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Submerged cultures of Ganoderma lucidum are used to produce fungal mycelium, which is used as a functional food and in the production of various triterpenoids, including ganoderic acids (GAs). Specific culture approaches that produce fungal mycelium with high levels of GAs and good biological activity are critical in the functional food industry. In this study, a solid-medium culture approach to producing mycelium was compared to the submerged culture system. Production of GAs, biomass, intracellular polysaccharides, and cytotoxicity of the cultured mycelium were compared as between solid and submerged culture. Growing G. lucidum strains on solid potato dextrose agar medium increased biomass, the production of ganoderic acid 24 (lanosta-7,9(11), 24-trien-3α-o1-26-oic acid), GAs, and total intracellular polysaccharides as compared to fungi grown in submerged culture. Triterpenoid-enriched methanol extracts of mycelium from solid-medium culture showed higher cytotoxicity than those from submerged culture. The IC50 values of methanol extracts from solid-medium culture were 11.5, 8.6, and 9.9 times less than submerged culture on human lung cancer cells CH27, melanoma cells M21, and oral cancer cells HSC-3 respectively. The squalene synthase and lanosterol synthase coding genes had higher expression on the culture of solid potato dextrose medium. This is the first report that solid-medium culture is able to increase GA production significantly as compared to submerged culture and, in the process, produces much higher biological activity. This indicates that it may be possible to enhance the production of GAs by implementing mycelium culture on solid medium.
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Ganoderma lucidum is a basidiomycete fungus used for medical purposes in East Asia. The pharmacological activity of G. lucidum is primarily attributable to the triterpenoids and polysaccharides produced by this unique fungal species. More than 130 triterpenoids, including ganoderic acids (GAs), have been identified and characterized from G. lucidum.1,2) Triterpenoids purified from G. lucidum have been found to have diverse biological activities. These include hepatoprotective,3) anti-oxidant,4) hypocholesterolemic,5,6) antiplatelet aggregation,7) antiviral,


8,9 ADDIN EN.CITE ) histamine release-inhibitory activity,10) cell cycle arrest,11) apoptosis induction effect,12) and cell-growth inhibition.13)    
Triterpenoid biosynthesis might occur via the mevalonate/isoprenoid pathway, which uses acetyl CoA to synthesize mevalonate, isopentenyl-pyrophosphate, and farnesyl diphosphate.


14,15 ADDIN EN.CITE ) Squalene synthase (SQS) catalyzes the formation of squalene from farnesyl diphosphate.


16 ADDIN EN.CITE ) Lanosterol synthase (LS) then catalyzes the production of lanosterol from 2,3-oxidosqualene.17) The entire biosynthetic pathway leading to GAs probably involves complex oxidation, reduction, hydroxylation, and demethylation from lanosterol. It is time-consuming to cultivate fruiting bodies of G. lucidum. At least 4-5 months are needed to cultivate a fruiting body. Therefore, using submerged culture of fungal mycelium in liquid medium has gained a lot of attention for producing fungal mycelium, GAs, and polysaccharides.


18-20 ADDIN EN.CITE ) Various environmental and nutritional factors that affect GA production have also been investigated to increase yield.


21-24 ADDIN EN.CITE ) In addition, the fungal mycelium of G. lucidum from submerged liquid culture is used as a functional food to improve immunity, enhance health, protect the liver, and delay senility in Taiwan.  
Production of fungal mycelium with high levels of GAs and good biological activity is critical when using the mycelium in the functional food industry. Compared with submerged culture for mycelium production, solid-state fermentation is used to produce fruiting bodies and ligninolytic enzymes from G. lucidum,


25-27 ADDIN EN.CITE ) but the use of solid medium to produce fungal mycelium using short-term culture is not well characterized, and neither is the overall biomass production and biological activity of the cultured mycelium in this environment. In addition, production by cultured mycelium of GAs, and biomass, as well as the biological activity of the mycelium, has never been compared as between submerged liquid and solid-medium culture.  The main objectives of this study were to evaluate the production of GAs, biomass, and intracellular polysaccharides by mycelium cultured on solid medium, in static liquid culture, and in shaking liquid culture. Triterpenoid-enriched extracts from the fungal mycelium were also evaluated in order to assess anti-cancer activity using three human cancer cell lines.
