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Abstract: Adenosine, known as an endogenous neuroprotective agent and acting as a cytoprotective
modulator in organisms, is the subject of considerable scientific interest. Medicinal mushrooms
represent a good source of bioactive compounds due to their composition and potent adaptogenic
action, affecting more than 300 biochemical processes and functions in organisms. The aim of the
present study was to investigate adenosine precursors and biologically active peptides in cultured
fresh mycelium with focus on Ganoderma lucidum (Reishi) and Cordyceps sinensis as best studied
species. Biologically active extracts are derived by fermentation with Bacillus subtilis NBIMCC 2353
strain. Enhancement of the total proteolytic activity of Bacillus subtilis culture medium enriched with
native bovine collagen protein and mycelium was recorded. The results demonstrate a clear trend
of increasing cordycepin and adenosine content in the Cordyceps militaris sample grown in culture
medium with optimized composition, with the presence of cordycepin being 2.22% and adenosine
being 0.64%. The obtained increase was 1.9% for cordycepin and 0.24% for adenosine, respectively.
The application of combined biotechnological approaches in the use of biologically active components
from natural organic sources and the resulting final product with high biological activity determine
the present study as relevant and significant for its practical application.
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1. Introduction

Adenosine is essential for the proper functioning of every cell in the body. As a com-
ponent or precursor for RNA and DNA synthesis, and in its native form, adenosine acts
as a neurotransmitter at the P1 and P2 purine receptors [1]. Cordycepin from Cordyceps
sinensis is the main active constituent which is most widely studied for its medicinal value
along with its nutraceutical potential [2,3]. Thousands of wild mushrooms are known in
nature, of which about 600 species have been tested for their effects on human health [4,5].
Medicinal mushrooms produce valuable enzymes and bioactive molecules with differ-
ent therapeutic effects [6,7]. Therefore, they are considered as flourishing organisms to
develop different healthcare and biotechnological products [8]. All have been found to
exhibit immunomodulatory properties [9,10]. It was indicated that peptides from Gano-
derma lucidum blocked the soybean lipoxygenase activity and was analyzed as the major
antioxidant agent, particularly in inhibiting lipid peroxidation of biological systems [11].
The mushroom matrix contains several major groups of biologically active substances,
such as terpenes, sterols, functional polysaccharides, potent antioxidants, and inhibitors.
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Depending on the composition of the biological matrix, additional health effects are also
found, which determines the scientific interest in their use as a substrate for the preparation
of bioproducts with diverse functional activities.

Currently, no more than 10% of known fungal organisms are well studied [12], pro-
viding a tremendous opportunity to conduct research in this area, as well as to obtain
bioactive extracts for use in agriculture, the food industry, and pharmaceutics. According
to the published studies, the medicinal mushrooms appear to facilitate improvements in
different directions, e.g., quality of life, a reduction of side effects by conventional therapies,
hematologic parameters, antitumor activity, and immunomodulation, and furthermore
medicinal mushrooms seem to be safe [13]. The development of methods for the cultivation
of medicinal mushrooms in a controlled laboratory environment reveals a number of oppor-
tunities for achieving good results in the cultivation of different fungal strains [14]. Most
research related to the study of organisms of the fungal kingdom is aimed at controlled
cultivation, increasing the valuable biologically active substances in the biological matrix,
and applying the methods for isolation and incorporation into various formulations in the
production of products from the agricultural, food, and pharmaceutical industries. Notably,
cordycepin (30-deoxyadenosine, COR), discovered in the broth of Cordyceps militaris, has
received a large amount of attention due to its therapeutic potential, as well as its effects
on intracellular signal transduction and cell adhesion [15]. Successfully isolated, cordy-
cepin from Cordyceps militaris is used as a highly potent plant growth inhibitor [16]. The
present study is aimed at the development of technology for the preparation of biologically
active complexes of wild higher fungi and microbial cultures and their incorporation into a
functional product with targeted health effects.

2. Materials and Methods
2.1. Experimental Material

The following higher medicinal fungi were used as a sources for biologically active
compounds: Ganoderma Lucidum, Zhejiang Kangzhou Biotechnology Co., Ltd., Jinhua,
China; Ganoderma neo-japonicum OGGN]100 Out-Grow USA, Cordyceps sinensis OGCS100
Out-Grow USA, Cordyceps militaris OG1000CM Out-Grow USA, and Cordyceps militaris,
Shanghai- producer strain (used in the semi-industrial method), Zhejiang Kangzhou
Biotechnology Co., Ltd., Jinhua, China; Bacillus subtilis NBIMCC 2353 producer strain
provided by NBPMCC were used in fungal fermentation.

