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Abstract A dimeric lectin with a molecular weight of
60 kDa and high hemagglutinating activity was isolated
from fresh fruiting bodies of the wild mushroom Russula
delica. The lectin was composed of two identical subunits,
each with a molecular weight of 30 kDa. It was adsorbed on
both SP-Sepharose and Q-Sepharose and unadsorbed on
DEAE-cellulose. Its hemagglutinating activity was stable
up to 70°C, and in HCl and NaOH solutions of concen-
trations up to 25 and 12.5 mM, respectively. The activity
was inhibited by inulin and o-nitrophenyl-β-D-galactopyr-
anoside. Al3+, Fe3+ and Zn2+ ions, but not by Ca2+, Mg2+

and Mn2+ ions. Mg2+ ions at 10 mM concentration
potentiated the hemagglutinating activity of the lectin.
Russula delica lectin was devoid of mitogenic activity
toward mouse splenocytes, but potently inhibited prolifer-

ation of HepG2 hepatoma and MCF 7 breast cancer cells,
with an IC50 value of 0.88 µM and 0.52 µM, respectively. It
potently inhibited HIV-1 reverse transcriptase activity with
an IC50 of 0.26 μM.
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Introduction

Lectins are a kind of non-immunogenic proteins or
glycoproteins which selectively bind carbohydrates. Many
lectins can recognize specific antigens on the surface of
cells [1]. They are abundant in animals, plants and microbes
including higher fungi and mushrooms [1–3]. Extensive
investigations revealed that lectins participate in various
biological phenomena such as prevention and/or treatment
of cancer, and demonstrate immunomodulatory [4], anti-
proliferative [5], antitumor/cytotoxic [4, 6], mitogenic [7],
and hypotensive [3] activities. Because of these valuable
attributes, many investigators pay special attention to lectin
research. In recent years, more and more lectins have been
isolated from higher mushrooms including Agaricus bispo-
rus [5], Agrocybe cylindracea [6, 7], Flammulina velutipes
[8], Ganoderma lucidum [9], Grifola frondosa [10],
Tricholoma mongolicum [4], Volvariella volvacea [11, 12],
and Schizophyllum commune [13].

In view of the dearth of information pertaining to
proteinaceous components of Russula delica, we have
devoted our efforts to screen for new lectins in wild
mushrooms. We have now isolated a novel lectin from the
wild mushroom Russula delica. We found that Russula
delica lectin has potent activities and compared its
properties with those of other mushroom lectins.
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Materials and methods

Materials

Fresh fruiting bodies of the wild mushroom Russula delica
were collected in Yunnan province, China. DEAE-cellulose
was from Sigma Chemical Company, St. Louis, Missouri,
USA. SP-Sepharose and Q-Sepharose were from GE
Healthcare, China. The tumor cell lines MCF 7 (breast
adenocarcinoma) and HepG2 (hepatoma) were purchased
from American Type Culture Collection, USA. All other
chemicals used were of analytical grade. HIV-1 reverse
transcriptase ELISA kit was from Boehringer-Mannheim
(Germany).

Purification of lectin

Fresh Russula delica fruiting bodies (600 g) were
mashed, homogenized in distilled water, and then left to
extract overnight at 4°C. The homogenate was centri-
fuged at 14,000 g for 25 min. Then, the crude extract was
chromatographed on a 5×20 cm column of DEAE-
cellulose in 10 mM Tris-HCl buffer (pH 7.2). After
removal of the unadsorbed peak D1, adsorbed materials
were eluted stepwise with 200 mM NaCl and 1 M NaCl
in the same buffer, to yield peaks D2 and D3,
respectively. The unadsorbed peak D1, the only peak
with hemagglutinating activity, was chromatographed on
a 2.5×20 cm column of SP- Sepharose in 10 mM
NH4OAc (AA) buffer (pH 5.2). After elution of the
unadsorbed fraction SP1, adsorbed proteins were des-
orbed using a linear (0–1 M) NaCl gradient. Fraction SP3
with hemagglutinating activity was chromatographed on a
2.5×20 cm column of Q-Sepharose in 10 mM NH4HCO3

buffer (pH 9.3). After elution of unadsorbed fraction Q1,
adsorbed protein was eluted with a linear 0–1 M NaCl
gradient in the same buffer. Hemagglutinating activity
was confined to fraction Q3. The active fraction was then
dialyzed and applied to an FPLC-Superdex 75 HR10/30
column in 0.2 M NH4HCO3 (pH 8.5) using an AKTA
Purifier (GE Healthcare). The first peak represented
purified lectin.