Materials and Methods
Fungal strains and cultural conditions. Two Ganoderma lucidum strains, BCRC 36111 and BCRC36674, were purchased from the Bioresource Collection and Research Center (Hsin Chu, Taiwan). Fungal strains were maintained on potato dextrose agar (PDA; Difco, Sparks, MD) plates at 28oC. Potato dextrose broth (PDB; Difco) omitting 15 g L-1 of agar contains the same ingredients as PDA. A semi-Ganoderma complete medium (SGCM) containing glucose (40 g L-1), peptone (5 g L-1), yeast extract (5 g L-1), KH2PO4 (0.46 g L-1), K2HPO4 (1 g L-1), and MgSO4·7H2O (0.5 g L-1) was also used.28) Production of ganoderic acids (GAs) and intracellular polysaccharides by G. lucidum was evaluated by culturing fungal isolates on PDA, PDB, or SGCM with or without agar. Liquid cultures (25 mL) prepared in a 250 mL flask were incubated in the dark at 28oC with or without shaking (100 rpm). A solid medium (25 mL) containing 15 g L-1 of agar was prepared in a 9-cm diameter petri dish. A layer of sterile cellophane was carefully overlaid onto the agar medium. Fungal inoculum was prepared by growing each strain on PDA overlaid with a layer of cellophane for 7 to 10 d. Fungal mycelium (about. 625 mg) was ground with a sterile Osterizer blender (Oster, Milwaukee, WI) in 50 mL of sterile water, and 5 mg of mycelium was applied to the test media. Fungal mycelium grown in liquid medium was harvested by passing it through a layer of no. 1 filter paper (Advantec, Tokyo) at 7 d intervals. Fungal mycelium that grew on solid medium was peeled from the cellophane layer, and was dried in an oven at 55oC for 2d. Fungal biomasses (g/culture) were determined prior to extraction of secondary metabolites. At least three replicates were analyzed at each time point, and all experiments were repeated 3 times. 
Extraction and detection of ganoderic acids by HPLC. Chyr and Shiao identified 24 individual GAs produced by G. lucidum strains, including BCRC 36111, and developed a HLPC analysis system that separated the individual compounds. 29) These included lanosta-7,9(11), 24-trien-3α-o1-26-oic acid (ganoderic acid 24, GA 24), which was used as standard to quantify GA production in the present study. 29) GAs were extracted from dried mycelium with methanol as described. Fungal mycelium (100 mg) was homogenized by mortar, mixed with 3 mL methanol, and incubated at room temperature overnight on a rotary shaker at 100 rpm. After low-speed centrifugation (2,500 x g) for 10 min, the supernatant was filtered through a 0.22-μm polyvinylidenedifluoride syringe filter (Millipore, Bedford, MA,). The resulting solution (10 μL) was analyzed by a HPLC system equipped with a Model L-2130 pump and a Model L-2200 autosampler (Hitachi, Tokyo). The components of the solution were separated on a prepacked C18 reversed-phase column (Mightysil RP-18 GP Aqua, 5 μm; 25 x 0.46 cm I.D.; Kanto Chemical, Tokyo) using an 80-100% aqueous methanol gradient and 5 mL L-1 of acetic acid as mobile phase.29) Ganoderic acids were detected with a Modle L-2455 diode-array detector (Hitachi) at a wavelength of 243 nm.  Lanosta-7,9(11), 24-trien-3α-o1-26-oic acid (ganoderic acid 24) at a purity over 99% was purified from fungal mycelium of BCRC 36111, identified by 1H NMR, and used as standard to construct a calibration curve to evaluate its presence within the various fungal mycelium samples. The 1H-NMR spectrum showed signals for ganoderic acid 24.30) 1H-NMR (CDCl3, 400 MHz) of : δ = 0.58 (3H, s, H-18), 0.89 (3H, s, H-28), 0.93 (3H, d, J = 6.1 Hz, H-21), 0.94 (3H, s, H-29),0.98 (3H, s, H-30),1.01 (3H, s, H-19), 1.84 (3H, s, H-27), 3.45 (1H, t, J = 2.8 Hz, H-3),5.34 (1H, d, J = 6.3 Hz, H-11), 5.47 (1H, brs, H-7), 6.89 (1H, t, J = 7.2 Hz, H-24).30) Although a few minor unknown peaks were present in BCRC 36111 when analyzed by HPLC in a previous study,29) our results indicate that the overall peak profile increased when the strain was grown on solid PDA culture as compared with liquid PDB culture (data not shown). In addition, we obtained pure GA 24 from BCRC 36111 only as standard compound. Hence, the peak areas of the compounds eluted at 5 to 50 min by HPLC analysis were calculated and defined as total GAs to represent the overall change of peak profile. Ganoderic acid 24 was used as standard to quantify total GAs production. At least three replicates were analyzed at each time point, and all experiments were repeated 3 times.
