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Abstract: Ganoderma Lucidum Polysaccharide (GLP) is one of the main
active components of G. lucidum and a promising prebiotic for various
diseases. Maximizing the production of GLP and minimizing the cost is
important for the widespread use of GLP in the food/feed and pharmaceutical
industries. The purpose of the present study was to optimize the fermentation
condition of a single G. lucidum strain (isolated from the fruiting body of
G. lucidum mushroom purchased from Linyi (Shandong, China) for GLP
production under submerged-liquid fermentation, with some inexpensive
substrates. The one-factor-at-a-time method was used to test the effects of
inoculum culture time, inoculum size, initial pH, temperature, fermentation
time, and medium components, such as carbon source, nitrogen source,

Email: weilian89@126.com KH,PO4, MgSOs, and nonionic surfactant, on GLP production. Then, the

response surface methodology was used to optimize the fermentation
condition. According to the results, the optimal fermentation condition and
medium components for GLP were as follows: 70 h inoculum culture time,
10% inoculum size, temperature of 22°C, pH of 5.56, fermentation time of
105.06 h, 14.07 g/L of glucose, 5.93 g/L of corn meal, 4 g/L of KH2PO4, 3 g/L
of MgSQO4, 17.5 g/L of soybean meal and 0.2 mL/L of tween 80. After
optimization, the production of GLP was 1.90 g¢g/L (containing 1.00 g/L
intracellular polysaccharide and 0.90 g/L exopolysaccharide) and the biomass
was 15.13 ¢g/L. The G. lucidum strain obtained in this study is not a good
producer of GLP, while its optimized medium contains inexpensive corn meal
and soybean meal and shows efficient promotion in fermentation products.
These results expanded the information on strains for GLP production and
provided clues for reducing the cost of industrial GLP production by using
inexpensive substrates, such as corn meal and soybean meal.

Keywords: Ganoderma lucidum, Polysaccharide, Submerged Liquid
Fermentation, Response Surface Methodology

Introduction powders, fruiting bodies, fermented mycelium, and broth.
It has been reported to have antioxidant,
immunomodulatory, anti-inflammatory, and antitumor
effects in vitro and in vivo and has been regarded as a
promising prebiotic for the treatment of different cancers,
obesity, and other diseases (Chang et al., 2015; Guo et al.,
2021; Shi et al., 2013). Thus, enhancing GLP production
and reducing its production costs are important for the
widespread use of GLP in the food/feed and pharmaceutical
industries. Submerged Liquid Fermentation (SLF) is an
important technology for obtaining fermentation products
from G. lucidum (Zhang and Tang, 2008). Compared to
solid substrate fermentation, SLF greatly shortens the

Ganoderma lucidum has been used as a traditional
medicine for thousands of years and its medicinal
properties have been documented in ancient Chinese
texts, such as “Shen Nong’s herbal classic” and the
“compendium of Materia Medica.” G. lucidum contains
numerous bioactive components, such as polysaccharides,
triterpenoids, nucleotides, amino acids, sterols, and
peptides. G. Lucidum Polysaccharide (GLP) is one of the
primary active components found in G. lucidum, which
includes Exopolysaccharide (EPS) and Intracellular
Polysaccharide (IPS). GLP is widely present in spore

% Science

Publications

© 2023 Bin Yang, Junhu Kai, Dehui Dai, Guicai Chen and Weilian Hu. This open-access article is distributed under a
Creative Commons Attribution (CC-BY) 4.0 license.



Bin Yang et al. / American Journal of Biochemistry and Biotechnology 2023, 19 (4): 358.372

DOI: 10.3844/ajbbsp.2023.358.372

production cycle and increases the stability of
fermentation products. Efforts have been made to
establish suitable fermentation conditions to enhance GLP
production by SLF. Supramani et al. (2019) used
Response Surface Methodology (RSM) to optimize the
SLF conditions, including initial pH, starting glucose
concentration, and agitation rate, of G. lucidum strain
QRS 5120 for efficient biomass (5.12 g/L), EPS (2.49 g/L)
and IPS (1.52 g/L) production. Feng et al. (2019)
optimized the concentrations of glucose, yeast powder,
and KH,POQ,, as well as the initial pH and inoculum size
of the SLF medium by RSM, to achieve an IPS yield of up
to 2.65 g/L. Supplementation of sucrose (Wei et al., 2016),
tween 80 (Yang et al., 2021), Cu?* (Tang and Zhu, 2010),
coixenolide (Zhou et al., 2014), selenite (Xu et al., 2021)
and L-phenylalanine (Ma et al., 2019) could also increase
the production of GLP and biomass. However, these
optimized fermentation media were composed of high-
quality carbon and nitrogen sources, such as glucose,
sucrose, starch, yeast powder, yeast extract, and peptone,
which are unsuitable as a reference for the industrial
production of GLP. Instead, corn meal and soybean meal,
as a cheap carbon source and nitrogen source, respectively,
are often selected for economically viable production of
polysaccharides by microorganisms. Whether they can be
used to replace high-quality carbon and nitrogen sources in
fermentation, however, has not been fully tested.

In the present study, a G. lucidum strain was isolated
and evaluated for its fermentative potential. The specific
aim was to optimize GLP production by the G. lucidum
strain under SLF conditions with some inexpensive
substrates. To this end, we systematically optimized the
GLP production fermentation conditions (including
inoculum culture time, inoculum size, initial pH,
temperature and fermentation time) and medium
components (carbon source, nitrogen source, KH;POa,
MgSO. and nonionic surfactant) using the One-Factor-At-
A-Time (OFAAT) method, followed by RSM. We tested
several inexpensive substrates, such as corn meal, corn
starch, and soybean meal, for their suitability to support
GLP production by the G. lucidum strain. Our results will
guide industrial GLP production fermentation technology.

