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Summary
Lentinula edodes was the first medicinal macrofungus to enter the realm of modern biotechnology. The present paper briefly reviews the history of the modern biotechnology of
this mushroom starting with the production of the polysaccharide preparation lentinan,
and ending with an overview of our own work regarding the production of lectins. Our
work with lectins has involved studies of the effect of initial pH, carbon and nitrogen
sources and the C:N ratio on lectin production in both the mycelium and culture medium.
We have shown that lectin activity is related to morphological development, with the activity being highest in extracts of the pigmented mycelial films that precede fruiting body
production.
Key words: submerged culture, Lentinula, lectins of higher fungi, brown mycelial film, molecular structure, quantum chemical study

Introduction
The production volume of mushrooms has increased
dramatically over the last several decades. For example,
the annual production of the popular Agaricus bisporus
has increased from 30 000 tonnes in 1970 to 300 000 tonnes in 2001 (1).
Mushrooms do not merely constitute a highly nutritious source of food. More recently, attention has focused
on a second area of exploitation, following the discovery
that many of these fungi produce a range of metabolites
of great interest to the pharmaceutical and food industries (2,3). As a result, the present-day mushroom industry is based on two main components: the application of
traditional, although modernized, techniques for the
production of fruiting bodies (i.e. mushrooms themselves) and the application of modern biotechnological
techniques to produce mushroom derivatives such as
nutriceuticals and dietary supplements (4). Products from

both mushroom crops and mushroom derivatives should
have a positive global impact on long-term food nutrition, health care, environmental conservation and regeneration, and economic and social change (4).
Whenever mushroom derivatives are the desired products, the disadvantages that traditional fruiting body
production suffers from are well known: relatively long
cultivation times and the possibility of variations in product quality due to unavoidable variations in growing
conditions. The advantage of submerged mushroom culture for the production of mushroom derivatives is clear:
mycelia formed by growing pure strains in submerged
culture under controlled conditions not only have a consistent composition, but are also safer (5,6).
One of the first macrofungi to be cultivated at large
scale in submerged culture was the basidiomycete Lentinula edodes (Berk.) Pegler, otherwise known as shiitake.
Over the last 30 years the morphology, life cycles and
genetics of shiitake have come under scrutiny and laid
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the foundations for current methods of selection and cultivation of this mushroom (7). The current paper briefly
reviews this history, and shows that we still have important gaps in our knowledge of the biochemical aspects
of L. edodes development and cultivation, especially in
liquid media. It then goes on to describe some of our recent work with submerged culture of this mushroom for
the production of lectins. It does not cover traditional
techniques for fruiting body production, since these topics have already been well reviewed (8–23).

Biosynthesis of Extracellular Polysaccharides
and Other Medicinal Substances
The medicinal properties of substances occurring in
higher basidiomycetes have become a subject of thorough
investigations (24). This is especially true for the shiitake
mushroom, the medicinal and therapeutic values of which
have been recognized for many decades (25). Mushrooms comprise a vast and yet largely untapped source
of powerful new pharmaceutical products, particularly
(and most importantly for modern medicine) representing a source of a large number of polysaccharides with
antitumor and immunostimulating properties (26). Their
practical application depends not only on their unique
properties but also on biotechnological availability. Isolation and purification of polysaccharides from mushroom material (i.e. intracellular polysaccharides from
mycelium and extracellular ones from culture broth) is
relatively simple and straightforward, and can be carried out with minimal effort (27,28).
The biochemical mechanisms that mediate the biological activity of polysaccharides are still not clearly
understood. What is obvious is that the (1®3)-b-glucan backbone is essential, and that the most active polymers have degrees of branching (DB) between 0.20 and
0.33 (i.e. a branch every three to five backbone residues).
(1®3)-b-Glucans that have b-glucopyranosyl units attached by (1®6) linkages as single unit branches enhance the immune system systemically (29). This enhancement results in antitumor, antibacterial, antiviral,
anticoagulatory and wound healing activities.
The currently available information about which polysaccharide properties are essential for immunocompetence
is not necessarily contradictive, although the conditions
that have been used for evaluating these properties are
not uniform. As a result, some data suggest that triple
helical structures formed from high molecular mass polymers are possibly important for immunopotentiating activity, while other data suggest that the activity is independent of any specifically ordered structure. Interpretation of these results is complicated by the fact that there
are still other data which indicate that it is the distribution of the branch units along the backbone chain that is
the main determinant of the activity. Futhermore, there
are data that indicate both that b-glucopyranosyl units
are required for immunopotentiating activity and that
the specific nature of the substituent is unimportant.
Finally, there are also data that indicate both that the
more water-soluble polymers are more active (up to a
certain DB) and that some insoluble aggregates are more
stimulatory than the soluble polymers. The best conclu-