Molecular weight determination and N-terminal amino acid
sequence analysis

The purified lectin was subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
for molecular weight determination in accordance with the
procedure of Laemmli and Favre [14].The N-terminal
sequence of Russula delica lectin was determined by using
a Hewlett-Packard HP G1000A Edman degradation unit
and an HP 1000 HPLC System [15].

Assay of hemagglutinating activity

Fifty microliters of a serial twofold dilution of the lectin
solution in a microtiter U-plate were mixed with 50 μl
of a 2% suspension of rabbit red blood cells in
phosphate-buffered saline (pH 7.2) at 20°C.The results
were read after about 1 h, when the blank had fully
sedimented. The hemagglutination titer, defined as the
reciprocal of the highest dilution exhibiting hemaggluti-
nation, was reckoned as one hemagglutination unit.
Specific activity is the number of hemagglutination
units/mg protein [15].

Effects of various carbohydrates on hemagglutination
activity

Serial twofold dilutions of sugar samples were prepared in
phosphate buffered saline (PBS). The different dilutions of
a sugar were mixed with an equal volume (25 μl) of a
solution of the lectin with 8 hemagglutination units. The
mixture was allowed to stand for 30 min at room
temperature, and then mixed with 50 μl of a 2% rabbit
erythrocyte suspension. The minimum concentration of the
sugar in the final reaction mixture, which completely
inhibited 8 hemagglutination units of the lectin preparation,
was calculated [16].

Effects of temperature on hemagglutinating activity

Aliquots of the lectin solution were kept separately at
different temperatures (10°C to 100°C, at 10°C intervals)
for 30 min. Then the hemagglutination activity was
determined [16].

Effects of HCl and NaOH solutions on hemagglutinating
activity

Aliquots of the lectin solution were preincubated sepa-
rately in 0.0125 M, 0.025 M, 0.05 M, 0.1 M, 0.2 M HCl
or NaOH solutions. Two hours later, an equal volume of
NaOH or HCl solution was added to achieve neutraliza-
tion. The hemagglutinating activity was determined. The
control group was treated with phosphate buffer saline
[16].

Effects of cations on hemagglutinating activity

The lectin sample was demetalized by dialysis ex-
haustively against 10 mM EDTA, and the hemagglu-
tination activity was then determined. The treated
lectin was incubated with one of the cations (Table 4)
for 2 h, and then the hemagglutination activity was
examined [15].
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Assay of antiproliferative activity on tumor cell lines

The antiproliferative activity of the purified lectin was
determined as follows. MCF-7 (breast adenocarcinoma) and
HepG2 (hepatoma) cells were cultured in RPMI medium
supplemented with 10% (v/v) fetal bovine serum (FBS),
100 mg/l streptomycin, and 100 IU/ml penicillin at 37°C in
a humidified atmosphere of 5% (v/v) CO2. Cells were
subsequently seeded into 96-well plates at a density of
2×103 cells/well, and incubated for 24 h. Different
concentrations of the lectin in 100 μl complete RPMI
medium were then added to the wells and incubated for
72 h. After that, [3-[4, 5-dimethythiazol-2-yl]-2,5-diphe-
nyltetrazolium bromide] (MTT) quantification assay was
carried out to measure viability of the cells. Briefly, 20 μl
of a 5 mg/ml MTT solution in phosphate buffered saline
was spiked into each well and the plates were incubated for
4 h. The plates were then centrifuged at 2,500 rpm for
5 min. The supernatant was carefully removed, and 150 μl
of dimethyl sulfoxide was added in each well to dissolve
the MTT-formazan formed at the bottom of the wells. After
10 min, absorbance at 590 nm was measured with a
microplate reader. As a control, PBS instead of lectin was
added into the wells [17].

Assay of mitogenic activity of lectin toward mouse
splenocytes

The assay was performed as described by Wang et al. [7].
Splenocytes were isolated from BALB/c mice. The cell
suspension was diluted with RPMI medium containing 10%
fetal bovine serum and then seeded (2×106cells/0.2 ml/well)
in 96-well microplates. The lectin was then added at various
concentrations. Cells cultured in the absence of lectin served
as control. The cells were incubated at 37°C in a humidified

atmosphere of 5% carbon dioxide for 24 h. They were found
to be viable after 24 h. During the last 6 h, the cells in one well
were pulsed with 0.5 μCi [3H-methyl] thymidine (specific
activity 5 μCi/mmol, GE Healthcare) in 10 μl and then
harvested onto a glass fiber filter using a cell harvester. The
radioactivity was determined using a Beckman scintillation
counter. The proliferative (mitogenic) response was
expressed as mean counts per min (cpm).

