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ABSTRACT 

 
Ganoderma, a cosmopolitan genus of polypore mushroom, is known to have a number of interesting 

medicinal properties.  The Lower Volta River Basin is reportedly rich in several species of polypore 

mushrooms resembling Ganoderma.  Despite the medicinal importance, the Ganoderma mushroom isolates 

obtained from this river basin have not been well studied.  In this present research study, sequence analysis 

of the internal transcribed spacer 2 (ITS 2), complete internal transcribed spacer (ITS) and the nuclear large 

subunit (nLSU) was used to identify collected Ganoderma from this riverine Lower Volta Basin.  Ultra 

performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) 

was used to study the chemical constituents of the mycelial biomass of these Ganoderma mushrooms and 

the effect of their extracts and fractions on the human carcinoma cell line PC-3 and two human lymphoma 

cell lines; Jurkat, derived from a T cell leukemia and plasmacytoid dendritic cell (pDC) derived from acute 

leukemia evaluated using the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 

assay.  The result of the sequence analysis revealed that the Ganoderma sample designated Ganoderma 

sample 2 belongs G. mbrekobenum species whereas three of the Ganoderma muhrooms belong to the 

species G. enigmaticum.  The sequence analysis further demonstrated that Ganoderma sample coded 

Ganoderma sample 17 belongs to the species G. resinaceum whereas the sample designated Ganoderma 

sample 9 belongs to G. weberianum-sichuanese species complex. Thus, the native Ganoderma mushrooms 

collected in the present study belong to four mushroom species, namely G. mbrekobenum, G. enigmaticum, 

G. resinaceum and G. weberianum-sichuanese species complex.  The current data on molecular identity 

and phylogeny of Ganoderma mushrooms from Ghana would be helpful in future studies relating to 

molecular evolution and medical implications of Ganoderma isolates from different regions of Ghana and 

other part of the world.  The total ion chromatogram (TIC) data demonstrated an interesting metabolic 

profile difference, suggesting UPLC-Q-TOF-MS could be used to differentiate between Lower Volta River 

Basin Ganoderma isolates based on their mass spectra.  The PLS-DA score plot of the mycelial biomass 

was separated into three distinct clusters, consistent with the phylogenetic analysis in the current study 
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which showed that the Ganoderma mushrooms used in the current metabolomic study belong to three 

different species.  UPLC-Q-TOF-MS analysis revealed the presence of six lanostane-triterpenoids in the 

mycelia biomas of three Ganoderma mushrooms.  Ganoderenic acid A, Ganoderenic acid D, Ganoderic C6 

and Ganoderic acid G were identified in the mycelia biomass by comparing their mass spectra with pure 

reference compounds. The remaining two (Ganoderenic acid K and Ganoderic acid AM1), due to absence 

of reference pure compounds, were annotated by comparing their mass spectra with Ganoderma lanostane 

triterpenoids previously reported in literature.    The result of the biological activity evaluation showed the 

fraction GL-C2 significantly (≤ 0.05%) inhibited the proliferation and survival of the three cancer cell lines, 

PC-3, pDC and Jurkat with increasing concentrations and with IC50 values of 27.73±5.25, 21.31±2.40 and 

17.09±0.86 μg/mL, respectively compared to Chang liver cells (CVCL_0238) with an IC50 value of 

75.41±1.95 μg/mL.  The study further demonstrated that the subfraction GL-C2-C1 from GL-C2 

demonstrated a potent cytotoxic effect against PC-3 with IC50 value of 3.24± 0.10 μg/mL compared to 

curcumin with IC50 = 5.13± 0.86 μg/mL.  This finding suggests that the subfraction GL-C2-C1 could be an 

excellent candiadate for developing new treatment option for prostate cancer prevention or treatment.  The 

results also revealed that the subfractions GL-C2-C4 and GL-C2-C5 potently inhibited the growth and 

survivl of pDC with IC50 values of 19.95±0.50 and 13.57±2.14 μg/mL, respectively, suggesting GL-C2-C4 

