–3 nm blue shift in λmax to 347 nm at pH 3, and a 2–
3 nm red shift in λmax to 353 nm at alkaline pH (10–12)
were observed for both the proteins. The far-UV CD scans
of SGA at various pH are shown in Fig. 2A. The spectra of
both the lectins suggest a compact structure existing at
alkaline pH (10–12). The secondary structures of ATL as
well as SGA were drastically affected at acidic pH as
evident from the change in ellipticity at 210 nm in far-UV
CD spectra. Both these lectins retain hemagglutination

activity at both acidic (pH 2–4) and alkaline pH (10–12)
[10, 11]. Thus, it may be reasonable to assume that the
apparent structural loss of the proteins at acidic pH
observed in the CD spectra can be attributed to some
disruption away from the sugar binding site and not
affecting its integrity.

Hydrophobic dye binding

Enhancement of the intrinsic fluorescence of ANS upon
binding to proteins at acidic and alkaline pH was studied.
Although the secondary structure at pH 2.0 gets distorted as

Fig. 2 A Far-UV CD spectra of SGA (1.8 μM) incubated in buffers
of pH from 2–12 for 16 h at 30 °C. B Effect of temperature on the
secondary structure of SGA (1.8 μM): Far-UV CD scans of SGA at
temperatures ranging from 25–90 °C. Each sample was incubated at
the respective temperature for 10 min after which scans were recorded
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evident from the far-UV CD spectrum, this unfolded
structure does not result in the exposure of any ANS
accessible hydrophobic patches. Even the compact structure
at alkaline pH did not exhibit fluorescence enhancement in
bound hydrophobic dye. Hence this compact structure at
extreme alkaline pH cannot be categorized as a molten
globule like intermediate.

Effect of temperature

The fluorescence intensity was found to decrease with
increasing temperature without any shift in λmax for both
these lectins. The decrease in the fluorescence intensity
could be due to deactivation of the excited singlet state.
Since, the increasing temperature has no effect on the
emission maximum of the protein, the polarity of trypto-
phan environment can be assumed to remain same. In CD
spectra the negative ellipticity of the lectins at 226 nm
remains same while positive ellipticity at 200–205 nm
decreases gradually with increase in the temperature till
50 °C indicating increase in the random coil element of the
protein. At 55 °C and above the negative ellipticity at
226 nm also decreases indicating the subsequent unfolding
of the protein (Fig. 2B). Thermal denaturation and renatur-
ation of SGA and ATL as observed by change in the
ellipticity at 225 nm showed the Tm of the proteins o be 55
and 60 °C, respectively (data not shown). Hemagglutination
of SGA and ATL at 55 °C did not show change [10, 11]. The
partial loss of secondary structure at these temperatures is not
destroying activity fully. However, at temperatures above
55 °C far-UV CD shows distortion in secondary structure as
well as loss of hemaglutination activity.

Fluorescence quenching of SGA and ATL

Quenching experiments on native and denatured SGA and
ATL were carried out using two neutral quenchers of
different sizes (acrylamide and succinimide) and two ionic
quenchers (iodide and cesium ion). Acrylamide being a
small molecule can penetrate into protein interior and
quench the fluorescence of even buried Trps, while
succinimide affects intensities of mainly partially exposed
tryptophans [26]. The ionic quenchers such as iodide and

cesium are also larger in size and cannot penetrate protein
matrix and thus can quench fluorescence of only surface
exposed tryptophan residues located in the vicinity of
positively and negatively charged residues, respectively.

Table 1 The percentage quenching obtained with different quenchers in the native and 8 M urea denatured SGA and ATL

Quencher (final
concentration)

SGA quenching %
(native)

SGA quenching%
(denatured)

ATL quenching %
(native)

ATL quenching %
(denatured)

Acrylamide (0.25 M) 80 (±1.5) 80.21 (±1.3) 83.03 (±1.9) 80.39 (±1.8)
Succinimide (0.3 M) 65.2 (±1.2) 61.64 (±1.6) 72.05 (±2.0) NA
KI (0.4 M) 72.49 (±2.0) 65.18 (±1.7) 74.74 (±1.2) 59.66 (±1.5)
CsCl (0.33 M) 29.5 (±1.1) 34.34 (±1.1) 15.38 (±0.9) 15.7 (±1.0)

