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Effects of Denaturation and Amino Acid Modification on Fluorescence Spectrum
and Hemagglutinating Activity of Hericium erinaceum Lectin
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Abstract        A sialic acid-binding lectin (Hericium erinaceum lectin, HEL), isolated from fresh fruiting
bodies of Hericium erinaceum, was treated with various temperature and pH to investigate its fluorescence
spectra and hemagglutinating activity. It was found that the hemagglutinating activity of HEL was relatively
steady below 60 °C and at pH from 6 to 11, and the change of hemagglutinating activity was relative to the
change of hydrophobic areas where tryptophan residues located. In fluorescence quenching study of HEL by
acrylamide and KI, it was indicated that nearly all the tryptophan residues of HEL located on the surface of
the molecule, and most of them were in hydrophobic areas or negatively charged areas. Chemical modifica-
tion of HEL proved that there were about twelve tryptophan residues in a HEL molecule and all of them were
located on the surface or in the shallow groove of the molecule, and eight of them were essential for hemag-
glutinating activity; aspartic acid or glutamic acid residues were involved in maintaining the crucial confor-
mation of activity center and made great contribution to the hemagglutinating activity of HEL, but they could
not touch the sialic acid molecule directly; tyrosine residues also played a role in the hemagglutinating activ-
ity of HEL; while arginine, serine, threonine, histidine residues had no effect on the hemagglutinating activity
of HEL.

Key words        sialic acid-binding lectin; Hericium erinaceum lectin; fluorescence spectrum and fluores-
cence quenching; hemagglutinating activity; chemical modification

In a broad sense, lectins are proteins or glycoproteins of
non-immune origin that bind specifically to carbohydrates
[1]. But most lectins are usually multivalent, which means
they have more than one carbohydrate-binding site in one
molecule, a property that enables them to agglutinate eryth-
rocytes and other cells [2,3]. Some lectins exhibit blood-
group specificity [4] and can be used in blood grouping;
some agglutinate transformed cells better than the normal
ones [5]. Therefore, clinical researcher can benefit from
this property in developing new diagnostic approaches and
treatments of cancer. Lectins distribute ubiquitously in
animals, plants, microorganism, and even virus. They have
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various functions, which are, however, not clear even now
[2]. The lectins distributed in fungi much wider than in
higher plants, and they play many important roles in sym-
biotic or parasitic behavior, growth and morphogenesis of
fungi [6]. Hericium erinaceum, also called monkey-head
mushroom or lion’s mane, is well known as a rare tradi-
tional Chinese medicine and delicious edible mushroom.
A sialic acid-binding lectin (Hericium erinaceum lectin,
HEL) was isolated from Hericium erinaceum. The mo-
lecular mass of intact HEL is estimated to be 54 kD. It is
composed of four subunits (two of them are 15 kD and the
others are 16 kD) [7].

In this study, the effects of temperature, pH, modifica-
tion of some amino acid residues on the hemagglutinating
activity of HEL were investigated, and the fluorescence
spectra of HEL in different conditions and fluorescence
quenching of HEL by acrylamide and KI were also stud-
ied to get some knowledge about HEL structure.
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Materials and Methods

Materials

Purified HEL was obtained according to the method
described as Kawagishi et al. [7], and detected by SDS-
PAGE. Acrylamide, KI, Tris base and sialic acid were from
Sigma. DEAE-Sepharose and Mono-S column were prod-
ucts of Pharmacia. N-Bromosuccinimide (NBS) and 1,2-
cyclohexanedione were from BASF. Water-soluble 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide (EDC),
glycinethylester hydrochlorid and 2-nitrobenzenesulphonyl
fluoride (NBSF) were from Acros Organics. Diethyl
pyrocarbonate (DEPC) was product  of  Serva.
Phenylmethyl sulfonyl fluoride (PMSF) was from
Amresco. All other chemicals were of analytical grade.