and GL-C2-C5 may be useful in modulating the production of type I interferon (IFN-1) by suppressing the 

viability of pDCs and may thereby be useful in developing biopharmaceuticals for treating disorders 

associated with pDCs.  Thus, the current findings demonstrated that specific mycelial fractions are 

selectively cytotoxic to the three human cancer cell lines suggesting their potential efficacy in the treatment 

of malignancies. Future study with other cancer cell lines, primary pDCs, T cells, B cell and macrophages 

as well as animal models is worthy of investigation.  The isolation of the bioactive compounds in GL-C2-

C1 may lead to a novel bioactive compound that can be used in developing new treatment for prostate 

cancer whereas novel bioactive compounds from GL-C2-C4 and GL-C2-C5 may lead to a novel 

compound for developing new treatment for disorders associated with pDC.   
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1.1 Ganoderma: - The Ancient Biomedical Fungus 

Medicinal mushrooms have been used for long because of their novel pharmaceutical attributes and have gained 

increasing attention in health research (Cheung et al., 2010; Zhang et al., 2016).  Several medicinal mushroom 

species have been developed into dietary supplements for health maintenance or therapeutic “agents” for 

prevention or treatment of chronic disorders and neurodegenerative diseases (Zhang et al., 2016).  In China, Japan 

and Korea, Ganoderma mushroom is one of such medicinal mushrooms that plays a major role in their traditionl 

medical system because of its health-promoting properties (Xu et al., 2011; Wachtel-Galor et al., 2011).  In 

Namibia for example, Ganoderma mushrooms are burnt and the smoke is inhaled for relieving flu.  This ancient 

biomedical fungus Ganoderma is regarded in some cultural practices as a symbol of ‘longevity and immortality’ 

(Wasser, 2005; Halpern, 2007; Lin, 2009).  Ganoderma was, therefore, represented in different ancient Chinese 

art work most probably because of its medicinal and cultural importance (Wasser, 2005; Halpern, 2007).  The 

inclusion in the Chinese pharmacopoeia dating several years back (Halpern, 2007; Chen et al., 2012) and recently 

in Herbal pharmacopoeia and therapeutic compendium of America (Upton, 2000) strongly highlighted the 

medicinal and economic importance of Ganoderma as a biomedical fungus.  It has been reported that ancient 

Malaysian traditional healers cut Ganoderma mushrooms into pieces and worn round the neck of children in the 

form of strings for treating epilepsy (Tan, 2015).  However, in modern traditional medicine Ganoderma 

mushrooms, have been cited for treating chronic fatigue syndrome, diabetes, hepatitis, lower cholesterol level, 

prevent formation of blood clot and tumor growth (Halpern, 2007). 

 

1.2. Ganoderma Bioactive Metabolites 

Modern biochemical studies revealed the mycelia, fruit bodies or spores of Ganoderma mushrooms are rich in 

diverse biologically active compounds, including polysaccharides, triterpenoids, proteins, steroids, sterols,  
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nucleotides, fatty acids and vitamins. These biologically active compounds are reported to have a number of 

interesting biopharmaceutical properties (Radwan et al., 2011; Xu et al., 2011; Ahmad et al., 2018).  Ganoderma 

is considered by many as a cell factory for producing pharmacologically active compounds.  Ganoderma 

polysaccharides (GPS), for example, have been shown to activate a number of important immune cells in the body 

(Xu et al., 2011).  The activated cells include T lymphocytes, macrophages and natural killer (NK) cells.  Numerous 

authors reported that the activation of these cells by GPS leads to production of IL-6, IL-12 and IFN-γ in these 

cells.  GPS are interestingly known to inhibit mast cells but activate lymphocytes and complement system (Min et 

al., 2001, Seo et. al., 2009).   