2.2. Cultivation Condition and Starter Cultures

The starter cultures were propagated in a standardized medium purchased from Out-
Grow USA provided in powdered form. Liquid medium was prepared by dissolving 6 g in
500 mL of distilled water heated to boiling while slowly homogenizing for 2-3 min. The
solution was filtered through 40-micron filter paper, and the filtrate was sterilized. Liquid
cultures were kept at 28 °C for 7 days with no light induction and 7 days on a light. Culture
growth is visually monitored from day 4 to day 14. In order to obtain a high number of
viable cells, the resulting inoculum was cultured in liquid culture medium MO and then
seeded in liquid and solid culture media. Four variants of enriched liquid nutrient media
(M1, M2, M3, and M4) were developed based on the M0 (control) nutrient medium with
the composition listed in Table 1.

For the optimal content of nutrients and inorganic elements of fresh mycelium fermen-
tation culture medium with different content was prepared. As carbon source, glucose and
dextrose were used. Mycelium of C. militaris, C. sinensis, G. lucidum, and G. neo-japonicum
was activated on a sterilized PDA medium plate and incubated at 25 °C in the darkness
for 7 days. The shake flask culture was run for 5-7 days and the fungal mycelium was
harvested from the flasks by filtration, and then dried to constant dry weight (dw). One
hundred milliliters of the sample with 10% of mycelium liquid seed was placed in a 500-mL
flask and cultured at 25 °C for 5 days in a shaking incubator at 110 rpm. The pH was
not adjusted, followed by autoclaving for 30 min at 121 °C. The culture experiments were
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performed in 500-mL glass jars containing basal medium after inoculation with 10% (v/7;
the biomass of fresh mycelium).

Table 1. Liquid culture media composition for fresh mycelial culture.

Media Composition Mo M1 M2 M3 M4
g/L Control

Potato Dextrose Agar 20 20 20 20 20
Peptone - 10 10 10 10

Yeast extract 6 6 6 6 6

Glucose - 25 25 - -
Dextrose 25 - - 25 25

Fructooligosaccharides (FOS) 5 5 5 5 5
MgSO4 x 7 H,O - 0.2 0.2 0.2 0.2
Vitamin B1 - - 0.03 0.03 0.03
KH,POy4 - - 0.1 0.1 0.1
Ko,HPOy4 - - 0.2 0.2 0.2
FeSO4 - - - - 0.1

The cell culture of Ganoderma lucidum, Ganoderma neo-japonicum, Cordyceps sinensis,
and Cordyceps militaris was cultured in the culture media (M0, M1, M2, M3, and M4) for
72 h at 28 rpm, shaking amplitude of 100 rpm with no light induction, then cultured in a
photoperiod of 16 h light (300 mL) to 8 h dark for a period of 12 days. In order to determine
the mycelium growth, an analytical method was additionally developed using the ratio of
the volume fractions occupied by the spheres of fresh mycelium to the remaining fraction
of the total volume occupied by the culture medium (Vm = Vp.p — Viiquia), where Viy
is volume of mycelial spheres, V., the total volume of the solution together with the
mycelium, and Viquiq the volume of the decanted culture medium.

2.3. Mycelial Cultivation on Solid Culture Media

The basic solid medium (S1) was formed by adding agar-agar to the M0. Enriched
nutrient media were obtained by adding additional organic sources, whole grain rice (52),
and old aged oak chips (S3) (Table 2). The dry ingredients were dissolved in 1 L of distilled
water, heated in a water bath to 60 °C until a gelatinous mass is obtained. The prepared
solution is dispensed into a 270 mL glass jar at a dose of 100 g. The jars are fitted with
an inoculation opening and a bactericidal filter with a pore size of 220 nm. The prepared
medium was inoculated with 5 mL of the liquid inoculum from the cell cultures (Ganoderma
lucidum KBGLO01, Ganoderma neo-japonicum GGN]J100, Cordiceps sinensis OGCS100, and
Cordiceps militaris OG1000CM), of which 25 doses were loaded for each individual culture.
The inoculated media were arranged in an incubator for controlling cultivation at 28 °C
and access to natural light.