The relative fluorescence spectra of HEL in natural
stage

Relative fluorescence intensity was measured by
spectrophotofluorometer (Model 4500, Hitachi) using a 5
nm slit width. HEL was dissolved in pure water to 50 mg/
L and placed 2 ml in 1.0 cm×1.0 cm×4.5 cm quartz cuvettes.
The excitation spectrum was recorded first and then emis-
sion spectra were taken at excitation wavelengths of 281
and 295 nm and recorded over the frequency range from
the excitation wavelength to a wavelength of 500 nm [8,
9].

Thermal denaturation and its effect on the relative fluo-
rescence spectrum of HEL

Rabbit erythrocytes were used for the detection of he-
magglutinating activity when necessary. HEL was dis-
solved in phosphate-buffered saline (PBS, 0.15 M, pH 7.
0) at 50 mg/L and divided into five aliquots. These five
aliquots were incubated respectively at 20 °C, 40 °C, 60
°C, 80 °C and 90 °C for 20 min, and then cooled to room
temperature immediately in ice water. After 30 min incu-
bation at room temperature, 25 µl of serial two-fold dilu-
tion of each aliquot was mixed with an equal volume of
2% erythrocyte suspension in 96 U-welled microtiter
plates. Agglutination was assessed visually after incuba-
tion for 1 h at room temperature, and the emission spectra
(exited at 295 nm) of five aliquots were also recorded be-
tween 300–450 nm.

Effect of pH on the hemagglutinating activity and the
fluorescence spectrum of HEL

The effect of pH on hemagglutinating activity of HEL

was performed by dissolving the lectin to 50 mg/L in a
buffer of desired pH, and tested at 4 °C. The erythrocyte
suspension used for the hemagglutination assay was also
prepared in the same buffer. The buffers we used were as
follows: 50 mM KCl/HCl (pH 2.0), 50 mM citrate (pH 4.
0, pH 5.0), 50 mM phosphate (pH 7.0), 50 mM carbonate/
bicarbonate (pH 9.0, pH 11.0), 50 mM KCl/NaOH (pH
13). Hemagglutinating activity of lectins in different pH
was determined by serial two-fold dilution and emission
spectra were recorded in the wavelength range of 300–
450 nm when excited at 295 nm.

Fluorescence quenching study of HEL

Quenching Trp fluorescence of HEL was studied ac-
cording to the method described by Lehrer [10] and Eftink
[11]. For all quenching experiments, the absorbance of all
solutions at 295 nm was always less than or equal to 0.06
and thus no correction for inner effect was necessary [12].
Five concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 M) of KI
were prepared in 0.02 M PBS (pH 7.4) and five concen-
trations (0.2, 0.4, 0.6, 0.8, and 1.0 M) of acrylamide were
dissolved in 0.02 M Tris-HCl (pH 7.2). 50 mg/L HEL was
added into these solutions respectively. All solutions were
avoided from light and used promptly after preparation.
Sodium thiosulfate (0.1 mM) was added to the KI solution
to prevent the formation of I3

–. Experiments were performed
in triplicate and the average results were obtained [13].

Modification of amino acid residues and its effect on
hemagglutinating activity of HEL

Modification of the tryptophan residues in HEL was
carried on according to the method of Spande et al. [14].
HEL was dissolved in PBS (0.2 M, pH 5.6) to 50 mg/L
and divided into four aliquots. Aliquot 1 was taken as
control. Aliquot 3 contained 12 nM sialic acid (the inhibi-
tion sugar of HEL). 8 M urea was added into Aliquot 4.
Modification was carried out at 20 °C. 2 µl 10 mM NBS
was added into Aliquot 2–4 every five minutes, and the
fluorescence spectrum of Aliquot 2 excited at 295 nm was
recorded simultaneously. The chemical modification was
assayed by monitoring the decrease of absorbance at 280
nm until absorbance stopped decreasing and even rose a
little. After modification, all aliquots were dialyzed against
PBS to remove excessive NBS and sialic acid, and the
hemagglutinating activity was assayed.

Carboxyl groups of aspartic acid and glutamic acid were
modified according to the method described by Goldstein
et al. [15], After modification, the solution was dialyzed
against pure water to remove the excessive reagent and
hemagglutinating activity was assayed.
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To modify histidine residues, HEL was reacted with
DEPC according to the method of Rogers et al. [16] and
Anderson et al. [17]. Then the modified sample was dia-
lyzed against pure water to remove the excessive reagent
and hemagglutinating activity was assayed.