Assay for HIV reverse transcriptase (HIV RT) inhibitory
activity

The assay for HIV RT inhibitory activity was performed, as
described by Han et al. [13], using a non-radioactive
enzyme-linked immunosorbent assay (ELISA) kit from
Boehringer-Mannheim (Germany). The assay was carried
out as stated in the protocol that came with the kit, except
that each well contained 2 ng of recombinant HIV-1 reverse
transcriptase in a total reaction volume of 60 μl. It made
use of the ability of reverse transcriptase to synthesize
DNA, starting from the template/primer hybrid poly(A)-
oligo(dT)15. In this assay, nucleotides labeled with
digoxigenin and biotin in an optimized proportion were
incorporated into the DNA, which was freshly synthesized
by the reverse transcriptase (RT). The detection and
quantification of synthesized DNA as a parameter for RT
activity follows a sandwich ELISA protocol. The surface
of the microtiter plate modules, which had been coated
with streptavidin, allowed the binding of biotin-labeled
DNA. An antibody, which had been conjugated to

Fig. 1 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
Left lane: Russula delica lectin. Right lane: molecular mass standards,
from top downward: phosphorylase b (94 kDa), bovine serum albumin
(67 kDa), ovalbumin (43 kDa),carbonic anhydrase (30 kDa), soybean
trypsin inhibitor (20 kDa), and α-lactalbumin, (14.4 kDa)

Table 1 Yields and hemagglutinating activities of various chromato-
graphic fractions (from 600 g fresh Russula delica fruiting bodies)

Chromatographic
fraction

Yield
(mg)

Specific
hemagglutinating
activity (Titer/mg)

Purification
fold

Extract 1,975.4 218 1.0

D1 473.5 658 3.0

D2 440.1 120 0.6

D3 509.7 <40 –

SP1 40.2 <40 –

SP2 93.7 <40 –

SP3 80.0 2,820 12.9

SP4 120.5 170 0.8

Q1 14.2 <40 –

Q2 20.5 <40 –

Q3 22.1 7,160 32.8

SU1 6.3 17,180 78.8

SU2 2.9 220 1.0

SU3 5.8 <40 –

The lectin-enriched fractions are shown in bold
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peroxidase, to digoxigenin (anti-DIG-POD) was then used
to bind to the digoxigenin-labeled DNA. This was
followed by the addition of peroxidase substrate. The
peroxidase enzyme, conjugated to the antibody, then
catalysed cleavage of the substrate to produce a coloured
product. The absorbance was then measured at 405 nm
with a microtiter (ELISA) reader and then correlated to
the level of RT activity. A fixed amount (4–6 ng) of
recombinant HIV-1 reverse transcriptase was used. The
activity of inhibition exhibited by the lectin was deter-
mined as compared to a control without lectin.

Results

Purification of Russula delica lectin

Hemagglutinating activity was detected only in the unad-
sorbed fraction D1 from the DEAE- cellulose column,
Fraction SP3 eluted with a linear 0–1 M NaCl from the SP-
Sepharose column contained hemagglutinating activity.
Fraction Q3 eluted with a linear 0–1 M NaCl gradient
from Q-Sepharose was the only fraction with hemaggluti-
nating activity. Q3 was resolved on Superdex 75 into three
peaks: SU1, SU2 and SU3. The first peak SU1, but not the
second and third peaks, showed hemagglutinating activity.
The molecular weight of SU1, as judged from its elution
volume from the Superdex 75 gel filtration column, was
60 kDa. SU1 appeared as a single 30-kDa band in SDS-
polyacrylamide gel electrophoresis, indicating that it was a
dimer, and that the MWof the subunits was 30 kDa (Fig. 1).

The yields and specific hemagglutinating activities of the
various chromatographic fractions are given in Table 1. The
N-terminal sequence of the lectin was GLKLAKQFAL. It
demonstrated some similarity to lectins from Armillaria
luteo-virens and Pleurotus cornucopiae (Table 2).