Table 2. Media composition of solid culture for mycelium cultivation.

Media Composition

oL S1 S2 S3
Dextrose 20 20 20
Potato Dextrose Agar 5 5 5
Yeast hydrolysate 5 5 5
Agar 15 15 15
Whole grain rise - 200 -
Oak sawdust - - 200

2.4. Cultivation of Bacteria

Optimizations of Bacillus subtilis NBIMCC 2353 culture medium composition were
performed in order to enhance the total enzyme activity by addition of native bovine
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collagen protein and mycelium of Ganoderma neo-japonicum, Ganoderma lucidum, Cordyceps
sinensis, and Cordyceps militaris. Different concentrations of native bovine collagen were
added to the control medium (K) at pH = 8. The composition of the media (P1-P3) is listed
in Table 3.

Table 3. Media composition for cultivation of Bacillus subtilis NBIMCC 2353.

Media Composition Control Media

oL oL P1 P2 P3 P4 P5
Meat extract 10 10 10 10 10 10
Peptone 10 10 10 10 10 10
Yeast extract 1.5 1.5 1.5 1.5 1.5 1.5
Fructooligosaccharides (FOS) 1 1 1 1 1 1
NaCl 5 5 5 5 5 5
KoyHPOy 1.3 1.3 1.3 1.3 1.3 1.3
MgSO, 0.3 0.3 0.3 0.3 0.3 0.3
Native bovine collagen - 40 - - - -
GNJM - - 40 - - -
GLM - - - 40 - -
CSM - - - - 40 -
CMM - - - - - 40

One milliliter of Bacillus subtilis NBIMCC 2353 culture was inoculated into 100 mL of
culture medium. The process of colony formation and growth was carried out at 30 °C
and shaking amplitude of 100 rpm. Aliquots of each culture medium were separated to
determine the proteolytic activity immediately before the initiation of the process, after 24,
48, and 72 h, respectively.

2.5. Quantification of Adenosine and Cordycepin Content in Fungal Mycelium and Fruiting Body
Crude by High-Performance Liquid Chromatography (HPLC)

HPLC analysis for adenosine and cordycepin quantification was performed using an
HP Agilent 1260 Infinity Quaternary LC instrument, DAD (A = 260 nm), Agilent Poroshell
120 HPH-C18, (4.6 x 100 mm, 2.7 um), elution mode isocratic mode with eluent rate
0.7 mL/min, Run (15 min) and liquid phase with composition: (A) H,O: MeOH [92:8], (B)
HyO:MeOH [85:15], A:B (98:2). Aliquots of the extracts were diluted with MeOH (50%)
at a concentration of 100 mg/mL. The samples were sonicated until complete dissolution
and filtered with a 220 nm pore size cartridge filter before injection. Reference standards
of adenosine (A9521) and cordycepin (C3394) from Sigma Aldrich were used. A standard
solution containing a mixture of the two standards at a concentration of 100 ug/mL was
prepared and used to generate a calibration curve. The calibration solutions were diluted
with MeOH (50%) over the linearity range, with concentrations of 25 ug/mL, 50 pg/mL,
and 100 pg/mL, respectively.

2.6. Determination of Antioxidant Activity

A standard DPPH-radical neutralizing tocopherol substance and a calibration curve
were used, considering the results for the presence of antioxidant activity. For the determi-
nation of antioxidant activity, to 0.3 mL of DPPH solution (0.2 mmol) was added 0.5 mL
of methanol and 0.5 mL of a 1 mg/mL solution of the medicinal mushrooms extract. The
prepared solution was well mixed, homogenized, and allowed to stand in the dark at room
temperature for 120 min. The absorbance was measured at 517 nm against methanol as
standard. Trolox solutions with concentrations from 0.50 to 3.0 pg/mL are used for the
standard straight. For the spectrophotometric analysis UV-Vis spectrophotometer, model
Biochrom Libra S20 was used.
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2.7. Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis (SDS-PAGE)