Calculated from raw data

Fig. 3 Stern volmer plot for the quenching of native and 8 M urea
denatured SGA and ATL [Native SGL (filled square), Native ATL
(filled circle), 8 M urea denatured SGL (filled triangle) ATL (filled
inverted triangle)] A Acrylamide. After fitting the data the R value in
each case was 0.99. B KI. The downward curves split into two linear
components and the remaining data after fitting gave R=0.99
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Table 1 shows the percentage quenching of the intrinsic
fluorescence of both the proteins under native and
denatured conditions with all the four quenchers. The
intrinsic fluorescence of SGL and ATL lectins were
quenched by all quenchers, without any change in the λmax

of 350 nm. The percentage quenching in case of native
SGA was 80%, 65.2%, 72.5% and 29.5% for acrylamide
(0.25 M), succinimide (0.3 M), iodide (0.4 M), and cesium
(0.33 M), respectively. For ATL the percentage quenching
values were approximately the same except in case of
succinimide and cesium ion where the values were 72.0%
and 15.4%. A higher percentage of quenching obtained with
succinimide is indicative of more easily accessible and non-
polar tryptophans. In general, a higher percentage of
fluorescence quenching was observed with the iodide ion
in case of both these araceae lectins (72.5% for SGA, 74.7%
for ATL) as in the case ofMoringa oleifera lectin, 85%, [27],
compared to the available values for other lectins such as
Trichosanthes anguina lectin, 10.0%, [28], Trichosanthes
cucumerina lectin, 11.5%, [29], Trichosanthes dioica lectin,
4.4%, [30], and Doilichos biflorus lectin, 10.6%, [31].
Higher quenching by iodide as compared to Cs+ ions is an
indication of predominantly electropositive environment of
Trp residues.

The response to denatured lectins was negligible with
most of the quenchers, presumably due to already exposed
Trp residues. However, fluorescence quenching by iodide
showed a decrease (from 72% to 65%) at 6 M Gdn-HCl
whereas cesium quenching showed an increase (from 29%
to 34%) at 8 M urea accompanied with a spectral shift of 4–

5 nm. The CD analysis has already shown that the lectins
get denatured at these concentrations of the denaturant. A
possible explanation for the above results can be given as
redistribution of charges in the vicinity of Trp residues due
to the change in conformation.

Analysis of the steady state quenching data

Quenching data thus obtained was analyzed by the Stern–
Volmer Eq. 1 as well as modified Stern–Volmer Eq. 2 [26,
32] to quantify the extent of quenching.

F0=Fc¼ 1þKsv Q½ � ð1Þ

F0= F0�Fcð Þ¼f a�1þ Kaf að Þ�1 Q½ ��1 ð2Þ
Where F0 and Fc are the respective fluorescence

intensities, corrected for dilution, in the absence and
presence of quencher, respectively, [Q] is the resultant
quencher concentration, Ksv is the Stern–Volmer quenching
constant of the lectin for given quencher, fa refers to the
fraction of the total fluorescence that is accessible to the
quencher and Ka is the corresponding quenching constant.
For both the lectins, Stern–Volmer plots for quenching with
the various quenchers are shown in Fig. 3. Slopes of Stern–
Volmer plots yield Ksv values (Eq. 1), whereas the slopes of
modified Stern–Volmer plots give (Kafa)−1 and their
ordinate give values of 1/fa (Eq. 2). The bimolecular
quenching constants kq1 and kq2 for both the lectins
quenched by various quenchers are presented in Table 2.