Materials and Methods
Strain and Culture Condition

The G. lucidum strain used in the present study was
obtained from the fruiting body of G. lucidum that was
purchased from Linyi, Shandong, China. Its internal
transcribed spacer sequence is available in the GenBank
database of the National Center for Biotechnology
Information (NCBI; https://www.ncbi.nlm.nih.gov/) with
the accession number OR414369. This strain has a 99.67
and 99.51% similarity to the reported G. lingzhi strain
CGMCC 5.2229 (OM721793.1) and G. lucidum isolates
(such as MF476201.1 and GU213483.1) (Table S1). The
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strain was maintained on Potato Dextrose Agar (PDA)
slants at 26°C for 10 days and then stored at 4°C for
approximately 2 months.

The seed medium contained 20 g/L of glucose and
200 g/L of potato extract. The initial fermentation
medium consisted of (g/L) glucose 20, peptone 5.0, yeast
extract 5.0, KH,PO4 3.0 and MgSQO4 1.0. The agar culture
from a slant was inoculated into 50 mL of seed medium
in a 250 mL conical flask and incubated on a reciprocal
shaker at 28°C and 150 rpm. After a 3-day culture
period, 10 mL of seed culture was inoculated into 90 mL
of fermentation medium and fermented at 28°C, 150 rpm
for 96 h. Following fermentation, the fermentation broth
was centrifuged at 10,000 g for 10 min to obtain mycelial
and liquid samples (extracellular fermentation broth) for
the determination of IPS, EPS, and biomass.

Determination of Biomass

The myecelial samples were washed repeatedly with
distilled water and dried at 60°C until the weight
remained constant (Wei et al., 2016). The biomass of
each sample was recorded. All experiments were
performed in triplicate.

Determination of Polysaccharides

The mycelial samples were lyophilized and ground into
powder, while the liquid samples were concentrated using
a rotary evaporator and then lyophilized. 10 g of mycelial
powder and lyophilized liquid sample were weighed to
extract the IPS and EPS, respectively. Samples were mixed
with distilled water at a ratio of 1:20 (g/mL). After
immersion in a boiling water bath for 2 h, the samples were
centrifuged at 15,000 g for 15 min. The resulting
supernatant was collected as the extract. The residue was
extracted once more and the extracts pooled. Ethanol was
added to the extract to achieve a final concentration of 95%
(v/v) ethanol for polysaccharide extraction. After overnight
extraction, the extract of crude polysaccharides was
harvested by centrifugation at 15,000 g for 15 min and
lyophilized. Five milligrams of each sample were weighed
and diluted with distilled water to a final volume of 10 mL.
The supernatant was collected to determine the
polysaccharide content according to the phenol-sulfuric
acid method (Nielsen, 2017).

Factors and Levels of Single Factor Experiment

The OFAAT method was performed using a single-
factor experiment to investigate the effects of various
fermentation conditions (including inoculum culture time,
inoculum size, initial pH, temperature, and fermentation
time) and medium components (carbon source, nitrogen
source, KH,PO., MgSOa, and nonionic surfactant) on the
production of IPS and biomass. The experimental
parameters are shown in Table S2. The optimal
fermentation conditions and medium components were
selected based on the results.



Bin Yang et al. / American Journal of Biochemistry and Biotechnology 2023, 19 (4): 358.372

DOI: 10.3844/ajbbsp.2023.358.372

Plackett-Burman Design

The Plackett-Burman Design (PBD) was used to
evaluate the influence of selected variables on the
production of GLP, IPS, EPS, and biomass. Each variable
was tested at two levels (high and low). The experiment
was conducted using the design-expert software (version
12.0.3.0; Stat-Ease, Inc., Minneapolis, MN, USA). All
tests were performed in triplicate and the production of
GLP, IPS, EPS, and biomass were determined. The effects
of each variable on the production of GLP, IPS, EPS, and
biomass were determined through Analysis of Variance
(ANOVA). Significance was defined as p<0.05 and a
trend was defined as p<0.10.

Steepest Ascent Design

The Steepest Ascent Design (SAD) was performed
using design-expert software (Stat-Ease, Inc.). Three
variables, including the glucose-to-corn meal ratio,
fermentation period and tween 80 concentration, were
selected by the PBD as the most influencing and were
further analyzed by SAD. The gradient direction of the
experimental data was used as the climbing direction
and the change step size was determined based on the
effect value of each factor to approach the target area
quickly and economically (Chen et al., 2015). Then, the
IPS, EPS, GLP, and biomass production under each
condition were measured according to the methods
described above.

Central Composite Design

The three variables, including the glucose-to-corn
meal ratio, fermentation period, and tween 80
concentration, selected by PBD, were further analyzed by
Central Composite Design (CCD) and RSM. Each
variable was tested at three levels (-1 representing the low
level, 0 representing the medium level, and +1
representing the high level). The medium-, low- and high-
level values of the variables were selected according to
the best, lower, and higher GLP production from the
results of SAD. All data were processed using design-
expert software (Stat-Ease, Inc.), to calculate the optimal
values of the variables for GLP production.

Results and Discussion
Optimization of Fermentation Condition

The important GLP production parameters during
fermentation, such as inoculum culture time, inoculum size,
initial pH, temperature, and fermentation time, were
identified (Feng et al., 2016; 2019). As a part of GLP, the
production of IPS showed a positive correlation with the
GLP (Wei et al., 2016). Thus, we used IPS production to
predict the efficiency of GLP production in the single-factor
experiment. In the present study, the IPS and biomass
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production were significantly affected by the inoculum
culture time and temperature (p<0.05), whereas they were
not affected by the initial pH (p>0.05, Figs. 1A, C, and D).
In addition, IPS production, but not biomass, was affected by
inoculum size and fermentation time (Fig. 1B and E). The
changes in IPS production were not consistent with the
biomass production under different fermentation conditions.
With an increase in inoculum culture time from 50-80 h,
there was a significant increase in IPS production (p<0.05,
Fig. 1A). In contrast, the biomass showed a significant
increase when the inoculum culture time was 70 and 80 h
(p<0.05, Fig. 1A). Biomass and IPS production decreased
significantly as the fermentation temperature was increased
from 22-25°C and a further significant decrease in biomass
occurred at 31°C (p<0.05, Fig. 1D). The IPS production
increased significantly when the inoculum size was
increased from 6-10%, but it significantly decreased when
the inoculum size was further increased to 12% (p<0.05,
Fig. 1B). When the fermentation time was increased to 108
h, the production of IPS significantly increased (p<0.05) but
decreased thereafter (Fig. 1E). According to the results, the
optimal condition for efficient IPS and biomass production
was an inoculum culture time of 70-80 h, an inoculum size
of 10%, a fermentation temperature of 22°C and a
fermentation time of 108 h. For downstream optimization of
the medium components, the fermentation condition of 70 h
inoculum culture time, 10% inoculum size, unadjusted pH
5.56, 22°C and 108 h fermentation time were chosen.
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Fig. 1: Effect of fermentation conditions on submerged-liquid
fermentation of Ganoderma lucidum; (A) Inoculum
culture time; (B) inoculum size; (C) initial pH; (D)
temperature, and (E) fermentation time. The a-c and
A-C indicate p<0.05