In order to determine protein fractions, an SDS-PAGE was performed. A 6.0% pooling
gel and a 12% separating gel were prepared. The lyophilized mycelial samples of Garno-
derma lucidum, Ganoderma neo-japonicum, Cordyceps sinensis, and Cordyceps millitaris were
rehydrated in deionized water at a concentration of the resulting solution of 200 mg/mL
and centrifuged for 10 min at 4 °C and at speed of 8000 rpm on a Beckman centrifuge.
For final sample preparation, 1 part of the supernatant was mixed with 1 part of sample
buffer containing 0.2 M Tris HCL (pH 6.8). A protein electrophoresis system, Pharmacia
LCB MultiDrive XL equipped with OmniPAGE WAVE Electrophoresis System, was used.
Electrophoresis was performed at a running condition of 30 mA and an initial voltage of
105V for 200 min. The gel was stained with a Coomassie brilliant blue G—250 stain solution
for 30 min. The protein purity was calculated densitometrically on an “ERI-10”. Gel reading
and molecular mass calculations were performed using Gel Analyzer-19 software. The
following markers were used: Sigma marker, Mix 5, STD (BSA, Lc, Lg, La), and BSA.

3. Results
3.1. Frooting Body Cultivation

It was found experimentally that the best mycelial growth occurred in medium M2
containing glucose as carbon source, followed by M4 and M3, M1, and the lowest growth
was observed in control medium MO0. From the evaluation, the culture medium M2 was
selected for subsequent myecelial cultivation. During mycelial development, connected
cellular structures in the form of hyphae are formed by the multiplication of the fungal
cell culture, representing channels for the transport of nutrients and water for nutrition.
Thus, part of the solution from the nutrient medium passes into the hyphae. By measuring
the volume of unused nutrient medium, the growth of the mycelium is determined. The
resulting mycelial culture is subjected to fermentation with fresh Bacillus subtilis cell culture
in order to produce the biologically active extract and, further, a functional product.

A total of 5000 L of working media were prepared, 2500 L of IM1 media and 2500 L of
IM2 media, respectively. The resulting working media were poured into 12,500 x 750 mL
jars, filled to a volume of 200 mL for IM1 medium and 12,500 jars for IM2 medium. After
sterilization, the media were inoculated with a liquid cell culture of Cordyceps militaris—
Shanghai producer strain (Figure 1).

Figure 1. Cordyceps militaris fruiting body cultivation—Shanghai.
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The analysis of the data obtained shows that in IM1 medium, the amount of fresh
fruit body obtained represents 35% relative to the feedstock, the mycelial culture represents
92.5% relative to the feedstock, and the total amount of feedstock for the production of
extracts represents 127.5% relative to the feedstock.

In medium IM2, the amount of fruit body obtained represents 55% relative to the
starting feedstock, the mycelial culture represents 96% relative to the starting feedstock,
and the total amount of raw material for the production of extracts represents 151% relative
to the starting feedstock.

This result indicates that under these culture conditions, the total amount of substrates
in the system in IM1 medium increased by 27.5% and in IM2 medium increased by 51%,
which is probably due to the nitrogen, carbon dioxide, and water absorbed from the air. The
total amount of raw materials obtained from conducting the experiment was 937.5 kg of
fresh mycelial culture and 450 kg of fresh fruiting body. The raw materials were subjected
to extraction by fermentation and lyophilized.

3.2. Enhancement of Total Proteolytic Activity

Total proteolytic enzyme activity was measured as proteolytic units per milliliter and
found to be highest at 48 h post inoculation (Table 4). Compared to the control, higher
proteolytic activity was found when protein sources were added. Higher proteolytic activity
was found in the variants with added fungal substrate compared to the variant with added
collagen. This is probably due to the richer composition of the fungal mycelium relative to
collagen. This warrants the use of this approach in the development of the new product
technology.

Table 4. Proteolytic activity of Bacillus subtilis in medium supplemented with native bovine collagen
protein and mycelium.

Medium PU/mL,24h PU/mL, 48 h PU/mL, 72 h
K 1.38 £ 0.004 2.27 £ 0.006 1.89 £+ 0.003
P1 15.74 + 0.006 23.74 £+ 0.007 19.71 £ 0.005
P2 17.37 £ 0.004 26.83 £+ 0.008 22.18 £+ 0.007
P3 18.34 £+ 0.007 30.57 £ 0.006 25.47 £ 0.008
P4 14.91 £ 0.003 24.42 £+ 0.007 20.56 £ 0.005
P5 13.67 £ 0.005 21.51 £ 0.007 17.85 £ 0.004

PU—Proteolytic Units; K—Control, Pl—medium with added native bovine collagen, P2—medium with added
mycelium of Ganoderma neo-japonicum, P3—medium with added mycelium of Ganoderma lucidum, PA—medium
with added mycelium of Cordyceps sinensis and P5—medium with added mycelium of Cordyceps militaris.