231

sion at this time is that the immunopotentiating activity
of (1®3)-b-glucans depends on a helical conformation and
on the presence of hydrophilic groups located on the
outside surface of the helix.
Polysaccharides from mushrooms do not attack cancer cells directly, but produce their antitumor effects by
activating the immune responses of the host, stimulating
natural killer cells, T cells, B cells, and macrophage-dependent immune system responses (30). The immunomodulating action of mushroom polysaccharides is especially valuable as a means of prophylaxis (a mild and
non-invasive form of treatment), prevention of metastatic tumors, and as a co-treatment with chemotherapy.
The commercial polysaccharide »lentinan« from the
shiitake mushroom offers the most clinical evidence for
antitumor activity (26). In fact, lentinan is one of the first
three major drugs developed from medicinal mushrooms,
all three being b-glucans. Lentinan is produced in submerged, agitated liquid cultures, giving biomass concentrations between 7 and 8 g/L, with the lentinan yield
being greatest at pH=5 (31). Polysaccharides with similar infrared spectra to those obtained from the fruiting
bodies of L. edodes have been extracted from biomass and
from the culture liquid itself. There appears to be some
difference in the molecular composition of the intra- and
extracellular lentinan.
Lentinan produced extracellularly is much more effective in stimulating antibody production in mice than
that extracted either from fruiting bodies or from the biomass produced by fermentation methods. However, more
recently, lentinan has been extracted from L. edodes mycelium via a new cost-effective procedure that resulted
in high purity (88 %) and yield (32). Unlike previous studies, in which lentinan was given parenterally, in this
study it was administered orally. It was shown that the
antitumor efficacy was still expressed through this route
of administration.
More and more pharmacologically active metabolites from mushrooms are being isolated and tested. For
example, edible mushrooms including L. edodes have been
reported to have anti-hypertensive effects (33). As another example, the mycelium-free broth of L. edodes grown
in submerged liquid culture was bacteriostatic against Streptococcus pyogenes, Staphylococcus aureus and Bacillus megaterium, but had no antifungal activity against Candida
albicans (34). The substance responsible for the activity
was heat-stable, could be extracted with chloroform and
had a molecular mass under 10 000. These characteristics suggested that the component might be lenthionine,
an antibacterial and antifungal sulphur-containing compound. The culture fluid was less toxic to human tissue
culture cells than to microbes. The antibacterial activity
and the toxicity to human cells did not reside in the same
component.