Ganoderma triterpenoids (GTs), on the other hand, possess wide spectrum of biological activities.  The most 

important biological activities of GTs include antitumour, antiviral, antihypertensive, antiangiogenic, 

immunomodulating, antihepatitis, antioxidant, anticomplement, and antimicrobial (Akihisa et al., 2007; Boh et al., 

2007 and Xu et al., 2011).  Dudhgaonkar et al. (2009) reported that GTs unlike GPS have been shown to remarkably 

suppressed the secretion of TNF-α,  IL-6, NO and PGE(2)) from lipopolysaccharide (LPS)-stimulated murine 

RAW264.7 cells   In  another similar study, GLTs have been shown to suppress in RAW264.7 cells the expression 

of inducible nitric oxide synthase (NOS), the enzyme catalyzing the production of nitric oxide (NO) and 

cyclooxygenase 2 (COX-2), the enzyme catalyzing the synthesis of the proinflammatory mediators, prostaglandins 

(Bhardwaj et al., 2014).  These authors observed that the antiinflammatory and antiproliferative actions of GLT on 

cells such as macrophages was mediated through the inhibition of NF-kappaB and activator protein-1 (AP-1) 

signaling pathways.  Thus, while GPS activate secretion of inflammatory cytokines, GTs suppress the secretion of 

cytokines.  The opposing role of GPS and GTs, with regard to secretion of inflammatory cytokines has, therefore, 

made Ganoderma mushroom an interesting biomedical fungus to study.   

Numerous ergostane bioactive compounds with multifaceted biopharmacological activities have been isolated 

from Ganoderma mushrooms and they include antitumour (Chen et al., 2009; Cui et al., 2010), antiaging (Weng 

et al., 2010), antiinflammatory (Akihisa et al., 2007), anticomplement (Seo et al., 2009), and cholesterol lowering 
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(Kim, 2010).  Β-sitosterol and its related glycosides is another important class of bioactive compounds found in 

Ganoderma mushrooms.  Β-sitosterol and its glycosides are known to have biological activity against breast, 

prostate, colon, lung, stomach and ovarian cancer cells (Bin et al., 2015).  Other interesting biological activities of 

β-sitosterol include mosquito larvicidal, trypanocidal, and neutralizing effect on viper and and cobra venom among 

others (Saeidnia et al., 2014).  Silva et al. (2003), in another interesting study, isolated two novel cerebrosides from 

some species of Ganoderma mushrooms and the isolated cerebrosides have been shown to have inhibitory effect 

against DNA polymerase, which may lead to cell death.  In addition, several biologically active long chain fatty 

acids, including nonadecanoic, heptadecanoic and hexadecanoic acids with antitumour proliferation effect have 

been isolated from some species of Ganoderma mushrooms (Fukuzawa et al., 2008; Gao et al., 2012).  Nucleosides 

and nucleobases are another interesting class of bioactive compounds isolated from some Ganoderma mushrooms 

(Gao et al., 2007).   Generally, nucleosides and nucleobases from different sources, including those from 

Ganoderma mushrooms, have been reported to modulate a number of human physiological processes (Jacobson et 

al., 2002, Sánchez-Pozo et al., 2002; Guo et al., 2013), which include antiplatelet aggregation, antiarrhythmic and 

antiseizure effects (Schmidt et al., 2000, Anfossi et al., 2002 and Wang et al., 2008).  Similarly, proteins with 

remarkable immunomodulatory effects, for example, LZ-8, a 12 kDa protein, have been purified from the 

mycelium culture of G. lucidumWu et al. (2008), indicating G. lucidummay be good candidate for the prevention 

or treatment of cancer and autoimmune diseases.  Besides the above biologically active compounds, trace minerals, 

including selenium and germanium, known to have anticancer effect, have been reported from some Ganoderma 

mushroom species.   