Enhancement of chitinase enzyme activity of Bacillus subtilis culture medium via the
addition of non-hydrolyzed live mycelial fragments of four medicinal mushroom species,
i.e., Ganoderma lucidum, Ganoderma neo-japonicum, Cordyceps sinensis, Cordyceps militaris, and
shrimp shell chitin. There was a trend of increase in chitinase enzyme activity on addition
of components containing chitin from shrimp and fresh mycelium. The reported chitinase
enzyme activity of the media with added fresh mycelium of fungi was higher compared
to the variant with added shrimp chitin and the control media (Table 5). Based on the
results, it can be assumed that Bacillus subtilis is a suitable producer strain for use in a
biotechnological process for the enzymatic digestion of mushroom substrate from fresh
mycelium and can be successfully applied in the production of the functional product
under development. Considering the highest reported result at the 48th hour, a two-day
processing cycle can be envisaged in the production technology.
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Table 5. Chitinase enzyme activity of Bacillus subtilis.
Chitinase Activity Chitinase Activity Chitinase Activity
Media (U/mL) Recorded (U/mL) Recorded (U/mL) Recorded
after24 h after48 h after 72 h
Control (K) 4.37 £ 0.002 8.65 £ 0.001 6.83 £ 0.006
CH1 32.57 £ 0.007 40.86 £ 0.006 37.68 & 0.007
CH2 33.78 £ 0.007 41.62 £ 0.003 38.43 4 0.002
CH3 34.46 + 0.007 42.73 £+ 0.003 39.58 £ 0.002
CH4 31.64 + 0.007 39.93 £ 0.003 36.82 £ 0.006
CHS5 33.47 £ 0.007 41.29 £ 0.003 38.62 £ 0.004

3.3. Analysing of Antioxidant Activity

Table 6 presents the result of a spectrophotometric assay for the determination of
antioxidant activity in mushroom mycelium extracts. A calibration curve was developed
to calculate the results obtained using a standard DPPH radical neutralizing tocopherol
substance. The results are presented as tocopherol antioxidant equivalent capacity (TEAC).

Table 6. Spectrophotometric assay for the determination of antioxidant activity in mushroom
mycelium extracts.

Sample TEAC mg/g STD + mg/g STD%
CMEF
(Industrial-st) 0.71 0.042 4.71
CMM
(Industrial) 0.67 0.003 0.33
CSM
(Industrial) 0.50 0.008 1.19
GLM
(Industrial) 1.18 0.062 4.77
CMFB
(Industrial-opt) 1.85 0.019 1.02
CMFresh 0.65 0.018 3.24
CSFresh 0.10 0.021 5.70
GLFresh 0.09 0.02 5.47
GNJFresh 0.15 0.005 1.19

TEAC—Tocopherol antioxidant equivalent capacity. CMF (Industrial-st) Cordyceps millitaris fetal part industrially
glued according to standard method, CMM (Industrial)—Cordyceps millitaris—mycelium industrially glued, CSM
(Industrial)}—Cordyceps cinensis—mycelium industrially glued, GLM (Industrial) —Ganoderma lucidum—mycelium
industrially glued, CMFB (Industrial-opt) Cordyceps millitaris fetus partially industrially decanted by optimized
method, CMFresh—fresh mycelium from Cordyceps millitaris, CSFresh—fresh mycelium from Cordyceps sinensis,
GLFresh—fresh mycelium from Ganoderma lucidum, GNJFresh—fresh mycelium from Ganoderma neo-japonicum.