Measurement of intracellular polysaccharides. Fungal mycelium (100 mg) cultured by PDA or PDB was homogenized with liquid nitrogen, and intracellular polysaccharides were extracted with 1 mol L-1 NaOH for 1 h at 60oC.31) The intracellular polysaccharides were measured by a phenol-sulfuric acid method as described and were quantified using glucose as standard. 32) At least three replicates were analyzed at each time point, and all experiments were repeated 3 times.
Cloning and expression of the squalene synthase and lanosterol synthase-coding genes involved in the biosynthesis of ganoderic acids. A DNA fragment showing amino acid similarity to a squalene synthase was isolated by PCR. Primers glssF263 5' TGGACACGATCGAAGATGACATGAC 3' and glssR1492 5' GCCATCGTTTGTGGGATCGCACAGAA 3' were designed from the conserved nucleotide region of squalene synthase between Ganoderma lucidium (accession no. DQ494675.1) and Coprinopsis cinerea (accession no. XM_001831035.2). Primers glssF263 and glssR1492 were used to amplify a 788-bp DNA fragment from genomic DNA prepared from G. lucidum BCRC 36111. Fungal genomic DNA was purified using a MasterPureTM plant leaf DNA purification kit (Epicentre Biotechnologies, Madison, WI). A lanosterol synthase cDNA fragment (814 bp) was obtained by PCR with primers gllsF1292 5' CGGCGTATCGGCACCAGACGAA 3' and gllsR2105 5' TTCGGGTACGATATCGCGACGTTC 3'. Primers gllsF1292 and gllsR2105 were designed according to the lanosterol synthase of Ganoderma lucidum (accession no. GQ169528.1). Fungal RNA was extracted from BCRC 36111 isolate of G. lucidum cultured on PDA for 7 d with TRIZOL reagent (Invitrogen, Carlsbad, CA). A M-MLV reverse transcriptase (Promega, Madison, WI) was used to synthesize double-stranded cDNA from the total RNA of G. lucidum with gene-specific primers. PCR amplicons were cloned into PCR2.1 vector (Invitrogen) for sequence analysis. Plasmid DNA was propagated in Escherichia coli DH5α cells and extracted with a Plasmid Miniprep Purification Kit (Gene Mark, Taichung, Taiwan). Similarity of the amplified fragments was determined by searching against the databases at the National Center for Biotechnology Information (NCBI) using the BLASTX and the BLASTN program. Standard procedures were performed in Northern blotting analysis. A digoxigenin-11-dUTP (Roche Applied Science, Indianapolis, IN) labeled DNA probe used for RNA hybridization was amplified and labeled by PCR with gene-specific primers. The probe was detected by immunological assay using CSPD as chemofluorescent substrate (Roche Applied Science) for alkaline phosphatase following the manufacturer’s recommendations.