Table 2 Summary of comparative parameters for SGA and ATL obtained from Stern–Volmer and modified Stern–Volmer analysis of the intrinsic
fluorescence quenching with different quenchers

Sample description Ksv1 (M
−1) kq1 (×10

9 M−1s−1) Ksv2 (M
−1) kq2 (×10

9 M−1s−1) fa Ka (M
−1)

Acrylamide
Native SGA 17.42 (±0.12) 5.36 (±0.08) – – 0.98 19.08 (±0.51)
Native ATL 20.32 (±0.31) 5.51 (±0.21) – – 1 16.55 (±0.74)
Denatured SGA 15.07 (±0.14) 4.64 (±0.10) – – 1 13.19 (±0.17)
Denatured ATL 12.94 (±0.27) 3.51 (±0.21) – – 0.98 11.36 (±0.29)
Succinimide
Native SGA 6.5 (±0.15) 2 (±0.12) 2.25 (±0.17) 0.7 (±0.05) 0.77 12.16 (±0.44)
Native ATL 9.87 (±0.07) 2.67 (± 0.05) – – 0.79 15.83 (±0.44)
Denatured SGA 6.27 (±0.20) 1.93 (± 0.15) 2.41 (± 0.16) 0.71 (± 0.05) 0.81 9.7 (±0.31)
KI
Native SGA 11.08 (±0.61) 3.4 (±0.57) 4.96 (±0.19) 1.53 0.81 21.75 (±0.4)
Native ATL 15.44 (±0.51) 4.19 (±0.41) 10.47 (±0.18) 2.84 0.79 28.64 (±0.54)
Denatured SGA 5.14 (±0.01) 1.58 (±0.01) – – 0.85 12.05 (±0.27)
Denatured ATL 5.29 (±0.09) 1.59 (±0.05) – – 0.83 4.28 (±0.47)
CsCl
Native SGA 1.44 (±0.03) 0.44 (±0.02) – – 0.83 2 (±0.12)
Native ATL 0.99 (±0.02) 0.27 (±0.01) – – 0.72 1.48 (±0.16)
Denatured SGA 1.59 (±0.04) 0.9 (±0.02) 0.77 (±0.05) 0.24 0.65 3.07 (±0.17)
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Quenching with acrylamide

Quenching with acrylamide gave a linear Stern–Volmer plot
in case of SGA and ATL, indicative of dynamic/collisional
quenching of a homogenous population of tryptophans.
After fitting the data the R value in each case was 0.99. The
values of the bimolecular quenching constant (kq) were
calculated by dividing Ksv with τ0 which is the average
fluorescence lifetime in the absence of the quencher. The
values were calculated from time resolved fluorescence data
described below. The value of this constant (kq) for native
lectin (5.36±0.08×109 M−1 s−1) did not change much for
denatured lectin (4.64±0.10×109 M−1 s−1; Table 2). Similar
values were obtained for ATL also.

Quenching with succinimide

The Stern–Volmer plot for succinimide quenching of SGA
gave a downward curve, whereas it was straight-line for
ATL. The downward curve is indicative of two populations
of tryptophans, one readily accessible to the quencher and
the other one slowly. The curve obtained was splitted into
two linear components. The values of Ksv1 and Ksv2

calculated for SGA were 6.50±0.15 M−1 and 2.25±
0.17 M−1. These values did not change for denatured
SGA. The high value of Ksv1 compared to Ksv2 suggests a
differentially exposed Trp population that is easily
quenched. The values of bimolecular rate constants, kq1
and kq2 for native SGA were 2.0±0.12×109 M−1 s−1and
0.70±0.05×109 M−1 s−1, respectively, changed slightly
after denaturation. For ATL the values of Ksv and kq were
9.87±0.07 M−1 and 2.67±0.05×109 M−1 s−1, respectively.
In case of native SGA and ATL the quenching constant Ka

calculated from modified SV plots was lesser for succinimide
compared to acrylamide. The reason may be the lesser
quenching efficiency and lesser penetrating capacity of
succinimide compared to acrylamide. As expected, the Ka

values were lesser for denatured lectins.