 

1.3. Health-Promoting Properties of Ganoderma 

Sanodiya et al. (2009) and Ahmad et al. (2018) reported a wide range of striking therapeutic properties associated 

with Ganoderma mushrooms. These striking therapeutic properties include anticancer  and mmunomodulatory 
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among others (Ahmad et al., 2018)  As a result of these striking medicinal properties mushrooms, belonging to the 

genus Ganoderma, are used in traditional medicine in many parts of the world (Radwan et al., 2011) 

 

1.3.1. Anticancer and Immunomodulatory Activities of Ganoderma 

Lin and others (2004) showed that polysaccharides from Ganoderma mushrooms can induce macrophages or T 

lymphocytes to secrete TNF-α and IFN-γ to suppress tumour cells growth by apoptosis.  Although most of the 

immunomodulatory attributes of Ganoderma mushroom is credited to Ganoderma polysaccharides, recent studies 

have shown that methanol or ethanol soluble extracts, containing triterpenes from Ganoderma, can enhance 

expression of cellular immune activity and antigen processing and presentation (Radwan et al., 2011).  For 

example, administration of ganoderic acid Me (GA-Me) has been shown to increase significantly NK cell activity 

and production of IL-2 and IFN-γ through upregulation of nuclear factor-κB (NF-κB) (Radwan et al., 2011).  In 

another study, GA-Me has been shown to reverse the multidrug resistance (MDR) in colon cancer cells by inducing 

apoptosis through upregulation of p-p53, Bax, caspase-3, caspase-9 and downregulation of Bcl-2 (Jiang et al., 

2011).  Similarly, ganoderic acid X, another lanostanoid triterpene, was shown to suppress topoisomerases and 

induce apoptosis in numerous tomour cell lines (Li et al., 2005).  In a similar intriguing study, dried powder of G. 

lucidum, consisting of 13.5% polysaccharides and 6% triterpenes, was shown to suppres angiogenesis (Stanley et 

al., 2005).  The finding suggested G. lucidum could inhibit prostate cancer and, therefore, may have use for 

reatment of angiogenesis-dependent prostate cancer (Stanley et al., 2005).  These interesting anticancer and 

immune modulating activities may explain why Ganoderma polysaccharides and triterpenes are used as 

chemoimmunotherapeutic agents against some cancers.   

1.4. Ganoderma and its Health Supplements 

Health supplements derived from Ganoderma mushrooms come in diverse and various forms such as coffee, tea, 

capsules or tablets (Lai et al., 2004, Singh et al., 2013) and are formulated from intact fruiting bodies that processed 
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into capsules or tablets (Wachtel-Galor et al., 2011).  These health supplements have gained wide acceptance in 

developed countries such as China, Japan, USA (Paterson (2006) and several developing countries including Ghana 

although theirv effectiveness hass not be established in properly controlled clinical study.  However, Wang et al. 

(2012) reported health supplements from Ganoderma are used for enhancing cellular immune response or treating 

diseases associated with immune disorders.  Nevertheless, it takes a long time to produce Ganoderma mushroom 

fruiting bodies and the cultivation technique does not always guarantee production of standardized products.  As a 

result, liquid or solid fermentation techniques have been introduced to produce Ganoderma health supplements to 

meet the increasing demand and ensure quality products throughout the year (Wachtel-Galor et al., 2011).  In liquid 

or solid fermentation approach, Ganoderma health supplements are formulated from either (i) dried and powdered 

mycelia or (ii) pulverised mycelial and mushroom primordia combinations (Wachtel-Galor et al., 2011).  Gano 

UltraTM, manufactured by Aloha Medicinals Inc, a U.S. biotechnology company, is one of such Ganoderma 

mycelial-based health supplements.  This supplement, according to the manufacturer, is a combination product of 

the mycelium, primordia, fruiting body, spores, and extracellular compounds.  (https://alohamedicinals.com, 

accessed 13 July 2019).  However, other supplement manufacturing companies reportedly formulate their 

supplements from Ganoderma polysaccharides and triterpenoids extracted from the fruit bodies and mycelia and 

then tableted or encapsulated separately or integrated together in some proportions (Wachtel-Galor et al., 2011).  