Human cell cultures and MTT assays. Human oral cancer cell line HSC-3 was cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) /F21 (1:1) (Life Technologies, Rockville, MD) containing 2 mmol L-1 of l-glutamine, HEPES, 50 mL L-1 of fetal bovine serum (FBS; Hyclone, Logan, UT), 100 μg mL-1 of streptomycin (Gibco BRL, Rockville, MD) and 100 U mL-1 of penicillin (Gibco BRL). Human lung squamous carcinoma cell line CH27 was cultured in DMEM containing 50 mL L-1 of FBS, 100 μg mL-1 of streptomycin, 100 U mL-1 of penicillin, and 2 mmol L-1 of l-glutamine. Human melanoma cell line M21 was grown in RPMI medium 1640 (Invitrogen, Grand Island, NY) containing 100 mL L-1 of FBS, 100 μg mL-1 of streptomycin, and 100 U mL-1 of penicillin. All the cancer cells used in this study were incubated at 37oC in a humidified chamber under 95% air and 5% CO2. Reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) by a mitochondrial reductase, indicative of live cells, was used to determine the cytotoxic effects of the ganoderic acids extracted from the various fungal cultures. The cells were seeded into a 12-well plate at 1 x 105, 5 x 104, and 3.5 x 104 for CH27, HSC-3, and M21 respectively, and cultured for 48 h. A methanol extract of the fungal mycelium was dried by vacuum and applied to the cultured cancer cells at concentrations of 3-500 μg mL-1. The cancer cells were treated with fungal extracts for 24 h and then incubated in a serum-free medium containing 0.24 mmol L-1 MTT at 37 oC for an additional h. After solubilization of the reduction product of MTT in DMSO (200 μL), the absorbance was measured spectrophotometrically at 550 nm.33) Three replicates for each treatment and four independent experiments were performed.
Statistic analysis. Significance of differences was determined by one-way ANOVA followed by Scheffe's multiple comparison tests, or by Student’s t-test. Statistic significance was expressed as p < 0.05, p < 0.01, p < 0.001.
Results
Fungal growth and production of ganoderic acids in axenic cultures
Fungal strains BCRC 36111 and BCRC36674 are type cultures of G. lucidum deposited in the Bioresource Collection and Research Center (Hsin Chu, Taiwan). They were examined for GA production. The fungal biomass was higher when the BCRC36111 strain was cultured on PDA than in PDB (Fig. 1A). Small amounts of lanosta-7,9(11), 24-trien-3α-o1-26-oic acid (ganoderic acid 24), less than 6.4 μg per 100 mg dry weight (DW), were detected in the BCRC36111 strain grown in submerged PDB with and without agitation at week 4. BCRC36111 grown on PDA accumulated high levels of ganoderic acid 24, reaching 42.3 μg 100 mg-1 DW at week 4 (Fig. 1C). Similar results were observed when the BCRC36674 strain was tested. PDA culture provided more biomass than shaking PDB or static PDB culture (Fig. 1B). The BCRC36674 strain grown on PDA accumulated about 45.5 μg per 100 mg DW of ganoderic acid 24 at week 4, increasing nearly 16.1- to 26.8- fold compared to that produced by PDB culture (Fig. 1D). Moreover, both BCRC36111 and BCRC36674 accumulated greater amounts of total garoderic acids when grown on PDA than in PDB (Fig. 1E and F). Compared to BCRC36111, the BCRC36674 strain was a superior producer of garoderic acids. Growing G. lucidum on a solid synthetic medium (SGCM ) did not enhance GA production (data not shown).
Intracellular polysaccharides accumulated in G. lucidum 
Polysaccharides purified from the fruiting body of G. lucidum might also have pharmacological abilities. Production of intracellular polysaccharides by BCRC36111 or BCRC36674 gradually decreased over time when they were grown on PDA or in shaking submerged PDB (Fig. 2). When the fungal strains were incubated in static PDB culture, the amounts of intracellular polysaccharides accumulated slowly and gradually increased with incubation time. Total intracellular polysaccharide production for the various PDA cultures was 1.2-fold to 2.8-fold greater than that obtained by shaking PDB or static PDB culture at week 4.