Quenching with Iodide

For Iodide quenching, the Stern–Volmer plot curves
downwards for both SGA and ATL, whereas it is a straight
line for urea denatured SGA and ATL. The downward
curves split into two linear components and the remaining
data after fitting gave R=0.99. The values of Ksv1 and Ksv2

are 11.08±0.61 and 4.96±0.19 M−1 for native SGA, and
15.44±0.51 and 10.47±0.18 M−1 for native ATL. The

�Fig. 4 Time resolved fluorescence decay profile. A Native SGL
B SGL in the presence of 6 M Gdn-HCl, C SGL quenched with 0.5 M
Acrylamide. The solid lines correspond to the nonlinear least square
fit of the exponential data. The lower panel represents the residual
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higher values of Ksv1 suggests an easily accessible and
rapidly quenching population of tryptophans while a lower
value is indicative of a late and slower quenching Trp
population. The Ksv for the straight line plot of denatured
SGA and ATL is 5.14±0.01 and 5.29±0.09 M−1, respec-
tively. The estimated Ka values were 21.75±0.4 and 2.0±
0.12 M−1 for SGA and 28.64±0.54 and 1.48±0.16 M−1 for
ATL, when quenched by KI and CsCl, respectively. For
both the lectins the value of kq1 for KI quenching is found
to decrease on denaturing the protein. Since kq values can
be associated with collisional frequency, a decrease in
collisional frequency with denaturation in some cases is
only nonspecific.

Adenine binding

Titrations of SGA and ATL were carried out with Adenine
and the decrease in the fluorescence intensity was mea-
sured. Adenine-binding resulted in considerable quenching
of the fluorescence intensity (80–90%) in both the lectins.
The estimated binding constant Ka was 6.61±0.2×10

3 M−1

for native SGA and 1.0±0.11×105 M−1 for ATL.
Adenine and adenine-derived plant growth regulators are

hydrophobic ligands known to bind lectin in sites different
from the carbohydrate binding site and this binding could
be significant for the storage of plant growth regulators [33,
34]. The binding affinity is reported to be of the order of
105–106 and hence may be of physiological importance in
these plants. Both D. biflorus lectin [33] (Ka=7.31×
105 M−1) and Lima bean lectin from Phaseolus lunatus
[35] (Ka=8.3×10

4 M−1) have high affinity for adenine.
Winged bean agglutinin also exhibits adenine-quenching
without any shift in its λmax at 330 nm, Ka=1.5×10

4 M−1

[36]. Thus, SGA and ATL behave like legume lectins in
binding adenine. As far as we know, this is the first report
of any araceae lectin binding adenine.

Fluorescent lifetimes

The fluorescent decay of the tryptophan residues on a
nanosecond time scale for both the lectins in native, denatured
and quenched states, obtained from time resolved measure-
ments are presented in Fig. 4A. Biexponential curve could be
fitted to time resolved fluorescence profiles of both lectins
(χ2=1.03) giving values of shorter (τ1) and longer (τ2)
lifetimes for SGA (1.25±0.055 and 6.48±0.086 ns) which
are similar for ATL (Table 3). The relative contributions of
these components to the overall fluorescence were ∼20% for
shorter and ∼80% for longer component. Thus majority of
the Trp residues take longer time to decay. The values of
individual tryptophan lifetimes and their averages for SGA
are tabulated in Table 3. The corresponding values for urea
denatured SGA were 1.26±0.15 and 4.26±0.17 ns. The
values for ATL under the same conditions were similar. On
denaturation the population components shifted to ∼30% for
shorter and ∼70% for the longer lifetime. The observed
change in values of relative amplitudes (α1 and α2) could be
due to change in the protein conformation after subjecting to
urea denaturation.

The decay times τ1 and τ2 for Gdn-HCl-denatured SGA
were 1.52±0.15 and 3.50±0.065 ns with populations 66%
and 34% (Fig. 4B), respectively. Denatured ATL also showed
two lifetimes, which changed like SGA. For both these
lectins a marginal increase in the shorter lifetime (1.25±
0.055 to 1.52±0.15 ns for SGA) and a pronounced decrease
in the longer lifetime (6.48±0.086 to 3.50±0.065 ns for
SGA) were observed. The remarkable change in the
percentage contributions on denaturation is suggestive of
conformational changes affecting the local Trp environment.