Modification of tyrosine residues by NBSF followed the
method described by Liao et al. [18]. The hemagglutinat-
ing activity was assayed after the excessive reagent was
removed by dialyzing against pure water.

Following the method described by Patthy et al. [19],
the arginine residues of HEL were modified by 1,2-
cyclohexanedione in 0.2 M borate buffer (pH 8.5). Then
the hemagglutinating activity of modified HEL was as-
sayed after the excessive reagent had been removed.

After its serine and threonine were modified by PMSF
following the method of Daniel K et al. [20], the lectin
was dialyzed against pure water and the hemagglutinating
activity was assayed.

Results and Discussion

By the method described previously [7], HEL was puri-
fied from mushroom of Hericium erinaceum. The excita-
tion spectrum and emission spectra of HEL are shown in
Fig. 1. A most intense emission spectrum with a single
peak at 334 nm was gotten when excited at 281 nm. A
lower level of relative fluorescence intensity was observed
at excitation wavelength of 295 nm and an emission spec-
trum containing a single emission peak also with maxi-
mum at 334 nm was recorded. For an excitation at 295
nm, tryptophan is the only aromatic amino acid to absorb

Fig. 1        The excitation spectrum and emission spectra of HEL
1, the excitation spectrum of HEL (200–300 nm); 2, the emission spectrum of
HEL excited at 281 nm. 3, the emission spectrum of HEL excited at 295 nm.

Fig. 2        The effect of various temperatures on HEL hemagglu-
tination activity

Supposing HEL hemagglutination activity at pH 7 to be 100%.

light. For an excitation at 281 nm there is a transfer of
energy from the excited tyrosine to tryptophan, which cor-
responds to a single and most intense emission peak [21–
23]. Compared with emission apex of free tryptophan (348
nm), the emission peak of the tryptophan residues in HEL
blue-shifted about 14 nm to 334 nm, which showed that
the tryptophan residues of HEL located in hydrophobic
areas or the indole rings of tryptophan residues may have
special formation [24]. In fact, the modification of Trp resi-
dues (mentioned later) showed that Trp residues of HEL
were the required groups and the hydrophobic areas where
they located were the carbohydrate-binding sites.

The effect of temperature on the hemagglutinating ac-
tivity of HEL was shown in Fig. 2. HEL was relatively
steady below 60 °C. The hemagglutinating activity of HEL
declined markedly at 80 °C, and lost completely at 90 °C.
Fig. 3 showed the emission spectra of HEL at various
temperatures. Compared with the apex at 20 °C, the emis-
sion peak at 40 °C declined but it was still at 334 nm,
which showed that the structure of HEL at 40 °C had some
change but the hydrophobic areas of Trp residues were
not destructed. At 60 °C, the emission peak of HEL rose
but red-shifted to 339 nm, which showed the disturbance
of hydrophobic areas. When temperature rose to 80 °C
and 90 °C, it declined again. As shown in the change of
hemagglutinating activity above 60 °C, it could be con-
cluded that above 60 °C, with the areas of tryptophan resi-
dues being destroyed, the hemagglutinating activity of HEL
declined to disappear at 90 °C finally.

The change of hemagglutinating activity of HEL at vari-
ous pH was shown in Fig. 4. When pH was lower than 7,
the hemagglutinating activity decreased quickly and lost
completely at pH 2. When pH was higher than 7, the he-
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magglutinating activity also declined, but more mildly; and
even at pH 13, 40% hemagglutinating activity remained.
So HEL was steadier in alkali conditions than in acid.
Fig. 5 is the emission spectra of HEL at different pH ex-
cited at 295 nm. The common character of emission spec-
tra in acid was that the emission apex declined and blue-
shifted. While in basic buffer, emission peak red-shifted
and also declined. The blue-shift of emission apex in acid
meant that the areas where Trp residues located became
more hydrophobic and maybe some negative amino acid
residues took part in maintaining the structure because H+

could make their carboxyl lose charge, and this change
destroyed the active center. In alkali conditions, though

Fig. 3        The changes of emission spectra of HEL (excited at 295
nm) at various temperature
1–5, the emission spectra of HEL after being incubated at 20 °C, 40 °C, 60 °C, 80
°C and 90 °C for 20 min respectively.