 

1.5. Identification of Ganoderma Species 

In view of the growing interest in Ganoderma mushroom as health promoting biomedical fungus, it is very 

important to establish correctly the identity of the various species used in formulating health supplements.  The 

key morphological features used traditionally in identification of Ganoderma mushroom species include  (i) shape 

and size of basidiospores, (ii) inner core context color and consistency and (iii) microanatomy of fruit body pilear 

crust (Wachtel-Galor et al., 2011).  However, these morphological features vary widely a result of differences in 

geographical locations, climatic conditions and natural genetic influences such as mutations and recombination of 
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individual species.  This has imposed serious limitation on Ganoderma identification (Hapuarachchi et al., 2018).  

Furthermore, fungal identification by traditional taxonomy is an experience-based science and most researchers in 

Africa lack expertise in this field.  As a result, researchers have recommended nuclear based molecular approach 

as one of the most reliable methods for identifying fungi such as Ganoderma (Richter et al., 2015; Welti et al., 

2015).  The nuclear based molecular approach, which involves DNA sequence analysis, is one of the reliable 

practical methods for molecular identification of Ganoderma muhrooms.  Recently, Ghana Food Research Institute 

collaborated with with University of Minnesota to establish the molecular identity of Ganoderma from Ghana 

using nuclear based molecular approach.  This collaborative study led to naming of two Ganoderma species, 

Ganoderma wiiroense (Otto et al., 2015) from Sisala district of Northern Ghana and Ganoderma mbrekobenum 

from Brong Ahafo and Greater Accra Regions of Ghana (Otto et al., 2016).  The Lower Volta River Bank (LVRB) 

of Ghana, undulating land covered with extensive water bodies and high vegetation, has a widespread distribution 

of polypore mushrooms resembling Ganoderma but no well-structured studies have been conducted on 

Ganoderma species from this part of Ghana.  The extensive water bodies and high vegetation may explain why 

there is a widespread distribution of polypore mushrooms in the area.   

 

 

1.6. Research Question 

● What is the molecular identity of the Ganoderma mushrooms collected from the riverine Lower Volta Basin 

using sequence analysis of nuclear ribosomal regions (ITS2, ITS and LSU)?  

● What are the major active components (lanostane triterpenoids) present in the mycelia biomass of these native 

Ganoderma mushrooms uing LC-MS-MS metabolomic approach? 

● How would the extracts and fractions of the mycelial biomass influence survival or vibility of human prostate 

carcinoma (PC-3), human T lymphoblastic leukemia (Jurkat) and human plasmacytoid dendritic cell (pDC) 

deived from acute leukemia, in comparison with Chang (normal) liver cell?  

University of Ghana http://ugspace.ug.edu.gh



 
 

8 

1.7.  Aims and Objectives 

 

17.1. Aim of Study:   

To study molecular identity, metabolomics and biological activity of polypore mushroom resembling 

Ganoderma collected in the present study from the Lower Volta River Basin  

1.7.1.1 Specific Objectives: 

The specific objectives of this study were to: 

1.7.1.1.1 To  establish molecular identity and phylogenetic position of Ganoderma mushrooms collected from 

LVRB by analyzing the nuclear ribosomal ITS2, ITS and LSU regions 

1.7.1.1.2. To characterize the major active components (lanostane triterpenoids) present in the native Ganoderma 

mushroom from Lower Volta Basin by LC-MS-MS metabolomic analysis.   