Aflatoxin-Inhibiting Effect of Lentinula edodes
L. edodes filtrates and mycelia exhibit aflatoxin-inhibiting effects (35). In other words, they act as an external
stimulus affecting the antioxidant status in the toxin-producing fungus and this leads to inhibition of aflatoxin production. For example, culture filtrates of L.
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edodes added to potato dextrose broth inoculated with a
toxigenic strain of Aspergillus parasiticus Speare inhibited
aflatoxin production, with filtrates from 30-day-old static cultures and 15-day-old shaken cultures having the
highest inhibitory activity. In a similar study, when mycelia of L. edodes were incubated on wheat seeds for 20
and 30 days and then A. parasiticus was subsequently inoculated onto the seeds, growth of A. parasiticus and aflatoxin production were inhibited. This strategy could
potentially be used to control infection of grains by A.
parasiticus, thereby preventing aflatoxin production.
Some works shed light on the grounds for these effects by elucidating the factors that stimulate aflatoxin
production in the producing organism. The addition of
some halogenated alkanes (bromotrichloromethane, carbon tetrachloride and chloroform) to cultures of Aspergillus parasiticus and Aspergillus flavus stimulates aflatoxin biosynthesis significantly (36). The oxygen requirement
and antioxidant status of a toxigenic strain of A. parasiticus was compared with that of a nontoxicogenic strain
in the trophophase and idiophase of growth (37). In comparison with the nontoxigenic strain, for which the oxygen requirements were relatively unaltered at various
growth phases, the toxigenic strain exhibited greater oxygen requirements at trophophase, coinciding with the
onset of aflatoxin production. The activities of antioxidant enzymes such as xanthine oxidase, superoxide dismutase, and glutathione peroxidase and the mycelial contents of thiobarbituric acid-reactive substances, as well
as of reduced glutathione, were all enhanced during the
progression of the toxigenic strain from the trophophase
to the idiophase. The combined results suggest that aflatoxin production by the toxigenic strain may be a consequence of increased oxidative stress, leading to enhanced
lipid peroxidation and free radical generation.
The mechanism underlying the aflatoxin-inhibiting
effect of the Lentinula edodes culture filtrates was studied
by analyzing the antioxidant activity and b-glucan content of the filtrates (38). Lyophilized filtrates from submerged culture of L. edodes stimulated A. parasiticus to
produce antioxidant enzymes (superoxide dismutase, catalase and glutathione peroxidase), although aflatoxin inhibition was better correlated with the b-glucan content
than with the antioxidant activity of the filtrates. RT-PCR
analyses of culture-filtrate-treated mycelia of A. parasiticus showed a delay in the activation of aflR and norA,
genes of the aflatoxin cluster, and a synchronous activation of HSF2-like factor, a homologue of a yeast transcription factor involved in oxidative stress responses.
The delay of the transcription of the genes of the aflatoxin cluster led to a marked reduction of aflatoxin production. This research suggests that new perspectives
for setting suitable strategies against aflatoxins and L.
edodes should be considered as a promising tool.

Chemical Composition of Lentinula edodes in
Submerged Culture
Comparison of L. edodes with true xylotrophs and
humus saprotrophs cultivated under the conditions used
in commercial fungal production (39) revealed significant
differences. Firstly, the overall lipid content is different:

submerged mycelium contains up to 20 % (by dry mass)
lipids, while fruiting bodies contain only 3–4 %. Secondly, there are significant differences in composition. The
lipids of the fruiting bodies of L. edodes contain high levels of C16:0 fatty acids and C16:1 is present; the neutral
lipids of the fruiting body have a high monoglyceride
and free fatty acid content and a low triglyceride level;
and the main L. edodes phospholipids are phosphatidylethanolamine and cardiolipin. In contrast, the mycelium
produced in submerged culture has triglycerides and free
fatty acids as its main neutral lipids and the main constituents of its phospholipids are phosphatidylcholine and
cardiolipin.
The mycelium of Lentinula edodes grown in submerged
culture in laboratory fermentors contains 23–24 % (by
mass) proteins, 8–9 % lipids, up to 1.8 % phenolic substances, and a significant amount of inorganic substances, including calcium and iron (40). The fungus produces
up to 5.0 % (by mass) intracellular and about 3.5–4.0 g/L
extracellular polysaccharides.
The total carbohydrate content in the submerged mycelium of L. edodes (strains 182 and 198) is 47–48 % (41).
This last value (about 50 %) is very different from that (5
%) quoted in the previous paragraph, since it includes
all the structural and cytosol polysaccharides of the mycelium, not only the intra- and extracellular sugars. Free
carbohydrates of the cell cytosol amounted to 15 and 19
% of the total cell dry mass for the strains 182 and 198,
respectively, while structural carbohydrates amounted to
33 and 28 %, respectively. The qualitative composition of
carbohydrates was studied, which allowed for attribution of structural polysaccharides to hetero- and homoglycans with b- and a-glycoside bonds.