Optimization of Medium Components

Carbon sources provide the fundamental energy for
cell growth and development. In this study, the carbon
source showed significant effects on the IPS and biomass
production (p<0.05, Fig. 2A). Glucose is a widely used
carbon source in SLF of G. lucidum (Hsu et al., 2017;
Supramani et al., 2019). Feng et al. (2019) reported that
the optimal carbon source in SLF for IPS production by
G. lucidum GO0119 was glucose, followed by sucrose,
sodium carboxymethyl cellulose, and starch. In contrast,
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Wei et al. (2016) identified the best substrate for IPS
production in SLF of G. lucidum at pH 5.26 as sucrose,
followed by glucose, maltose, lactose, mannose, galactose,
and xylose. It is suggested that the optimal carbon source is
dependent on the G. lucidum strain under varying
fermentation conditions. Identifying the optimal carbon
source for the current strain is necessary. In the present
study, we investigated the effects of different types of
carbohydrates, including a monosaccharide (glucose), a
disaccharide (sucrose) and polysaccharides (soluble
starch, corn meal, corn starch, and malt extract) (Fig. 2A).
It was found that corn meal yielded the highest IPS
production, whereas glucose yielded the highest biomass
production (Fig. 2A). Microorganisms can utilize glucose
to promote biomass without degradation (Wei et al., 2016).
Thus, a mixed carbon source containing both glucose and
corn meal was chosen to promote the production of both
IPS and biomass. The optimal ratio of these two
components and the optimal concentration of the mixed
carbon source were investigated (Figs. 2B-C). The
production of IPS and biomass were not affected by the
ratio of glucose and corn meal (p>0.05, Fig. 2B), whereas
they were significantly affected by the concentration of
the mixed carbon source (p<0.05, Fig. 2C). Both IPS and
biomass production were highest when the mixed carbon
concentration was 20 g/L (p<0.05, Fig. 2C).
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Fig. 2: Effect of medium components on submerged-liquid
fermentation of Ganoderma lucidum; (A) Different
carbon sources; (B) ratio of mixed carbon sources; (C)
concentration of mixed carbon source; (D) different
nitrogen sources; (E) concentration of nitrogen source,
and (F) concentrations of KH2PO4; (G) MgSOs; (H)
tween 20 and (I) tween 80. The a-e and A-E indicate
p<0.05. *Mixed = Mixed nitrogen source containing
tryptone and yeast extract with a ratio of 1:1

Nitrogen sources provide the primary raw materials
for the biosynthesis of enzymes, proteins, and nucleic
acids during the growth and development of
microorganisms. In total, we estimated seven different
kinds of nitrogen sources, including four organic nitrogen
sources (tryptone, yeast extract, soybean meal, and urea),
two inorganic nitrogen sources (NaNO3z and (NH4)2SO.),
and one mixed organic nitrogen source (containing
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tryptone and yeast extract in a 1:1 ratio). We identified
that these nitrogen sources had significant effects on both
IPS and biomass production (p<0.05, Fig. 2D). Compared
to the inorganic nitrogen sources and urea, the tryptone,
yeast extract, and soybean meal yielded higher IPS and
biomass production (p<0.05), with soybean meal having
the highest production (p<0.05). Figure 2E further shows
that with the increasing concentration of soybean meal,
the production of IPS and biomass was significantly
increased (p<0.05). The highest IPS and biomass
production were obtained when the concentration of
soybean meal was 17.5 and 20.0 g¢g/L (Fig. 2E).
Considering the goal of minimizing the cost of the
medium, soybean meal with a concentration of 17.5 g/L
was selected for further analysis.

The supplementation of phosphate and magnesium
can promote fungal growth and increase the production of
IPS, EPS, and biomass (Feng et al., 2019; Yuan et al.,
2012). Among the different kinds of phosphates, KH2PO4
was the most effective for increasing IPS production,
followed by K;HPO4, NapHPO4, and NaH2PO4 (Feng et al.,
2019). In the present study, we examined the effects of
different concentrations of both KH,PO, and MgSO4
(Figs. 2F-G). The IPS and biomass production were
significantly affected by the concentration of KH,PO4 and
MgSO;s (p<0.05, Figs. 2F-G). Concentrations of 3 g/L
KH2PO,4 and 2 g/L of MgSO, yielded the highest IPS and
biomass production. Thus, those concentrations were
chosen for downstream analysis.

Tween 20 and 80 are common nonionic surfactants that
can decrease surface and interfacial tensions, increase
solubility and bioavailability, and promote enzyme
efficiency (Kaar and Holtzapple, 1998; Singh et al., 2007).
In the present study, although the concentrations of
both tween 20 and 80 had significant effects on the IPS and
biomass production (Figs. 2H-1), tween 20 did not promote but
instead significantly inhibited the production of both IPS and
biomass when supplemented at 0.02 and 0.10 mL/L
(p<0.05, Fig. 2H). Compared to 0 mL/L of tween 80, the
addition of 0.02 mL/L of tween 80 resulted in a numerical
increase in IPS and biomass production. When the
concentration of tween 80 exceeded 0.02 mL/L, it exerted an
inhibitory effect (Fig. 21), which was consistent with the
reported effects of tween 80 on EPS by Yang et al. (2021).
Thus, we chose 0.02 mL/L of tween 80 instead of tween 20.