The results obtained from the Cordyceps militaris extract cultured under industrial
conditions by the optimized method demonstrated higher antioxidant activity against the
DPPH- radical, which correlated with the results obtained for the total phenolic content.
Also, a difference between the fresh mycelium samples versus the other samples of the
adult fungal cultures is clearly visible. This is probably due to the fact that at the initial
stage of cultivation, the accumulation of substances with antioxidant activity is low, and
it is more likely at this stage that enzymes involved in fungal metabolism are present in
the myecelial cultures. This highlights the possibility of targeting the cultivation model
according to the need to obtain a biologically active extract. In cases where a high presence
of phenolic compounds with high antioxidant activity is required, the optimized cultivation
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method should be applied up to the fruiting body stage, and in cases where the production
of a biologically active extract with high enzymatic activity is required, the fresh mycelial
culture method should be applied.

3.4. Determination of Cordycepin and Adenosine Derivative Content

HPLC analysis was performed for the determination of cordycepin and adenosine
derivatives. The results of the study are presented in Table 7.

Table 7. HPLC analysis for the determination of cordycepin and adenosine derivatives.

(Im?ule:/r[ial) (Incixs;::ial) (Ingxz[ial) (Optimaﬁl\l/f'll\c/llustrial), CMFresh  CSFresh  GLFresh  GNJFresh
Adenosins Dry % 03 0.59 0.4 0.64 0.09 0.12 0.1 0.05
Ader[‘gfg;f;ry ¢ 29.94 59.14 40.35 64.22 8.46 12.16 10.54 452
Cordycepins Dry % 0.09 0.28 0.32 222 0.08 0.05 0.1 0.11
Cordycepins Dry ¢ 9.01 283 32.25 221.69 7.83 488 9.72 10.79
[mg/g]

GLM (Industrial)}—Ganoderma lucidum Mycelium industrially grown, CSM—Cordyceps sinensis mycelium industri-
ally grown, CMM (Industrial)—Cordyceps militaris mycelium industrially grown, CMFresh—Cordyceps militaris
fresh mycelium, CSFresh—Cordyceps sinensis fresh mycelium, GLFresh—Ganoderma lucidum fresh mycelium,
GNJFresh—Ganoderma neo-japonicum fresh mycelium.

The results presented in Table 7, demonstrate a clear trend of increasing cordycepin
and adenosine content in the Cordyceps militaris sample cultured in the culture medium
with optimized composition, with the presence of cordycepin being 2.22% and adenosine
0.64%, while in the Cordyceps militaris sample cultured in the culture medium with standard
composition it was 0.32% and 0.4% for cordycepin and adenosine, respectively. The realized
increase was 1.9% for cordycepin and 0.24% for adenosine, respectively. Representative
HPLC chromatograms of the adenosine and cordycepin derivatives before and after the
optimization of the method for cultivation of Cordyceps militaris and the corresponding
standards have been added as Supplementary Materials (Figure S1). This result shows that
the culture medium with the optimized composition in terms of increasing the cordycepin
content can be successfully applied for laboratory and industrial production in small and
large volumes. Additionally, a comparison of cordycepin and adenosine content data in
mycelium samples cultured for nine months versus fresh mycelium samples laboratory
grown in liquid medium for a period of 72 h were made. The results showed lower contents
of the target substances in samples of fresh mycelium cultured in the laboratory compared
to samples of mycelium grown industrially over a period of nine months. This is an
expected result due to the fact that, during the initial phase of cultivation, during the first
72 h, intense enzymatic reactions take place in the mycelial culture leading to the utilization
of a greater amount of adenosine and consequently a lower synthesis of its derivative
substance cordycepin. This result demonstrates the fact that the use of mycelial culture for
enzyme production is most productive in the interval up to 72 h.

3.5. SDS-PAGE

In order to determine protein fractions, an SDS-PAGE was performed [17]. Experimen-
tal demonstration of the presence of biologically active components in mycelial extracts
of Ganoderma neo-japonicum, Ganoderma lucidum, Cordyceps sinensis, and fruiting body of
Cordyceps militaris by the detection of proteins of different molecular mass was performed
(Figure 2). A biochemical study was carried out on the protein spectrum of experimental
samples of medicinal mushrooms and a culture sample of Bacillus subtilis NBIMCC 2353
according to the method of Laemmli [18].