Pigmented Mycelial Film
The formation of pigmented mycelial film in submerged culture of L. edodes has proved an attractive and
interesting topic, from the aspect of both research and
production. It may be considered a step of morphogenesis peculiar to shiitake, normally followed by the formation of primordia and then fruiting bodies: a brown
mycelial film appears on the surface of mature mycelium and represents a dense network of intertwined pigmented hyphae with thick cell walls (42). We report further on studies involving this pigmented mycelial film
in the next section.

Studies of Lectin Production Carried Out by
Our Own Group
We now turn our attention to the results that our
own group has obtained working with L. edodes over the
last ten years. We have concentrated on the production
of lectins. We identified lectins in culture liquid and submerged mycelium produced under various culture conditions, studied the changes in lectin biosynthesis at different morphogenesis steps and observed the relationship
of pigmented mycelial film formation with lectin activity.
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Biotechnological potential of mushroom lectins
Among the metabolites of cultivated basidiomycetes, lectins hold a specific place. Lectins are defined as
proteins of non-immunoglobulin nature that are capable
of specific recognition and reversible binding to carbohydrate moieties of complex carbohydrates, without altering the covalent structure of any of the recognized
glycosyl ligands (43). The ability of lectins to affect cell
proliferation and cell adhesion by linking to cell surface
glycoconjugates is widely used in experimental biology,
cytology, genetics, and oncology (44,45). A number of
lectins have antiproliferative activity against human tumor cell lines, including leukemia cell line M1, human
monoblastic leukemia U937 cells and hepatoma cell line
HepG2 (46–48). A battery of other cultured tumor cell
lines was also studied, including S180 mouse sarcoma
cells (49,50). When S180 mouse sarcoma cells were incubated for 48 h with doses of a fungal lectin VVL (from
the mushroom Volvariella volvacea) ranging from 0.32 to
0.8 mM, prominent blebs on the cell surface and large
vacuoles in the cytoplasm, but not apoptotic bodies, were
observed (49). VVL activated the expression of cyclin kinase inhibitors and arrested cell proliferation by blocking sarcoma cell cycle progression. The lectin AAL (from
the mushroom Agrocybe aegerita) showed strong inhibition of the growth of human tumour cell lines HeLa,
SW480, SGC-7901, MGC80-3, BGC-823, HL-60. Zhao et
al. (50) concluded that AAL exerts its antitumour effects
via apoptosis-inducing and DNase activities.
Mushroom lectins show mitogenic activity toward
splenocytes (51,52) and mouse T cells (53) and also trigger the mitogenic proliferation of T lymphocytes and
Th1 cytokine production (54). Other promising immunomodulatory activities include enhancement of transcription of interleukin-2 (IL-2), interferon-g (IFN-g) and tumor necrosis factor-a (TNF-a) (55).
Lectins have important applications in microbiology
and clinical medicine. For example, they can be used to
discriminate in situ between extracellular polymers produced by different organisms in biofilms (56). They can
also contribute to overcoming the problem of xenotransplantation, since immobilized lectins can be used in the
isolation and characterization of the glycoproteins that
are responsible for hyperacute rejection of tissues and
organs from lower mammals to humans (57,58). The strict
specificity of some lectins for a-2,6-linked sialic acid makes
them a valuable tool for glycobiological studies in biomedical and cancer research (59,60).
The data strongly suggest that proteins, such as lectins and hemolysins, are responsible for most of the insecticidal activity of mushroom fruiting bodies and these
mushrooms may be a source of genes that can be taken
advantage of to protect plants against insects (61). Trigueros et al. (62) found that a ~15 kDa lectin, named XCL,
from the mushroom Xerocomus chrysenteron, is responsible for the insecticidal properties of this fungus. The
above lectin, either purified from mushroom or expressed
in vitro in E. coli, was toxic to insects such as the dipteran Drosophila melanogaster and the hemipteran Acyrthosiphon pisum (62).
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Production of Lentinula edodes lectins in submerged
culture
The vast majority of studies to locate mushroom lectins have focused on the fruiting body, but lectins can
also be produced in mycelial cultures of certain species
in vitro. Jeune et al. (63) pioneered the descriptions of
shiitake lectins, using the L. edodes carpophore for lectin
isolation. Our earlier work dealt with studying the lectin
activity of the culture liquid and mycelium from submerged cultures of several strains L. edodes (through hemagglutination tests); establishing the carbohydrate-binding specificities of the lectins that were found; and exploring the production of lectin activity as a function of
selected cultivation factors, including the inoculum size,
cultivation temperature, and the age of the culture (64,65).
In the submerged culture tests, we detected hemagglutinating activity in the culture liquid and the mycelia
for all the strains under study, grown in mineral medium for 21 days at 26 °C. The activity of mycelial extracts
was the greatest (and equal) for L. edodes strains F-249
and 2T, while the strain NY exhibited the lowest activity.