Differential expression of the squalene synthase (SQS) and lanosterol synthase (LS) coding genes
A 788-bp DNA fragment obtained by PCR amplification from genomic DNA of BCRC36111 was sequenced. It showed similarity to squalene synthases of the G. lucidum HG strain (accession nos. DQ494674.1 and ABF57213.1). An 814-bp cDNA fragment displayed similarity to lanosterol synthases of G. lucidum (accession no. GQ169528.1 and ADD60469.1).  The DNA fragment was labeled with digoxigenin and used as probe to hybridize the total RNA isolated from the BCRC36111 strain of G. lucidum grown on various media. Northern blot analysis indicated that both the squalene synthase and the lanosterol synthase coding genes were highly expressed in mycelium cultured on PDA (Fig. 3A). In contrast, the expression of both genes was apparently downregulated when the fungus was cultured in static or shake PDB as assayed at days 5 and 10. Quantitative analysis of the intensities of the various hybridizing bands after normalizing from those of the 28S RNA transcript further confirmed that both the SQS and the LS coding genes were highly expressed in G. lucidum grown on PDA (Fig. 3B). 
Assays for cytotoxicity
To determine whether the methanol extracts from G. lucidum have biological activities, the viability of three cancer cell lines, human lung squamous carcinoma cell line CH27, human melanoma cell line M21, and human oral cancer cell line HSC-3, were evaluated by MTT assay. The culture extracts were dried, weighted, and dissolved in DMSO to make a stock solution. Incubation of the human cancer cell lines with the mycelium extracts prepared from G. lucidum induced cell death (Fig. 4). Testing using the same amounts of the extracts indicated that those from the mycelium purified from G. lucidum cultured on PDA showed greater cell toxicity to the three cancer cell lines than those from the mycelium cultured in PDB (Fig. 5). The culture extracts prepared from G. lucidum grown on PDA, at a concentration of 30 μg mL-1, decreased the cell viability of M21 and HSC-3 by more than 80%. In contrast, the extracts purified from the fungus grown in PDB displayed very low levels of cellular toxicity to the M21 and HSC-3 lines at 30 μg mL-1. In the CH27 cell line, cell viability of 33.3% was obtained when cancer cells were incubated with 50 μg mL-1 of extract from PDA culture, as compared to cell viability of 90.5% with 200 μg mL-1 of extract from PDB culture. Both the M21 and the HSC-3 cancer cell line were more sensitive to the G. lucidum extracts than the CH-27 line.  
Discussion
The fungus G. lucidum has been found to produce a wide array of GAs with potent pharmacological activities. The fruiting body of G. lucidum is widely used as a herbal medicine and functional food in Asia. Due to the long cultivation time needed to produce the fruiting body, fungal mycelium produced by liquid submerged culture is used as a functional food. Intensive studies have been carried out to improve the production of GAs in submerged culture.34,35) Xu et al. found that growing G. lucidum in static liquid culture rather than shaking liquid culture promoted GA production by 6-fold to 25-fold.19) In the present study, we cultured G. lucidum strains on solid PDA plates and found that this resulted in higher levels of GAs and better biomass production than submerged liquid PDB culture (Fig. 1).  This indicates that short-term culture on solid-medium is a potential approach to obtaining fungal mycelium with high GA contents. Solid-medium culture, then, might be a more efficient approach to the production of fungal mycelium with functional compounds than submerged liquid culture. Solid-state fermentation has successfully been used recently for the production of enzymes and secondary metabolites by a range of different microorganisms.36,37) 
PDA apparently supports greater fungal propagation, but fungal growth alone does not account for the higher levels of GAs accumulation. Growing the BCRC 36111 strain of G. lucidum on a solid SGCM medium increased fungal growth by 2 to 3-fold as compared to the fungus grown in submerged SGCM, but there was no difference in GA accumulation as between fungi grown on solid and in submerged SGCM (data not shown). It appears that PDA supports greater accumulation of GAs by affecting the general metabolism and physiological functions of the fungus. As with many fungal secondary metabolites, the production of GAs by a G. lucidum strain is also affected by diverse nutrition. The addition of yeast extract, peptone, corn flour, or soybean powder to submerged culture has been found to promote GA production.21,23) In a manner similar to that used for submerged culture, optimization of culture medium and conditions can be applied to solid-medium culture with the aim of increasing mycelium production, improving GA production and producing functional foods with higher biological activity. 