The analysis of the protein spectrum of the culture fluid reported the presence of
protein fractions with molecular masses ranging from 21 to 45 kDa. The molecule weights
of major proteins in Cordyceps samples were from 6.5 to 97.2 kDa. The fractions of molec-
ular mass of 27.7 kDa correspond to the enzyme nattokinase. Nattokinase, an enzyme
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secreted by B. subtilis, has been proven to exhibit fibrinolytic activity, in addition to its
other beneficial effects, such as anti-coagulation, anti-atherosclerosis, anti-hypertension,
and neuroprotection [19-22].
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Figure 2. Polyacrylamide gel electrophoresis of medicinal mushroom samples of Cordyceps millitaris
(fresh mycelium (1) and hydrolysate (2), Ganoderma neo-japonicum (fresh mycelium (3)) and Bacillus
subtilis NBIMCC 2353 (8) cultured strain sample. Test mixture of proteins of known molecular weight
and Bovine serum albumin (66.4 kDA) were used as a standard.

4. Discussion

For more than three decades, medicinal mushrooms have been approved in east Asian
countries as an adjunct to standard cancer treatments and have an extensive clinical history
of safe use as a single agent or in combination with chemotherapy [13,23].

Cultivation methods were refined with time, with respect to the knowledge regarding
suitable substrates to grow for certain mushroom species, optimal temperature, initial pH
requirement, white light, influence of heavy metal, aseptic techniques, and ways to curb
diseases and pests to yield good harvest [17,24,25]. Water and ethanol mixture, used for the
separation of cordycepin from Cordyceps militaris by a one-step extraction process, could be
successfully applied as cost effective with high yield and purity cordycepin production [26].
Methods of near-infrared (NIRS) spectroscopy, compared with the high-performance liquid
chromatography, used to predict adenosine and cordycepin concentrations in fruiting
bodies of medicinal mushrooms provided excellent accuracy with minimal sample prepa-
ration [27].

Comparing the antimicrobial [28], antioxidant, and cytotoxic properties of the methanol
extracts from fruiting bodies and fermented mycelia of C. militaris, the results revealed
the stronger DPPH radical scavenging activity, while the fermented mycelia had stronger
total antioxidant capacity, chelating ability, and reducing power, from which it could be
suggested that they had their own role and worked in different ways [29].

The bioactive compounds presented in G. lucidum which can have immune system
enhancement properties make it very special and classified under Host Defense Potentiators
(HDP) [30,31]. Ganoderma research, specifically regarding its clinical aspects, requires more
supportive clarifications for the dosage and side effects in human beings. The mechanism
of action of different bioactive molecules isolated from G. lucidum is yet to be elucidated.
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A technological model for the creation of a biologically active product based on organic
sources has been developed. Extracts obtained as a result of the cultivation of medicinal
fungi Ganoderma lucidum, Ganoderma neo-japonicum, Cordyceps sinensis, Cordyceps militaris,
and the bacterial producer strain Bacillus subtilis were selected as the starting material for
the production of the functional product.

The results obtained from the Cordyceps militaris extract cultured under industrial
conditions by the optimized method demonstrated higher antioxidant activity against the
DPPH- radical, which correlated with the results obtained for the total phenolic content.
Also, a difference between the fresh mycelium samples versus the other samples of the adult
fungal cultures is clearly visible. This is probably due to the fact that at the initial stage of
cultivation, the accumulation of substances with antioxidant activity is low, and it is more
likely at this stage that enzymes involved in fungal metabolism are present in the mycelial
cultures. This highlights the possibility of targeting the cultivation model according to
the need to obtain a biologically active extract. In cases where a high presence of phenolic
compounds with high antioxidant activity is required, the optimized cultivation method
should be applied up to the fruiting body stage, and in cases where the production of a
biologically active extract with high enzymatic activity is required, the fresh mycelial culture
method should be applied. Many of the enzymes produced by medicinal mushrooms are
themselves biologically active substances. This is the case of metalloproteases, which, in
addition to their proteolytic activity, also exhibit fibrinolytic action. The substance with the
strongest antioxidant properties found in nature, namely the enzyme superoxide dismutase
(SOD), classified with the enzyme code EC 1.15.1.1, is found in a variety of organisms,
but in greater quantities in medicinal mushrooms [11]. Now that the medical community
recognizes the stimulating properties of mushrooms, the combined market for gourmet
products and medicinal foods is growing rapidly. By optimizing cultivation methods, it
is possible to grow wild species under controlled condition that cannot be cultivated in
an open place other than their natural habitat. As the example case is the wild strain
of Cordyceps sinensis, which grows naturally at altitudes above 4000 m above sea level,
under laboratory conditions, the DNA code of the wild strain of Cordyceps sinensis has
been manipulated using snake venom protein to produce a hybrid, thus producing the
best-known strain for laboratory cultivation, CS-4 [32]. C5-4 has been cultivated massively
to produce a myecelial culture in liquid reactors and to obtain a rich biologically active
extract with a composition very similar to that of wild Cordyceps sinensis, which is found in
the mountainous region of Tibet, at altitudes above 4000 m above sea level.