For all the strains, the culture liquids had hemagglutination titers that were at least 4-fold higher than those of
the corresponding mycelial extracts. In this respect strain
0779 stood out, with a culture broth activity 32-fold
higher than that of the mycelial extract. It therefore appears that a considerable amount of extracellular agglutinin is released into the culture medium. In order to
compare different strains cultured during equal periods
of time, we monitored the growth rates. The differences
with respect to hemagglutination activity from one strain
to another were much greater than the differences in their
growth rates.
The carbohydrate-binding specificities of the lectins
were determined in a hemagglutination-inhibition assay.
These specificities bear both similarities and distinctions
for the lectins from the culture liquid and mycelial extracts. For virtually all strains, the set of hemagglutination-inhibiting carbohydrates was wider for the culture
liquid than for the corresponding mycelial extract. Furthermore, inhibitory concentrations were always lower
for the culture liquid, two exceptions being provided by
glucosamine and galactosamine, with strain 0779. The
agglutinins of all the strains had high specificities for
galactose (apart from NY), lactose and, to a lesser extent,
maltose. For strain NY, the low specificity for galactose
was not the only distinction; its culture liquid also had a
relatively high specificity for two N-acetyl hexosamines.
In the case of the culture liquid of strain F-249, the inhibitory concentration was lowest for D-lactose. The value
practically coincided with the inhibitory concentration of
D-lactose for the culture liquids from strains 0779 and NY,
as well as with the value for D-galactose obtained with
the culture liquid of strain F-249. Other strains exhibited
lower specificity for galactose. In conclusion, the carbohydrates that contained galactose or glucose residues in
their structures (galactose, lactose and maltose) appeared
to be the best inhibitors in our study.
With respect to the effect of culture factors, changes
in lectin activity with culture age were not determined
by the growth rate alone. Under optimal conditions, the
lectin activity reached its stationary value in 14 days of
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culture (64,65). The lectin activity initially increased with
the inoculum concentration, but above a certain value
there was no further increase. The best inoculum (mycelium on agar) size was about one tenth of a 9-cm Petri
dish, or eight 5-mm discs (cut by a metal tool from agar
in a Petri dish), per 100 mL of liquid medium. The experiment on the effect of temperature confirmed once
again that lectin is not a purely growth-associated product: poor growth at temperatures lower or higher than
the optimal value of 26 °C was accompanied by a higher
lectin activity, and this was true for both the culture liquid and the mycelial extract.
We studied the effect of the C:N ratio on the activity
of extracellular lectins using D-glucose as the carbon
source (66). The hemagglutination titer in the growth
phase varied from 4 to 4096. The highest activity occurred between days 3 and 7, when an initial C:N ratio
of 17:1 was used. The lowest activity was obtained when
asparagine (Asn) was absent from the glucose-containing culture medium.
We also studied the effect of the carbon source on
the lectin activity (66). With sucrose as the carbon source,
the hemagglutination titer varied within a narrower range
(from 4 to 256), with the greatest lectin activity being observed on day 14. Similar to the previous series of experiments, the activity was minimal in a nitrogen-free
medium. L. edodes strain F-249 produced the highest lectin activity with L-arabinose, with the hemagglutination
titer varying between 512 and 8192 when the initial concentration of Asn (L-asparagine) was varied from 1 to 20
mM. In this case, the greatest activity of extracellular
lectins occurred with initial C:N ratios from 9.5:1 to 12:1
and between days 15 and 18. Amongst the other six
mono- and disaccharides used, the best was D-lactose (a
hemagglutination titer of 4096 on day 3); the worst was
D-mannose. The dependence of the logarithm of the hemagglutination titer on the age of the culture was similar
for all carbon sources, except for D-maltose. Note that
when sodium acetate was used as the carbon source, the
hemagglutination titer did not exceed 256 during the entire culture.
With respect to the effect of adding an additional nitrogen source (sodium nitrate or ammonium chloride),
the best hemagglutination activity was obtained with
the lowest concentration of inorganic nitrogen (in a situation in which the C:N ratio was 152:1) (66). Note that
Asn, in contrast to inorganic nitrogen, appeared to be
useful for the lectin activity (the minimal activity was
seen in the absence of Asn in glucose-containing culture,
see above).
Finally, we used D-glucose as the carbon source, in a
nitrogen-free medium, to study the dependence of the activity of extracellular lectins of L. edodes F-249 on the initial pH of the medium. The highest lectin activity occurred with initial pH values between 8 and 9. At initial
pH values of 2.0 and 2.5 no lectin activity was detected
up to days 9 and 12, respectively. At initial pH=3.0, on
day 12 the hemagglutination titer was 1/32 compared to
the initial value. The addition of a buffer to maintain the
pH at 7 did not lead to an increase in lectin activity in
the culture liquid, while the addition of 10 mM phosphate buffer containing 0.15 M NaCl decreased lectin activity (66).