In addition to triterpenoids, polysaccharides produced by G. lucidum have pharmacological activities.2) Our studies indicate that accumulation of intracellular polysaccharides in the BCRC36111 strain grown on PDA or in PDB occurs at 7 d, consistently with findings reported by other groups.31,38) Although growing G. lucidum on PDA markedly enhanced the production of GAs, PDA did not support high levels of intracellular polysaccharides.
Alchohol–soluble triterpenoids had broad anticancer activities as tested using several mouse and human cancer cell lines. Triterpenoids purified from various sources have been found to have toxic effects against bladder cancer, gastric carcinoma, hematoma, leukemia, and cervical cancer cells.


12,39-41 ADDIN EN.CITE ) Ganoderic acids isolated from G. lucidum have also been found to suppress growth or to induce the cell death of various types of cancer cells. For example, ganoderic acid T induced cell cycle arrest at the G1 phase and mitochondrial mediated apoptosis in lung cancer cell line 95-D.11) Ganoderic acid D induced G2/M cell cycle arrest and apoptosis in HeLa cervical cancer cells.41) In addition, GAs and other active components have distinct cytotoxicity against a broad spectrum of cancer cell lines, including hematoma cell lines HepG2, HepG2,2,15, p-388, and HuH-7, colorectal carcinoma HCT-116, Burkitt’s lymphoma Raji cells, leukemia HL-60 cells, and oral epidermoid carcinoma KB cells.


12,42-44 ADDIN EN.CITE ) In the present study we found that culture extracts prepared from G. lucidum were highly toxic to human lung cancer cells CH27, oral cancer cells HSC-3, and skin cancer cells M21, confirming the broad pharmacological activities of G. lucidum. Thus, PDA supports greater production and accumulation of GAs and many other active substances in G. lucidum.
Chyr and Shiao isolated and characterized the structures of GAs from several stains of G. lucidum, including strains BCRC 36111 and BCRC 36774. These compounds contained ganoderic acid Me, ganoderic acid T, and GA 24.29) Ganoderic acid Me and T have been found to display anticancer activities,11,45) but GA 24 has never been documented to show cytotoxic activity against cancer cells. Our results indicate that PDA culture provided more GA 24 and total GAs than PDB culture. In addition, using LC/MS to identify the presence of ganoderic acid Me in BCRC 36111, our results also indicate that the production of ganoderic acid Me using PDA culture was significantly higher than using PDB culture (data not shown). These results suggest that higher ganoderic acid Me, ganoderic acid T, or other GAs using solid PDA culture can result in higher cytotoxicity. Nevertheless, we cannot rule out the possibility that compounds other than triterpenoids may have contributed to the higher level of cytotoxicity obtained by solid PDA culture.
Enhanced expression of genes whose products are involved in the biosynthesis of triterpenoids doubtless increases the production and accumulation of triterpenoids. Xu et al. reported that production of individual GAs (GA-T, -Me, -S, and –Mk) and gene expression of squalene synthase (SQS) and lanosterol synthase (LS) were markedly enhanced by static liquid culture as compared with shaking culture.19) Both phenobarbital and methyl jasmonate enhanced the production of GAs and upregulated the genes coding for SQS and LS.