Characterization of Russula delica lectin

Russula delica lectin was stable from 10°C to 70°C. Its
hemagglutination activity declined to 50% of the initial
activity at 80°C, to 12.5% of the initial activity at 90°C, and
to negligible levels at 100°C (Table 3). The lectin was
stable in 0.025 M HCl and 0.0125 M NaOH, while it was
completely destroyed in 0.1 M HCl and NaOH. In 0.05 M
HCl and NaOH, the activity declined to 25% of the initial
activity (Table 4). The hemagglutination activity was not
affected by treatment with Ca2+and Mn2+ ions. However,
the activity could be increased by adding 10 mM Mg2+ and
decreased by adding Al3+, Fe3+ and Zn2+ ions (Table 5).
Inulin and o-nitrophenyl-β-D-galactopyranoside inhibited
the activity of Russula delica lectin, with the minimum
inhibitory concentration of 50 mM and 25 mM, respective-
ly (Table 6).

Proliferation of HepG2 and MCF-7 cancer cells was
effectively inhibited by the lectin. When the lectin
concentration was 2 μM, the inhibition ratio achieved was
71.1% and 90.4%, respectively. The lectin inhibited HepG2
and MCF-e7 cells with an IC50 value of 0.88 µM and
0.52 µM, respectively (Fig. 2). At 0.08 μM, 0.4 μM and
2 μM, the lectin inhibited HIV-1 reverse transcriptase by
23.8%, 60.5% and 94.2%, respectively. The IC50 was
estimated to be 0.26 μM. The lectin lacked mitogenic
activity toward mouse splenocytes (Fig. 3).

Discussion

Russula delica lectin is a homodimeric lectin with a
molecular mass of 60 kDa. The N-terminal sequence of
this lectin, GLKLAKQFAL, has not been reported for other

Table 2 Comparison of N-terminal sequences of lectins from Russula
delica, Armillaria luteo-virens and Pleurotus cornucopiae

Russula delica lectin GLK · LAKQFA · L

Armillaria luteo-virens lectin G · · · · ·AKQTKWIV

Pleurotus cornucopiae lectin · MKTLAW · FVPL

_: Identical corresponding amino acids are underlined

·: Space created to maximize sequence similarity

HCl (M) 0.0125 0.025 0.05 0.1 0.2

Hemagglutinating activity (U) 16 16 4 0 0

NaOH (M) 0.0125 0.025 0.05 0.1 0.2

Hemagglutinating activity (U) 16 8 4 0 0

Table 4 Effect of NaOH and
HCl solution on hemagglutinat-
ing activity of Russula delica
lectin

Initial hemagglutinating activity
was 16 hemagglutinating units

Temperature
(°C)

10 20 30 40 50 60 70 80 90 100

Hemagglutinating
activity (U)

16 16 16 16 16 16 16 8 2 0

Table 3 Effect of temperature
on hemagglutinating activity of
Russula delica lectin

Initial hemagglutinating activity
was 16 hemagglutinating units
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lectins. It was stable at the moderately high temperature of
70°C and it could recognize the structures of both o-
nitrophenyl-β-D-galacto-pyranoside and inulin. The lectin
purified from Russula delica is dimeric, like lectins from
mushrooms including Schizophyllum commune [13], Armil-
laria luteo-virens [18], Agrocybe cylindracea [7], Coprinus
cinereus [19] and Oudemansiella platyphylla [20]. Howev-
er, it is unlike monomeric Flammulina velutipes lectin [8]
and tetrameric Hericium erinaceum lectin [21]. The isolated
lectin is similar in N-terminal sequence to two other Agaricales
lectins, Armillaria luteo-virens lectin and Pleurotus cornuco-
piae lectin. The protocol used was similar to the isolation
procedures previously employed for other mushroom lectins
[7, 12, 13, 16, 18], It comprised anionic and cationic
exchange chromatography and gel filtration. The lectin was
unadsorbed on DEAE-cellulose, but adsorbed on SP-
Sepharose and Q-Sepharose (Table 7).

The antiproliferative activity of Russula delica lectin is
in agreement with previous reports on lectins from the

mushrooms Agaricus bisporus [3, 5], Tricholoma mongol-
icum [4], Schizophyllum commune [13] and Pleurotus
ostreatus [16]. The lectin exerts a potent antiproliferative
effect on HepG2 and MCF7 cells, with an IC50 value of
0.88 µM and 0.52 µM, respectively. This activity is
extremely potent, with an IC50 at nanomolar concentrations.
Compared with many other lectins, Russula delica lectin
has a significant inhibitory activity toward HIV-1 reverse
transcriptase, with an IC50 value of 0.26 µM. It is possible
that the mechanism of inhibition is analogous to the
protein-protein interaction involved in the inhibition of
HIV-1reverse transcriptase by the homologous protease
[22]. The potency of inhibition (<1 µM) is high compared
with proteinaceous and non proteinaceous anti-HIV natural
products. It remains to be seen whether Russula delica
lectin can be applied in the areas of cancer therapy, AIDS
and immunoinsufficiency. Russula delica lectin is devoid of
mitogenic activity toward mouse splenocytes, in contrast to
lectins such as those from Agrocybe cylindracea [7] and
Tricholuma mongolicum [4, 17].