Relationship of pigmented mycelial film formation
with lectin activity
We established the relationship between the process
of pigmented mycelial film formation and the extracellular lectin activity in the presence of divalent metal cations (M2+) and natural amino acids during cultivation of
L. edodes F-249 in liquid medium (67,68).
The involvement of L. edodes lectins in mycelial film
formation was confirmed by our earlier studies in which
mycelia were grown and allowed to fruit on agar-based
media (65). Firstly, the higher the hemagglutination titer
in extracts from the mycelia, the faster the mycelial film
formed and the higher the lectin activity of this film.
Mycelial film with maximum lectin activity gave subsequent fruiting. Secondly, lectin activity of L. edodes was
examined at different morphogenesis steps. The hemagglutination titers observed on different substrates (barley wort agar, wheat powder, oak sawdust) increased as
the morphology changed from mycelium to mycelial film,
and then decreased as the mycelial film produced the
primordia and the fruiting body (65). The fact that the
mycelial film possessed the maximum hemagglutinating
activity can be explained by the possible involvement of
agglutinins in the formation of the mycelial film, which
is composed of glued hyphae.
We added divalent cations in an attempt to improve
the formation of mycelial film of L. edodes F-249 in liquid
medium in an experiment that lasted 28 days. Mycelial
film formed in the presence of divalent calcium (concentration interval: 2 to 10 mM) or manganese (concentration interval: 0.5 to 2 mM) cations. With these cations,
the mycelial film was formed within 3 to 9 days after inoculation, depending on the cation concentration, whereas on the same growth medium, but in the absence of
cations, mycelial film only formed in two months. Mycelial film formation was characterized by an 8- to 128-fold decrease in hemagglutination titer of the culture liquid. For example, at the manganese(II) content of 2 mM,
the hemagglutination titer of the culture liquid diminished from 512 to 4 between the 5th and the 11th day of
growth. This correlated with the high lectin activity that
was obtained in extracts from the mycelial film.
Among the natural amino acids under study as nitrogen sources, and nine divalent metal cations as inorganic additives, the simultaneous use of Asn and either
Ca2+ or Mn2+ stimulated mycelial film formation, regardless of the age of the seed culture. In the absence of an
amino acid source in the nutrient medium, the cations
did not stimulate mycelial film formation. The positive
influence of Asn was most pronounced among the natural amino acids. The synergistic effect of Asn and calcium(II) or manganese(II) ions is understandable. In order to judge the role of Asn, it seems reasonable to make
two suppositions. Firstly, the important property of Asn
is its ability to bind metal ions in a solution. The electronic structure of Asn molecule must have the necessary dimensions, since structurally close amino acids do
not display the above stimulating effect. Secondly, the
carbohydrate-binding site of lectin probably contains an
Asn residue. Carbohydrates interact with lectins, among
other mechanisms (hydrophobic, van der Waals interactions, metal coordination), through complex networks of
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hydrogen bonds. The amide hydrogen and carbonyl oxygen of Asn in the binding sites of lectins are commonly
involved in such protein-carbohydrate interactions (69).
To get a better insight in this problem, quantum chemical calculations were done.
Glutamine (Gln) is the nearest structural analogue
of Asn, having an amide group (CONH2) on its side
chain. In spite of the fact that the Gln molecule differs
from the Asn molecule by a single methylene unit, the
addition of Gln to the medium does not have any detectable influence on the formation of mycelial film. It is
probable that the different chemical behavior of these
two structurally analogous compounds is related to different charges on probable reactive centers. The processes under consideration occur in aqueous solutions,
in which the amino acids exist in the form of zwitterions. By means of the restricted Hartree-Fock (RHF) formalism in the 6–31G(d) basis (70), we carried out ab initio computations of the electron structure of the Asn
and Gln zwitterions. The charge characteristics of probable reactive centers for both amino acids are very close
to each other. To elucidate other factors affecting the
chemical behavior of the two amino acids in their interaction with metal cations, we used software from the
HyperChem package to compute the QSAR quantities of
the Asn and Gln zwitterions. It appears that the distinct
reactivities of the two zwitterions are, to some extent,
due to their differential hydrophobicity. Asn, as a less
hydrophobic reactant, possesses a more firmly attached
hydrate shell and, consequently, in comparison with
Gln, bonds a metal cation less rigidly (in other words,
reversibly). Another reason for the differences between
Asn and Gln is the spatial factor. Starting from criteria
such as the van der Waals surface and the volume of a
molecule, one could search for fragments of appropriate
topology in the structure of the lectin on the basis of future data obtained by X-ray structural analysis.