Analysis of the decay profiles and determination of
corresponding fluorescent lifetimes obtained after quench-
ing with the neutral quenchers acrylamide (0.5 M)
and succinimide (0.25 M) as well as the ionic quenchers

Table 3 Lifetimes of fluorescent decay of SGA and ATL under different conditions and the corresponding pre-exponential factors along with the
calculated average lifetimes

Sample description α1 τ1 α2 τ2 τ <τ> χ2

Native SGA 0.031 6.48 (± 0.086) 0.050 1.25 (± 0.055) 3.25 5.23 1.003
Native ATL 0.039 6.36 (± 0.19) 0.046 1.42 (± 0.095) 3.69 5.32 1.003
Denatured SGA (8 M Urea) 0.039 1.26 (± 0.15) 0.035 4.26 (± 0.17) 2.68 3.65 1.003
Denatured ATL (8 M Urea) 0.041 1.85 (± 0.17) 0.037 4.79 (± 0.14) 3.24 3.90 1.001
Denatured SGA (6 M GdN-HCl) 0.045 1.52 (± 0.15) 0.038 3.50 (± 0.065) 2.42 2.82 1.001
Denatured ATL (6 M GdN-HCl) 0.046 1.27 (± 0.17) 0.043 3.38 (± 0.11) 2.23 2.77 1.004
SGA +0.5 M acrylamide 0.013 2.03 (± 0.057) 0.132 0.71 (± 0.093) 0.83 0.99 1.002
ATL +0.5 M acrylamide 0.134 0.82 (± 0.055) 0.013 2.15 (± 0.25) 0.93 1.09 1.001
SGA +0.5 M succinimide 0.133 0.666 (± 0.042) 0.019 2.61 (± 0.144) 0.90 1.36 1.003
SGA +0.5 M KI 0.142 0.757 (± 0.043) 0.005 2.70(± 0.36) 0.82 0.97 1.005
SGA +0.5 M CsCl 0.049 1.57 (± 0.11) 0.027 4.99 (± 0.1) 2.78 3.74 1.005
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I− (0.5 M) and Cs+(0.5 M) was also carried out (Fig. 4C). In
case of acrylamide quenching for SGA it is found that the
values of τ1 and τ2 were drastically reduced to 0.71±0.093
and 2.03±0.057 ns and more or less same changes have
been observed for ATL also. The life of short time decay
decreased from 1.25±0.055 to 0.71±0.093 ns (that is by
17.6%) whereas longer lifetime decreased from 6.48 to
2.03 ns (that is by 31.3%). Quenching with the molecule
Cs+ resulted in decrease in longer lifetime from 6.48±0.086
to 4.99±0.1 ns and increase in the shorter lifetime from
1.25±0.055 to 1.57±0.11 ns when compared to native
SGA. Thus, the effect was not as pronounced as with
neutral and anionic quenchers.

For both these lectins the average lifetimes were
calculated using two different approaches (τ and <τ>) from
the data obtained from the fluorescent decay under various
conditions and presented in Table 3, using the following
Eqs. 3, 4:

t¼
X

i
ait i

.X
i
ai ð3Þ

th i¼
X

i
ait

2i
.X

i
ait i ð4Þ

Where i=1, 2 …
From Table 3 it can be seen that for native SGA the

average lifetimes τ and <τ> are 3.25 and 5.23 ns,
respectively. The average lifetimes τ and <τ> of these
proteins are affected after denaturation as well as on
treatment with acrylamide, succinimide and I−, while they
are not much affected by Cs+.

In conclusion, this is the first report of structural
investigations on these araceaous lectins to probe the
tryptophan environment and secondary structure of the
members of this monocot family. Both SGA and ATL are
tetrameric lectins, containing four Trp residues that show
fluorescence maxima at 350 nm corresponding to trypto-
phan residues exposed in the polar environment. For both
these lectins the far-UV CD spectra indicate a predominant
β sheet structure and type-III β-turns. Investigations into
the secondary structure after various modes of denaturation
reveal that these lectins possess structure that is labile at
high acidic pH and stable at extreme alkaline pH. Adenine-
binding, a feature of legume lectins has been observed in
members of this family for the first time. This property is
important for binding plant growth regulators. Complete
accessibility of the tryptophans to the neutral quencher
acrylamide confirmed the surface exposure of the residues.
The fluorescent lifetimes were significantly altered after
quenching with acrylamide. The predominantly positive
environment of the tryptophans was revealed by quenching
with iodide ion. Average lifetimes were not significantly
affected with Cs+ quenching.
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