Russula delica lectin is unstable at temperatures above
70°C, and also at concentrations of HCl above 25 mM and
concentrations of NaOH above 12.5 mM. It has relatively
high thermostability since other mushroom lectins [23, 24],
except a few like Ganoderma capense lectin [25], cease to
be stable at a lower temperature. The hemagglutinating
activity of Russula delica lectin is attenuated in the
presence of cations including Al3+, Fe3+ and Zn2+ ions
and carbohydrates of inulin and o-nitrophenyl-β-D-
galactopyranoside. The attenuation of the hemagglutinating
activity of the lectin by Al3+ and Zn2+ ions is in contrast to
the potentiation of the hemagglutinating activity of Xero-
comus spadiceus lectin by the same ions [15]. The

Table 5 Effects of cations on hemagglutinating activity of Russula
delica lectin

Cation Concentration(mM)

10 5 2.5 1.25

Mg2+ 32 16 16 16

Mn2+ 16 16 16 16

Ca2+ 16 16 16 16

Zn2+ 0 0 8 8

Al3+ 0 0 8 8

Fe3+ 0 0 0 8

Initial hemagglutinating activity was 16 hemagglutinating units

Sugar (mM) 0.78 1.56 3.12 6.25 12.5 25 50 100 200

Inositol + + + + + + + + +

o-Nitrophenyl-β-D-galactopyranoside + + + + + − − − −
L(−)Sorbose + + + + + + + + +

Raffinose + + + + + + + + +

L(+)-Rhamnose + + + + + + + + +

D(−)-Fructose + + + + + + + + +

D(−)-Mannose + + + + + + + + +

Cellobiose + + + + + + + + +

L(+)-Arabinose + + + + + + + + +

D(+)-Xylose + + + + + + + + +

D-Melibiose + + + + + + + + +

α-Lactose + + + + + + + + +

Inulin + + + + + + − − −
Maltose + + + + + + + + +

D(+)-Galactose + + + + + + + + +

D-Glucose + + + + + + + + +

Table 6 Effect of various car-
bohydrates on hemagglutination
activity of Russula delica lectin

Initial hemagglutinating activity
was 8 hemagglutinating units,

+, hemagglutination, −, no
hemagglutination
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potentiation of its hemagglutinating activity by Mg2+ ions
is reminiscent of a similar observation on Con A. However,
the activity of Con A is also enhanced by Ca2+ and Mn2+

ions, whereas that of Russula delica lectin remains
unaffected. Mushroom lectins can be divided into different
groups, with each group having different carbohydrate-
binding specificities. For instance, one group can be
inhibited by glycoproteins and simple sugars, one inhibited
by glycoproteins but not by simple sugars, and another one
not inhibited by glycoproteins or simple sugars. Among the
various carbohydrates tested, inulin and o-nitrophenyl-β-D-
galactopyranoside were the only sugars capable of inhibit-
ing the hemagglutinating activity of Russula delica lectin,
and other sugars tested had no inhibitory effects on the
hemagglutinating activity of the lectin. This indicated that
the structure of Russula delica lectin is specific for the
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structures of inulin and o-nitrophenyl-β-D-galactopyrano-
side. Thus, immobilized Russula delica lectin can be used
as an affinity chromatography media for interactions with
molecules containing these sugars. In comparison, the
carbohydrate specificity of Russula delica lectin is similar
to that of Pleurotus citrinopileatus, but different from the
previously reported carbohydrate specificities of Cordyceps
militaris, Inocybe umbrinella and Boletus edulis which
were [27, 29, 30] (Table 7).

There are only four publications concerning Russula
delica in the literature. Literature on proteins from the
mushroom R. delica is completely lacking. The present
report is an addition to the meager literature. In summary,
Russula delica lectin has its unique features which provide
possibilities for application in antitumor therapy. Future
research work may include drug delivery investigation like
antitumor drug modification [26].
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