46, ADDIN EN.CITE 47) Both squalene synthase and lanosterol synthase play critical roles in the biosynthesis of triterpenoids in plants and fungi. In this study, gene expression of SQS and LS in mycelium cultured on PDA for 5 d was significantly greater than in mycelium grown in PDB culture at day 5 and 10.   Compared to day 5, gene expression was decreased at 10 d on PDA culture in both cases. However, PDA culture still showed higher expression of SQS and LS than PDB culture did. Thus, high expression of SQS and LS in early-stage culture on PDA might play critical roles in the biosynthesis of GAs. It is proposed that oxidation, reduction, hydroxylation, and demethylation occur in order to synthesize specific GAs from lanosterol. Upregulated expression of other GAs biosynythetic genes might contribute to continuous GAs production in PDA culture.
In summary, submerged culture of fungal mycelium was intensively studied, and fungal mycelium obtained by submerged culture was used as functional food in G. lucidum. In this study, submerged liquid and solid-medium cultures to produce fungal mycelium were compared. Solid-medium culture increased biomass, ganoderic acid 24, and the total amounts of GAs. Gene expression of squalene synthase and lanosterol synthase was also enhanced in solid-medium culture. Triterpenoid-enriched extract from mycelium obtained by solid-medium culture showed higher cytotoxicity against human lung cancer cell CH27, melanoma cell M21, and oral cancer cell HSC-3 than that from submerged culture. To the best of our knowledge, this is the first study to indicate that solid medium culture increases both GA production and the biological activity of fungal mycelium, suggesting that solid medium culture might be a useful approach to obtaining mycelium with a high level of bioactive GAs as well as increased bioactivity.
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Figure legends
Fig. 1. Fungal Biomass (A, B) and Accumulation of Lanosta-7,9(11), 24-trien-3α-o1-26-oic Acid (ganoderic acid 24) (C, D), and Total Ganoderic Acids (E, F) of Ganoderma lucidum Strains BCRC 36111 and BCRC36674 in Axenic Cultures.
Fungal isolates were cultured on potato dextrose agar (◆), and in potato dextrose broth with (■) and without shaking (▲). Fungal biomass was measured after it was dried at 55oC for 2 d. Data were presented as the means of three independent samples with standard deviations. *p < 0.05, **p < 0.01, ***p < 0.001 as compared with the potato dextrose agar group.  
Fig. 2. Intracellular Polysaccharides That Accumulated in Ganoderma lucidum Strains BCRC 36111 (A) and BCRC 36674 (B).
Fungal isolates were cultured on potato dextrose agar (PDA), in potato dextrose broth with 100 rpm shaking (PDB shaking), and in static potato dextrose broth (PDB static). Data were presented as means of three independent samples with standard deviations. *p < 0.05, **p < 0.01, ***p < 0.001 as compared with the potato dextrose agar group.  
Fig. 3. Expression of the Genes Coding for Squalene Synthase and Lanosterol Synthase in the BCRC 36111 Strain of Ganoderma lucidum Grown on Potato Dextrose Agar (PDA), in Static Potato Dextrose Broth (PDB static), and in Potato Dextrose Broth with 100 rpm Shaking (PDB shaking).  
A, Total RNA was extracted and hybridized to a DNA probe for the sequalene synthase (SQS) or lanosterol synthase (LS) gene transcript. B, The intensity of hybridizing bands was normalized with 28S rRNA.
Fig. 4. Cell Viability of Human Cancer Cell Lines CH27 (A), M21 (B), and HSC-3 (C) Treated with Methanol Extracts Prepared from G. lucidum Grown on Potato Dextrose Agar (PDA) or in Static Potato Dextrose Broth (PDB).  
Cancer cells were incubated with mycelium extract for 24 h, and their viability was determined microscopically. 
Fig. 5. Cell Viability of Human Cancer Cell Lines, CH27 (A), M21 (B), and HSC-3 (C) Treated with Methanol Extracts Prepared from G. lucidum Grown on Potato Dextrose Agar (PDA) or in Static Potato Dextrose Broth (PDB) for 4 Weeks.  
Cancer cells were cultured for 48 h and then treated with mycelium extracts for 24 h.  Cell viability was determined by MTT-based colorimetric assay. Data were presented as mean percentage with standard deviation of triplicate samples from four independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 as compared with the potato dextrose agar group. Student’s t-test was used for statistical analysis.
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