Important Variables for the Production of

Polysaccharides and Biomass

Based on the results of a single-factor experiment, nine
variables that affected the production of IPS and biomass
were chosen for PBD, including inoculum culture time,
inoculum size, temperature, fermentation time, glucose-
to-corn meal ratio and the concentrations of soybean meal,
KH2PO., MgSO, and tween 80 (Table 1), to filter the most
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important variables. To achieve optimal GLP production,
12 levels were designed for nine variables, and GLP, IPS,
EPS, and biomass production were taken into
consideration in further optimization (Table 2). Among
the 12 levels, the production of GLP, IPS, EPS, and
biomass ranged from 0.90-1.62, 0.46-0.93, 0.34-0.95, and
15.40-18.40 g/L, respectively (Table 2). These results
suggested the necessity for additional optimization of the
fermentation conditions and medium components.
Regarding the production of GLP and EPS, the significant
factors were the glucose-to-corn meal ratio, tween 80, and
fermentation time (p<0.05, Table 3 and S3). For IPS
production, the significant terms were the inoculum size,
MgSO., and fermentation time (p<0.05, Table S4). For
biomass production, the significant terms were the
inoculum culture time, inoculum size, KH,PO., and
fermentation time (p<0.05, Table S5).

Optimization of Fermentation Condition and
Medium Components by RSM

The glucose-to-corn meal ratio, tween 80 concentration,
and fermentation time were selected for RSM based on the
findings of PBD. In total, six levels of the three variables
were performed in SAD (Table 4). Among the six levels,
GLP and IPS had the highest productionat 1.99 and 1.18 g/L,
respectively, when the glucose-to-corn meal ratio was 3:7,
the tween 80 concentration was 0.2 mL/L and the
fermentation time was 104 h (Table 4). Incongruent with the
production of GLP and IPS, the maximum production of
EPS (0.99 g/L) was observed when the glucose-to-corn meal
ratio was 4.6, the tween 80 concentration was 0.15 mL/L and
the fermentation time was 92 h. Biomass production
reached a maximum of 15.00 g/L at a glucose-to-corn
meal ratio of 9:1, 0.30 mL/L of tween 80, and a
fermentation time of 128 h (Table 4).

The CCD was performed on the three-factor response
surface analysis experiment, with the glucose-to-corn
meal ratio (A), the tween 80 concentration (B), and the
fermentation time (C) used as independent variables
(Table 5). To achieve optimal GLP production, the GLP
production was used as the response variable. According
to the SAD results, the condition of a 7:3 ratio of glucose
to corn meal, 0.2 mL/L tween 80 and 104 h fermentation
time was chosen as level 0 of CCD. The experimental
design and results are shown in Table 6. The quadratic
multiple regression equation for GLP was as follows:

Y =1.95+0.0084A+0.0055B +0.0689C —0.0227AB +
0.0085AC —0.0394BC - 0.2861A% —0.2155B% — 0.2497C?

(1)
where:

A represents the glucose-to-corn meal ratio

B represents the tween 80 concentration

C represents the fermentation time
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Table 1: Factors of Plackett-Burman design

Level

Factor Coding -1 1

Inoculum culture time (h) X1 65 75
Inoculum size (%) X2 8 12
Glucose-to-corn meal ratio X3 6:4 9:1
Soybean meal (g/L) Xa 15 20
KH2PO4 (g/L) Xs 3 5
MgSOsa (g/L) X 2 4
Temperature (°C) X7 20 24
Tween 80 (mL/L) Xs 0.1 0.3
Fermentation time (h) Xo 84 108

Table 2: Experimental design and the response results of Plackett-Burman design

No. X1 X2 X3 Xa Xs Xs X7 Xs Xo GLP! (g/L) IPS? (g/L) EPS®(g/L) Biomass (g/L)
1 75 12 9:1 15 3 2 24 0.3 84 1.21 0.68 0.53 15.80
2 65 12 9:1 20 3 2 20 0.1 108 1.43 0.83 0.60 17.70
3 75 12 6:4 20 5 4 20 0.1 84 0.90 0.56 0.34 15.40
4 75 8 6:4 15 5 2 24 0.1 108 1.24 0.77 0.47 18.20
5 75 12 6:4 15 3 4 20 0.3 108 1.20 0.68 0.52 16.60
6 65 8 6:4 20 3 4 24 0.3 84 1.00 0.46 0.54 17.40
7 65 8 9:1 15 5 4 20 0.3 108 1.61 0.66 0.95 17.00
8 65 12 9:1 15 5 4 24 0.1 84 1.11 0.61 0.50 15.80
9 75 8 9:1 20 3 4 24 0.1 108 1.35 0.65 0.70 17.40

10 75 8 9:1 20 5 2 20 0.3 84 1.41 0.67 0.74 16.00

11 65 8 6:4 15 3 2 20 0.1 84 0.90 0.55 0.35 18.20

12 65 12 6:4 20 5 2 24 0.3 108 1.62 0.93 0.69 16.90

Table 3: Effect evaluations of each factor under Plackett-Burman design based on Ganoderma lucidum polysaccharide production

Factors Effect Standard error F-value p-value Significance
Inoculum culture time (h) -0.030 0.018 2.890 0.231
Inoculum size (%) -0.004 0.018 0.044 0.854
Glucose-to-corn meal ratio 0.105 0.018 36.030 0.027 *
Soybean meal (g/L) 0.037 0.018 4.360 0.172
KH2PO4 (g/L) 0.068 0.018 15.080 0.060
MgSOa4 (g/L) -0.053 0.018 9.200 0.094
Temperature (°C) 0.006 0.018 0.132 0.752
Tween 80 (mL/L) 0.094 0.018 28.890 0.033 *
Fermentation time (h) 0.160 0.018 83.160 0.012 *
Table 4: Experimental design and results of the steepest ascent experiment