Fig. 4        The effect of various pH on HEL hemagglutination
activity

Supposing hemagglutination activity at pH 7 to be 100%.

hydrophobicity of active center became weak in some
measure, which made the hemagglutinating activity
decline, the structure of active center could be maintained.

In the experiment of fluorescence quenching, for a
simple, single-fluorophore or homogeneous system, fluo-
rescence quenching was analyzed according to Equation
(1), the Stern-Volmer Equation [11]:

][1 Q
0 QK

F
F +=                                                                  (1)

Here, F0 is the fluorescence in the absence of quencher, F
is the fluorescence at molar quencher concentration [Q],
and KQ is the Stern-Volmer quenching constant obtained
from the slope of a plot of F0/F versus [Q]. Equation (2) as
following [25] can be deduced from above equation:
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From a plot of F0/(F0–F) vs. 1/[Q], we can obtain the val-
ues of fm, the fraction accessible fluorescence. K is Stern-
Volmer constant of accessible fluorophore by quencher.
Quenched by acrylamide at five different concentrations,
the emission spectra of HEL excited at 295 nm were shown
in Fig. 6. As Fig. 7 (A) showed, a liner plot of F0/F vs. [Q]
was obtained, and KQ=0.75. Following equation (2), fm was
determined to be 0.96, which meant that 96% fluorescence
of tryptophan residues in HEL could be quenched by
acrylamide. Similarly, the fluorescence quenching by KI
was shown in Fig. 8 and Fig. 9, and its KQ=0.52 and fm=0.

Fig. 5        The changes of emission spectra of HEL (excited at 295
nm) at various pH
1, the emission spectrum at pH 7; 2–4, the emission spectra at pH 6, pH 4, pH 2,
respectively; 5–7, the emission spectra at pH 9, pH 11, pH 13, respectively.
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Fig. 6        Quenching of HEL intrinsic fluorescence spectra by
acrylamide
Excitation wavelength was at 295 nm. Concentration of acrylamide from top to
bottom were 0, 0.2, 0.4, 0.6, 0.8, and 1.0 M, respectively.

Fig. 7        Construction of the quenching of intrinsic fluorescence spectra by acrylamide
(A) The plot of F0/F vs. [Q]. (B) The plot of F0/(F0–F) vs. 1/[Q].

Fig. 8          Quenching of HEL intrinsic fluorescence spectra by
KI
Excitation wavelength was at 295 nm. Concentration of KI from top to bottom
were 0, 0.1, 0.2, 0.3, 0.4, 0.5 M, respectively.

Fig. 9        Construction of the quenching of intrinsic fluorescence spectra by KI
(A) The plot of F0/F vs. [Q]. (B) The plot of F0/(F0–F) vs. 1/[Q].
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42. Acrylamide quenched the fluorescence of indole de-
rivatives predominately by a collisional process, and was
insensitive to the change surrounding Trp fluorophores.
Thus, it can be used to assess the degree of exposure of
Trp residues of protein. The close approach of fluorophore
and quencher can be prevented by steric factors as well as
charged factors. Since a charged and hydrated quencher
such as iodide is sensitive to local charge effects, quench-
ing by this molecule can reveal the charged state of the
local environment around Trp fluorophores [13]. From re-
sults above, it was concluded that nearly all Trp residues
of HEL were on the surface of HEL molecules, and most
of them located in hydrophobic areas or negatively charged
areas, where iodide was hard to approach.

The results of amino acid modification were showed in
Table 1, Trp, Tyr and Asp or Glu (especially Trp) residues
were essential for the hemagglutinating activity of HEL.