The effect of metal cations on the production of lectins
The following series was established with respect to
decreasing positive effect on the amount of hemagglutination activity produced in the culture fluid: Mg > Ca
> Cu > Fe > Mn > Zn ~ Sn > Co > Ni. These metals differ greatly with respect to their positions in the periodic
table of the elements and to their properties. Therefore,
when dealing with such a complex property as the lectin activity, it would be best to compare series of metal
cations that are similar to each other with respect to their
most important characteristics (electronic configuration,
electrostatic potentialities in respect to complexation with
the oxygen-containing ligands). Consequently, we regarded the triad of iron, cobalt and nickel. All these elements are positioned in the fourth period and occupy
neighboring places in the periodic table (order numbers
are 26, 27 and 28, respectively). We tested the hypothesis
that the differences between cations are determined by
the thermodynamics of complexation reactions (i.e. by
the strength of the metal-oxygen bond) by carrying out
a quantum chemical ab initio study of the thermodynamics of reactions between hexaaqua complexes of iron(II),
cobalt(II), nickel(II) and the model compound ethylene
glycol, a typical chelating reagent and a simple analog
of carbohydrates. Our computations gave the capability
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of the cations to complex with ethylene glycol as being,
in descending order, Fe2+ > Co2+ >> Ni2+ (71). This order
is in agreement with the series of decreasing positive effect on lectin activity reported above.

Lectin activity and organoselenium compound
The lectin activity and growth characteristics of L.
edodes depended on the presence of selenium-containing
component DAPS-25 (1,5-diphenyl-3-selenopentanedione-1,5) in liquid and agar media (72). The addition of
DAPS-25 stimulated the accumulation of biomass of L.
edodes in both submerged cultivation and on agar medium. In the case of submerged cultivation, the stimulation was greatest for media that supported fast growth.
In the case of growth on agar media, the stimulation was
greatest for media that supported slow growth. The stimulation of the lectin activity of both culture liquid and
mycelial extracts of L. edodes by DAPS-25 was greatest in
the case of synthetic medium. In the absence of DAPS-25 this medium exhibits a high activity of extracellular
lectins but a relatively low lectin activity of mycelial extracts.
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