Glucose: Tween 80 Fermentation GLP? 1PS? EPS? Biomass
No. Corn meal (mL/L) period (h) (g/L) (g/L) (a/L) (a/L)
1 5:5 0.10 80 1.27 0.83 0.45 9.40
2 6:4 0.15 92 1.79 0.89 0.99 12.20
3 7:3 0.20 104 1.99 1.18 0.86 12.40
4 8:2 0.25 116 1.71 1.12 0.84 13.00
5 9:1 0.30 128 1.13 0.97 0.36 15.00
6 10:0 0.35 140 1.07 0.92 0.33 14.80
IGLP = Ganoderma lucidum polysaccharide, 2IPS = intracellular polysaccharide, 3EPS = exopolysaccharide
Table 5: Factors and levels of central composite design

Level

Factor Coding -1 0 1
Glucose: Corn meal A 5:5 7:3 9:1
Fermentation period (h) B 80 104 128
Tween 80 (mL/L) Cc 0.1 0.2 0.3
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Table 6: Experimental design and results of central composite design

No. A B C GLP! (g/L) IPS? (g/L) EPS? (g/L) Biomass (g/L)
1 7:3 0.2 128 1.60+0.08 1.06+0.21 0.54+0.25 16.80+0.35
2 5:5 0.3 80 1.17+0.03 0.73+£0.02 0.44+0.02 14.20+0.87
3 55 0.1 128 1.29+0.19 0.92+0.19 0.37+£0.17 15.73+0.61
4 7:3 0.2 104 2.00£0.24 1.38+0.08 0.62+0.32 16.00+£0.35
5 9:1 0.1 128 1.40+0.12 1.18+0.11 0.22+0.01 13.67+0.58
6 7:3 0.2 104 1.89+0.20 1.55+0.11 0.3440.25 18.80+1.04
7 7:3 0.2 104 2.07+0.06 1.61+0.04 0.46+0.07 18.00+1.00
8 5:5 0.2 104 1.59+0.25 1.07+0.12 0.52+0.25 14.07+0.81
9 5:5 0.1 80 1.07+0.16 0.67+0.06 0.40+0.18 13.00+0.50

10 9:1 0.1 80 1.11+0.10 0.81+0.05 0.30+0.08 12.80+0.20

11 7:3 0.2 104 2.00+0.11 1.55+0.01 0.45+0.11 15.00£0.53

12 5:5 0.3 128 1.27+0.06 0.92+0.08 0.35+0.14 15.77+0.35

13 7:3 0.1 104 1.61+0.22 1.34+0.21 0.27+£0.12 16.13+1.70

14 9:1 0.3 128 1.25+0.03 1.06+0.05 0.19+0.06 16.87+0.87

15 7:3 0.3 104 1.68+0.09 1.40+0.23 0.28+0.14 17.60+3.22

16 9:1 0.2 104 1.55+0.07 1.11+0.09 0.44+0.15 17.07+0.12

17 9:1 0.3 80 1.16+0.01 0.86+0.11 0.30+0.12 11.40+0.53

18 7:3 0.2 104 2.05+0.09 1.49+0.06 0.56+0.12 17.40£0.53

19 7:3 0.2 104 2.00£0.14 1.52+0.03 0.48+0.14 18.07+0.49

20 7:3 0.2 80 1.62+0.08 1.05+0.09 0.57+0.11 13.67£1.15

1GLP = Ganoderma lucidum polysaccharide; 2IPS = intracellular polysaccharide; 3EPS = exopolysaccharide

Table 7: The regression results of the central composite design

Factors df Sum of squares Mean squares F-value p-value Significance

Model 9 2.140 0.238 22.330 <0.001 wx

A 1 0.001 0.001 0.067 0.801

B 1 0.000 0.000 0.028 0.870

C 1 0.048 0.048 4.460 0.061

AB 1 0.004 0.004 0.387 0.548

AC 1 0.001 0.001 0.054 0.820

BC 1 0.012 0.012 1.170 0.306

A2 1 0.225 0.225 21.130 0.001 *

B2 1 0.128 0.128 11.990 0.006 *

C2 1 0.172 0.172 16.100 0.003 *

Residual 10 0.107 0.011

Lack of fit 5 0.088 0.018 4.800 0.055 Not significant

Pure error 5 0.018 0.004

Cor total 19 2.250 4.800 0.051

R?=0.9526; C.V. = 6.57%; Adj-R? = 0.9099; Pred-R?=0.7882; * and ** represented significant difference at p<0.05 and

p<0.01, respectively

According to the results of the ANOVA, the regression
model was found to be reliable and effectively fit the
experimental data (p<0.05, Table 7). The R? of the fitted model
indicated that the quadratic equation model could explain and
predict 95.26% of the variable responses (Table 7). The
correction determination coefficient (Adj-R?) implied the
significance of the fitted model and aligned with the
predicted R2. Thus, the regression model could be used to
predict GLP production. In the regression model, the
quadratic terms of A2, B2, and C? showed significant effects
on the GLP production (p<0.05), whereas no significant
effect was found for the other terms (Table 7).

The combined effects of the glucose-to-corn meal
ratio, tween 80 concentration, and fermentation time
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are depicted in three-dimensional plots in Fig. 3. The
maximum GLP production was obtained at a glucose-
to-corn meal ratio of 7.03:2.97, 0.20 mL/L of tween 80
and a fermentation time of 105.06 h. Under that
condition, the predicted maximum theoretical GLP
production was 1.95 g/L.