The change of fluorescence spectrum in modifying Trp
residues of HEL was shown in Fig. 10. An obvious de-
cline of fluorescence spectrum was caused by modifica-
tion of Trp. According to the method of Spande et al. [14],
the number of Trp residues modified by NBS could be
calculated through Equation (3):

5500
31.1 r280

×
×∆×=

C
MAn                                                                  (3)

Here, n was the number of Trp residues modified by NBS,
∆A280 was the absorbance change at 280 nm, Mr was the
relative molecular weight, and C was the concentration of
protein. In the experiments of modifying the Trp residues
of HEL, for Aliquot 2, ∆A280=0.045, we could get n=11.6
(approx. 12); for Aliquot 4 containing 8 M urea, ∆A280=0.
047, and n=12.1(approx. 12). In Aliquot 2, the HEL mol-
ecule was in nature form, and NBS could only modify the
Trp residues on the surface of the molecule or in the shal-
low channels of surface. In Aliquot 4, the peptide chains
of the HEL molecule extended thoroughly in the solution
containing 8 M urea, NBS could modify all the Trp

Fig. 10        The decline of relative fluorescence density of HEL
during the modification of Trp

residues. So HEL had about 12 Trp residues and all of
them located on the surface of HEL molecules or in the
shallow channels of surface. This result also coincided with
that of fluorescence quenching study above. In Aliquot 3,
∆A280=0.016 and n=4.1(approx. 4), which showed that 8
Trp residues were protected by sialic acid. When the sialic
acid was removed by dialysis, the hemagglutinating activ-
ity of HEL recovered. This experiment proved that about
8 Trp residues were essential for the hemagglutinating ac-
tivity of HEL. What’s more, they were involved in the com-
position of carbohydrate-binding site so that they could be
protected by sialic acid. Because HEL is multivalent and
has four subunits in one molecule, to confirm how many
Trp residues in one carbohydrate-binding site needs fur-
ther research.

Modification of other acidic amino acid residues and
Tyr residues also led to the change of HEL hemagglutinat-
ing activity. When carboxyl of Glu or Asp residue was
modified, the hemagglutinating activity of HEL declined

Modified amino acid residues

Trp
Asp and Glu
His
Tyr
Arg
Ser and Thr

Modification reagent

NBS
EDC
DEPC
NBSF
1,2-cyclohexanedione
PMSF

Remained hemagglutinating activity of HEL (%)

0%
About 20%
100%
About 70%
100%
100%

Table 1        Effect of modification of amino acids on hemagglutinating activity of HEL
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obviously, and these residues could not be protected by
sialic acid, which meant that they played an important role
in the biological activity of HEL via maintaining the cru-
cial conformation of the sialic acid binding center instead
of touching the sialic acid directly [26] and their modifi-
cation resulted in the destruction of the crucial conforma-
tion of sialic acid binding center. Tyr residue also had some
effect on hemagglutinating activity of HEL, but it was not
very important. His, Arg and Ser or Thr residues had no
effect on hemagglutinating activity of HEL.

Conclusions

It had been found that the Trp residues located in the
hydrophobic micro areas on the surface or in the shallow
channels of surface of some lectin molecules were key to
their hemagglutinating activity, such as PCL [27] and MDL
[28]. In this paper, fluorescence spectrum and fluorescence
quenching were used to study the conformation of HEL:
the apex of emission spectrum excited at 295 nm blue-
shifted about 14 nm, which indicated that the Trp residues
were located in some hydrophobic areas; and quenching
of nearly all the Trp residues fluorescence by acrylamide
showed that most Trp residues should been near the sur-
face of the molecule [24]; the modification of Trp in natu-
ral HEL also confirmed this result. And it was also found
out the hemagglutinating activity of HEL were related to
the hydrophobic micro areas on the surface of HELwhere
Trp residues located. Chemical modification results showed
that Trp, Tyr and Asp or Glu were essential for hemagglu-
tinating activity of HEL and 8 special Trp residues were of
most importance.

In recent years, it was found some lectins had functions
of antitumor or antivirus in vitro, and some lectins could
inhibit the growth of bacteria or insects. It’s important and
interesting to study the mechanism of these functions. Now,
the study of HEL’s effects on cancer cells, virus, bacteria
and insects is going on, and this paper may provide some
clues.
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