Ganoderma (approximately seven species, including Ganoderma lucidum (Red Reishi),
Ganoderma neo-japonicum (Black Reishi), and Ganoderma aplantu) is the most applied mush-
room for medicinal purposes, possessing various therapeutic properties, such as anticancer
activity, antioxidant, anti-inflammatory, antiallergic, and neuroprotective properties, and
has a beneficial effect on the liver and kidneys, showing antiviral and antibacterial activ-
ity. Extracts with a high content of biologically active substances are used to strengthen
the immune system, for prophylaxis in cardiovascular diseases, hypertension, diabetes,
respiratory and gastrointestinal disorders, immunodeficiency states, etc. [7,33].

Bacillus subtilis has established itself in industry as a producer strain of various biologi-
cally active substances and enzymes leading to high total proteolytic, fibrinolytic, cellulase,
phytinase, lipase, amylase, betaglucanase, and chitinase activities [34].

At the present report a fresh mycelium in spherical form was obtained which could be
easily separated from the liquid phase of the culture medium, improving the speed of the
production cycle. By adding native (non-hydrolyzed fragments) biopolymers, including
specific proteins, chitin, etc., to the culture medium composition, the culturing process was
successfully directed towards a higher production of peptides with targeted enzymatic
activity (general proteolytic, fibrinolytic, cellulase, betaglucanase, chitinase). For this, the
composition of the culture media was optimized by adding an industrially obtained extract
of Ganoderma lucidum and Cordyceps sinensis with a high content (40%, [wt] of 3-glucans).
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Of immense interest for the production of biologically active extracts of medicinal
mushrooms is freeze-drying, in which the solvent is sublimated under vacuum conditions
and separated from the processed extract [35], and the solutes remain in the dried raw
material.

The biological power embodied in the mycelium remains a largely untapped resource.
Experiments and developments with mushroom mycelium will enable any farm, recycling
centers, businesses, and individuals with a direct economic and environmental interest
to achieve good results [36]. Prospects will be opened for better exploitation of all the
advantages derived from the cultivation and processing of mushrooms to obtain valuable
products for medicinal and prophylactic use. There were reports that with the extraction
rate of adenosine as an index, the critical factors were extracting temperature, extracting
time, and solid-liquid ratio [37].

Several pharmacologically active compounds have been reported from Cordyceps
militaris, and among those, cordycepin has gained additional attention due to its wide
spectrum of cellular and biological action [5,38]. Cordycepin and its related analogues have
remarkable clinical health effects [3], including action on hepatic, renal, cardiovascular, res-
piratory, nervous, sexual, and immunological systems, besides having anti-cancer, antiviral,
antioxidant, anti-inflammatory, and anti-microbial activities [5]. Mycelial extracts from
Ganoderma lucidum and Cordyceps sinsnsis exhibited an antiproliferative action on highly
invasive MDAMB-231 human breast cancer cells and arrested the cells at the G2/M phase of
the cell cycle according to a report [39]. Cordyceps sinsnsis affords cardio protection possibly
through enhanced adenosine receptor activation [40]. The cytotoxicity of partially purified
peptide extracts from L. squarrosulus was indicated in lung cancer H460, H292, and H23
cells [21]. An investigation based on mutated Cordyceps militaris strains by UV irradiation
showed approximately 1.5-fold increased productivity compared to wild type [41].

5. Conclusions

A method for the production of fresh mycelium of medicinal mushrooms in a liquid
culture medium in order to obtain a high content of biologically active peptides with
enzymatic activity was optimized. In order to increase the number of viable cells in a shorter
period of time, a culturing method for Bacillus subtilis strain was developed. The application
of combined biotechnological approaches in the use of biologically active components
from natural organic sources and the resulting final product with high biological activity
determine the present study as relevant and significant for its practical application.
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