Verification of the Optimized Conditions

The production of IPS, EPS, GLP and biomass was
determined under the optimized condition. After
optimization, the production of GLP was significantly
increased by 2.39-fold, from 0.56-1.90 g/L, IPS production
by 1.94-fold, from 0.34-1.00 g/L, EPS production by
3.09-fold, from 0.22-0.90 g/L and the biomass production
by 0.23-fold, from 12.27-15.13 g/L (Fig. 4).
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Fig. 3: Response surface curve of polysaccharide production from
Ganoderma lucidum showing the interactions among
glucose-to-corn meal ratio, tween 80 concentration, and
fermentation time. The three-dimensional (3D) surface plot;
(A) and contour plot; (B) showing the interaction between
the glucose-to-corn meal ratio and tween 80 concentration.
The 3D surface plot; (C) and contour plot; (D) showing the
interaction between the glucose-to-corn meal ratio and
fermentation time. The 3D surface plot (C) and contour plot;
(D) showing the interaction between the tween 80
concentration and fermentation time
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Compared to the reported G. lucidum strains, such as
QRS 5120 (Supramani et al., 2019), the Chinese strain
(Asadi et al., 2021), G0119 (Feng et al., 2019), G0041,
G0045, and G0059 (Wang et al., 2016), the G. lucidum
strain used in the present study was not a high-producing
GLP strain. The RSM was an efficient method for
optimizing the fermentation conditions and medium and
could increase GLP production by more than 2-fold
(Zhang et al., 2016). Consistently, the RSM also increased
the production of GLP, IPS, and EPS by about 2-3 times.
Although the GLP production was not the highest, it could
basically meet the requirement for industrial production.
The present strain demonstrated a good ability to produce
GLP using an inexpensive carbon source (corn meal) and
nitrogen source (soybean meal), which is beneficial for
minimizing the cost of industrial-scale production.
Further study is needed to investigate the mechanism of
efficient utilization of corn meal and soybean meal by the
G. lucidum strain investigated in this study in order to find
clues to minimize the cost during industrial production.

Conclusion

In summary, the optimal SLF condition and medium
components for obtaining GLP from the G. lucidum strain in
this study were as follows: A 70 h inoculum culture time, a
10% inoculum size, a temperature of 22°C, a pH of 5.56, a
fermentation time of 105.06 h, 14.07 g/L of glucose, 5.93 g/L
of corn meal, 4 g/L of KH2POy4, 3 g/L of MgSQOy4, 17.5 g/L of
soybean meal and 0.2 mL/L of tween 80. After optimization,
the production of GLP, IPS, EPS, and biomass were 1.90,
1.00,0.90 and 15.13 g/L, respectively. These values basically
meet the requirements for the industrial production of GLP.
The optimized medium contains inexpensive corn meal and
soybean meal and it has shown efficient promotion in
fermentation products. This provides clues for minimizing
costs during industrial production. The G. lucidum strain
used in this study is not a good producer of GLP, but its
mechanism of utilization of corn meal and soybean meal
deserves further study. Moreover, further study should focus
on identifying the most efficient GLP producers and
investigating the potential use of corn meal and soybean meal
to enhance GLP production.
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Table S1: Continue

spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma lucidum isolate 39 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

Ganoderma lucidum isolate 49 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

Ganoderma lucidum isolate 32 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

Ganoderma lucidum isolate YS 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence

Ganoderma lingzhi voucher Dai 12573 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain GI-22 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain GI-20 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain GI-10 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma sp. strain DMS2021-8-2 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma lingzhi voucher Li245 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum isolate 46 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

Ganoderma lucidum voucher Cui 9164 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain GLVNO2 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma lucidum isolate 61 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

Ganoderma lingzhi isolate SFC20150918-07 18S ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

Ganoderma lingzhi isolate SFC20150812-48 18S ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

Ganoderma lingzhi isolate SFC20120721-08 18S ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

Ganoderma lucidum isolate TK internal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

Ganoderma lucidum isolate RB internal transcribed spacer 1, 5.85 ribosomal RNA gene, and internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

Ganoderma lucidum isolate JQ internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal
transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

Ganoderma lucidum isolate HZ 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum isolate DB 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum isolate 203 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lingzhi isolate G32 internal transcribed spacer 1, partial sequence; 5.8 ribosomal RNA

gene and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence
Ganoderma lucidum isolate Iran76 small subunit ribosomal RNA gene, partial sequence; internal

transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and
large subunit ribosomal RNA gene, partial sequence

Ganoderma lucidum isolate Univ.M1 small subunit ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and
large subunit ribosomal RNA gene, partial sequence

Ganoderma lucidum strain 1904 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma lucidum strain FCL194 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain CSAAS0801 18S ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

Ganoderma lucidum strain GI-23 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain Gl-14 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain GI-8 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain GI-7 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma sichuanense isolate B1_1406706 clone 1 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and
28S ribosomal RNA gene, partial sequence

Ganoderma lingzhi clone lynk2103 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA

gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,

partial sequence

Ganoderma lingzhi isolate TQN4R internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene
and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lingzhi isolate LCN8T internal transcribed spacer 1, partial sequence; 5.8 ribosomal RNA gene
and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lingzhi strain CGMCC5.2231 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA

gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
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https://www.ncbi.nlm.nih.gov/nucleotide/OP784796.1?report=genbank&log$=nucltop&blast_rank=38&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MZ497287.1?report=genbank&log$=nucltop&blast_rank=39&RID=RXNNTS3B013
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Table S1: Continue

Ganoderma lingzhi strain CGMCC5.2230 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lingzhi strain CGMCC5.2228 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma sp. strain TS2021-8-12 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacerl, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma lingzhi isolate AL-R2 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma lingzhi genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA, partial and complete sequence,
isolate: FB-0001

Ganoderma lingzhi isolate TQN3R internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene
and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma sp. isolate LCN10T internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum voucher S$32_3 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene
and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum strain GI-16 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence

Ganoderma lucidum strain WD-565 voucher TFM-F 15131 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 25S
ribosomal RNA gene, partial sequence

Ganoderma lingzhi isolate TG2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lingzhi isolate AL-R13 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma lingzhi isolate SFC20160420-01 18S ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

Ganoderma lucidum voucher TS5 internal transcribed spacer 1, partial sequence; 5.8 ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum voucher TS45 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene
and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum voucher 522635MF42 (HGASMF01-4994) internal transcribed spacer 1, partial sequence;
5.8S ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

Ganoderma lucidum isolate XH002 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma sp. ASI 7038 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence

Ganoderma lucidum strain 1UM 4303 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum cultivar Yeongji-2 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain 1UM 4002 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain UM 0047 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma sp. isolate G8 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence

Ganoderma sp. isolate G7 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence

Ganoderma sp. isolate G2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and internal
transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence

Ganoderma sp. Jfl1 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence
Ganoderma lucidum strain FCL188 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain XZ-G-B 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain XZ-G-A1 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

Ganoderma lucidum strain Gt-1 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain GI-3B 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain GI-3 18S ribosomal RNA gene, partial sequence; internal transcribed spacer

1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal

RNA gene, partial sequence

Ganoderma lucidum strain WD-2038 voucher TFM-F 18922 18S ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence;
and 25S ribosomal RNA gene, partial sequence

Ganoderma sp. strain 16SHD01-01 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.85 ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Ganoderma sp. strain 16JL.01-01 small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

Ganoderma lingzhi isolate HN internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum strain H1 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum strain P2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum strain P internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma sichuanense isolate B1_1406706 clone 2 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and

28S ribosomal RNA gene, partial sequence

Ganoderma lucidum voucher TS55 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene
and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum voucher TS38 small subunit ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence
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MN579546.1
MN579544.1
HQ689696.1

JN008869.1

HQ235632.1

HQ235630.1

GU213487.1

GU213477.1

GU213476.1

EU021456.1

MN911335.1

MN911333.1

MN372067.1
KX262899.1
KX262898.1
KX262896.1

KT693255.1

ON196273.1

ON196261.1
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https://www.ncbi.nlm.nih.gov/nucleotide/OM721794.1?report=genbank&log$=nucltop&blast_rank=42&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/OM721792.1?report=genbank&log$=nucltop&blast_rank=43&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/OL998882.1?report=genbank&log$=nucltop&blast_rank=44&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MH160074.1?report=genbank&log$=nucltop&blast_rank=45&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/LC090753.1?report=genbank&log$=nucltop&blast_rank=46&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MZ497286.1?report=genbank&log$=nucltop&blast_rank=47&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MZ489261.1?report=genbank&log$=nucltop&blast_rank=48&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MW520976.1?report=genbank&log$=nucltop&blast_rank=49&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/FJ379263.1?report=genbank&log$=nucltop&blast_rank=50&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/EU021455.1?report=genbank&log$=nucltop&blast_rank=51&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MN372059.1?report=genbank&log$=nucltop&blast_rank=52&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MH160082.1?report=genbank&log$=nucltop&blast_rank=53&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/KY364250.1?report=genbank&log$=nucltop&blast_rank=54&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196269.1?report=genbank&log$=nucltop&blast_rank=55&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196266.1?report=genbank&log$=nucltop&blast_rank=56&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MZ057681.1?report=genbank&log$=nucltop&blast_rank=57&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MW947476.1?report=genbank&log$=nucltop&blast_rank=58&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JQ520210.1?report=genbank&log$=nucltop&blast_rank=59&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JQ520182.1?report=genbank&log$=nucltop&blast_rank=60&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JQ520169.1?report=genbank&log$=nucltop&blast_rank=61&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JQ520178.1?report=genbank&log$=nucltop&blast_rank=62&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JQ520174.1?report=genbank&log$=nucltop&blast_rank=63&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MN579547.1?report=genbank&log$=nucltop&blast_rank=64&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MN579546.1?report=genbank&log$=nucltop&blast_rank=65&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MN579544.1?report=genbank&log$=nucltop&blast_rank=66&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/HQ689696.1?report=genbank&log$=nucltop&blast_rank=67&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JN008869.1?report=genbank&log$=nucltop&blast_rank=68&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/HQ235632.1?report=genbank&log$=nucltop&blast_rank=69&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/HQ235630.1?report=genbank&log$=nucltop&blast_rank=70&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/GU213487.1?report=genbank&log$=nucltop&blast_rank=71&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/GU213477.1?report=genbank&log$=nucltop&blast_rank=72&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/GU213476.1?report=genbank&log$=nucltop&blast_rank=73&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/EU021456.1?report=genbank&log$=nucltop&blast_rank=74&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MN911335.1?report=genbank&log$=nucltop&blast_rank=75&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MN911333.1?report=genbank&log$=nucltop&blast_rank=76&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MN372067.1?report=genbank&log$=nucltop&blast_rank=77&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/KX262899.1?report=genbank&log$=nucltop&blast_rank=78&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/KX262898.1?report=genbank&log$=nucltop&blast_rank=79&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/KX262896.1?report=genbank&log$=nucltop&blast_rank=80&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/KT693255.1?report=genbank&log$=nucltop&blast_rank=81&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196273.1?report=genbank&log$=nucltop&blast_rank=82&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196261.1?report=genbank&log$=nucltop&blast_rank=83&RID=RXNNTS3B013

Bin Yang et al. / American Journal of Biochemistry and Biotechnology 2023, 19 (4): 358.372

DOI: 10.3844/ajbbsp.2023.358.372

Table S1: Continue

Ganoderma lucidum voucher TS36 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1092 1092 98 0 99.34 624 ON196259.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher TS28 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA gene Ganoderma lucidum 1092 1092 98 0 99.34 626 ON196252.1
and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum voucher NH1 small subunit ribosomal RNA gene, partial sequence; internal transcribed Ganoderma lucidum 1092 1092 98 0 99.34 639 ON196224.1
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence
Ganoderma lucidum strain Han G internal transcribed spacer 1, partial sequence; 5.8S ribosomal Ganoderma lucidum 1092 1092 99 0 99.18 640 JX162764.1
RNA gene and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA gene,
partial sequence
Ganoderma lucidum genes for 18S rRNA, ITS1, 5.8S rRNA, ITS2, 28S rRNA, partial and complete Ganoderma lucidum 1092 1092 98 0 99.17 636 AB733122.1
sequence, strain: NBRC 31863
Ganoderma lingzhi isolate SCIM 1006 small subunit ribosomal RNA gene, partial sequence; internal Ganoderma lingzhi 1092 1092 97 0 99.83 621 MT741782.1
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence;
and large subunit ribosomal RNA gene, partial sequence
Ganoderma lucidum voucher TS9 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 623 ON196281.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher TS7 small subunit ribosomal RNA gene, partial sequence; internal transcribed Ganoderma lucidum 1090 1090 98 0 99.34 633 ON196279.1
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence
Ganoderma lucidum voucher TS58 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 624 ON196276.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher TS37 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 623 ON196260.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher TS2 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 620 ON196245.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher TS13 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 618 ON196239.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher NH8 internal transcribed spacer 1, partial sequence; 5.8S ribosomal Ganoderma lucidum 1090 1090 98 0 99.34 623 ON196234.1
RNA gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA
gene, partial sequence
Ganoderma lucidum voucher NH7 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 623 ON196233.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher NH6 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 623 ON196232.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum voucher NH3 internal transcribed spacer 1, partial sequence; 5.8S ribosomal RNA Ganoderma lucidum 1090 1090 98 0 99.34 623 ON196229.1
gene and internal transcribed spacer 2, complete sequence; and large subunit ribosomal RNA gene,
partial sequence
Ganoderma lucidum strain FCL195 18S ribosomal RNA gene, partial sequence; internal transcribed spacer Ganoderma lucidum 1090 1090 98 0 99.17 636 JNO008871.1
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence
Table S2: Factors and levels of the single-factor experiment
Fermentation conditions Medium components
Inoculum Ratio of Mixed Soybean Tween Tween
culture Inoculum Initial Temperature  Fermentation ~ Carbon glucose carbon Nitrogen meal KHPOs MgSOs 20 80
Levels  time (h) size (%) pH (°C) time (h) source and corn meal  (g/L) source (/L) (g/L) (g/L) (mL/L)  (mL/L)
1 30 6 3 22 96 Soluble 1575 10 Tryptone 5.0 0 0.0 0.0 0.0
starch
2 40 8 4 25 108 Glucose 37 20 Yeast 75 1 1.0 0.2 0.2
extract
3 50 10 5 28 120 Sucrose 4.5:5.5 30 tryptone +10 2.0 2 0.4 0.4
yeast extract
(1:1)
4 60 12 5.56 31 132 Corn meal 6:4 40 Soymeal 125 3 3.0 0.6 0.6
(natural)
5 70 6 144 Malt extract 75:25 NaNOs; 15.0 4 4.0 0.8 0.8
6 80 7 156 Corn starch 9:1 (NH4)2S04 175 5 5.0 1.0 1.0
7 CO(NH2)2 20.0
Table S3: Effect evaluations of each factor under Plackett-Burman design based on exopolysaccharide production
Factors Effect Standard error F-value p-value Significance
Inoculum culture time (h) -0.028 0.011 5.920 0.135
Inoculum size (%) -0.049 0.011 18.370 0.050
Glucose: Corn meal 0.093 0.011 67.070 0.015 *
Soybean meal (g/L) 0.025 0.011 4.690 0.163
KH2PO4 (g/L) 0.040 0.011 12.330 0.072
MgSOs (g/L) 0.015 0.011 1.670 0.325
Temperature (°C) -0.006 0.011 0.287 0.646
Tween 80 (mL/L) 0.084 0.011 54.610 0.018
Fermentation time (h) 0.077 0.011 46.330 0.021
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https://www.ncbi.nlm.nih.gov/nucleotide/ON196259.1?report=genbank&log$=nucltop&blast_rank=84&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196252.1?report=genbank&log$=nucltop&blast_rank=85&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196224.1?report=genbank&log$=nucltop&blast_rank=86&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JX162764.1?report=genbank&log$=nucltop&blast_rank=87&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/AB733122.1?report=genbank&log$=nucltop&blast_rank=88&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/MT741782.1?report=genbank&log$=nucltop&blast_rank=89&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196281.1?report=genbank&log$=nucltop&blast_rank=90&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196279.1?report=genbank&log$=nucltop&blast_rank=91&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196276.1?report=genbank&log$=nucltop&blast_rank=92&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196260.1?report=genbank&log$=nucltop&blast_rank=93&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196245.1?report=genbank&log$=nucltop&blast_rank=94&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196239.1?report=genbank&log$=nucltop&blast_rank=95&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196234.1?report=genbank&log$=nucltop&blast_rank=96&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196233.1?report=genbank&log$=nucltop&blast_rank=97&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196232.1?report=genbank&log$=nucltop&blast_rank=98&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/ON196229.1?report=genbank&log$=nucltop&blast_rank=99&RID=RXNNTS3B013
https://www.ncbi.nlm.nih.gov/nucleotide/JN008871.1?report=genbank&log$=nucltop&blast_rank=100&RID=RXNNTS3B013
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Table S4: Effect evaluations of each factor under Plackett-Burman design based on intracellular polysaccharide production

Factors Effect Standard error F-value p-value Significance
Inoculum culture time (h) -0.002 0.009 0.063 0.826

Inoculum size (%) 0.045 0.009 25.860 0.037 *
Glucose: corn meal 0.012 0.009 1.970 0.296

Soybean meal (g/L) 0.012 0.009 1.870 0.305

KH2PO4 (g/L) 0.028 0.009 10.230 0.085

MgSOa4 (g/L) -0.068 0.009 58.970 0.017 *
Temperature (°C) 0.012 0.009 1.980 0.295

Tween 80 (mL/L) 0.010 0.009 1.400 0.358

Fermentation time (h) 0.083 0.009 87.640 0.011 *
Table S5: Effect evaluations of each factor under Plackett-Burman design based on biomass

Factors Effect Standard error F-value p-value Significance
Inoculum culture time (h) -0.015 0.003 19.060 0.049 *
Inoculum size (%) -0.025 0.003 52.940 0.018 *
Glucose: Corn meal -0.013 0.003 13.240 0.068

Soybean meal (g/L) -0.003 0.003 0.941 0.434

KH2PO4 (g/L) -0.016 0.003 21.240 0.044 *
MgSOa4 (g/L) -0.013 0.003 15.060 0.060

Temperature (°C) 0.003 0.003 0.529 0.543

Tween 80 (mL/L) -0.013 0.003 13.240 0.068

Fermentation time (h) 0.022 0.003 39.760 0.024 *
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