1.7.1.1.3 To elucidate the effect of extracts, fractions and subfractions of mycelial biomass on human prostatic 

tumor cell line (PC-3) and human lymphoma cell lines; Jurkat, derived from a T cell leukemia and 

plasmacytoid dendritic cell (pDC) derived from acute leukemia, in comparison with Chang liver cell 

(normal liver cell)  

 

1.8. Justification for the Study 

The study would help to establish the molecular identity and phylogenetic status of the collected Ganoderma 

mushrooms from the riverine Volta Basin of Ghana, which would be helpful in future studies relating to molecular 

evolution and medical implications of Ganoderma isolates from Ghana and other parts of the world.  The UPLC-

Q-TOF-MS-MS metabolomic study would not only help to clarify the differences and similarities in the 

metabolites present in the Ganoderma mushrooms from this area but would also provide insight into the major 

secondary metabolites (lanostane triterpenoids) produced by these local Ganoderma muhrooms.  The evaluation 
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of effect of extracts, fractions and subfractions of mycelial biomass on human carcinoma cell lines (PC-3) and two 

human lymphoma cell lines; Jurkat, derived from a T cell leukemia, and PMDC05, a plasmacytoid dendritic cell 

(pDC) derived from acute leukemia, may help to unlock biopharmaceutical potentials of native LVRB Ganoderma 

isolates  
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2.1 Ganoderma and Historical Account  

Li et al. (2014) described Ganoderma as a medicinally famous mushroom belonging to the family 

Ganodermataceae, order Polyporales, class Agaricomycetes and phylum Basidiomycota The name gan is a Latin 

word which mens “shiny” referring to the surface appearance and derm, which means “skin,” denoting the glossy 

exterior and woody texture of this biomedical fungus (Wachtel-Galor et al., 2011).  Ganoderma mushrooms has 

been classified into six main categories (red, black, yellow, white, blue and purple) based on the fruit body colour.  

However, at the macroscopic or morphological level, Zheng et al. (2007) reported Ganoderma mushrooms have 

been divided into two distinctive subgenera namely, G. lucidum complex and G. applanatum complex.  While in 

Japan, the medicinal mushroom Ganoderma is called Reishi, which means ‘divine mushroom’ or Mannetake, 

meaning ‘10,000-year mushroom’, in China, it is variously called by names, including Ling Chu, Ling Chih and 

Ling Zhi, denoting mushroom of immortality (Halpern, 2007).  Ganoderma is known to have a reputation as a 

medicinal material and referred to as a “herb of spiritual potency,” particularly in most Asian countries (Halpern, 

2007).  The consumption of this ancient medical fungus, prior to its artificial cultivation, was the preserve of only 

the rich and privileged in society (Wachtel-Galor et al., 2011).  Currently, Ganoderma mushroom gained popularity 

as functional food supplement in China, Japan, USA (Lindequis et al., 2005) and now can be found in health shops 

in several other countries including Ghana.  Although the medicinal attributes of Ganoderma is based largely on 

hearsay rather than hard facts, traditional uses as well as ritual and cultural practices, several modern 

biopharmacological studies, to some extent now, support many of the ancient therapeutic claims (Halpern, 2007, 

Wachtel-Galor et al., 2011, Radwan et al, 2015, Cheng et al., 2010, Jiang et al.2004 ).   

Ganoderma has a long and memorable history.  It has been reported that Taoist priests were the first to experience 

the medicinal effects of Ganoderma mushrooms.  Halpern (2007) reported that Chinese Taoist priests were using 

Ganoderma to prepare special spiritual or magic food that would enable them to attain higher spiritual state.   

Professor Dr. Georges M. Halpern disclosed in his book “Healing Mushrooms” an interesting poem regarding the 

spiritual use of Ganoderma mushroom written by Wang Chung of the Han Dynasty as follows:   
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“They dose themselves with the germ of gold and jade 

And eat the finest fruit of the purple polypore fungus 

By eating what is germinal, their bodies are lightened 

And they are capable of spiritual transcendence” 

The poem suggested the Chinese priests were using purple polypore fungus (purple Ganoderma) which might 

contain metabolites that were helping them to build energy, increase stamina and calm cells of the brain (Halpern, 

2007).  In the Chinese oldest materia medica called Herbal Classic, Ganoderma was assigned the first place in the 

superior grade ahead of ginseng, a popular Korean herbal drug.  Halpern (2007) reported that Ganoderma 

muhrooms were attributed with numerous medicinal properties.  These attributes include spleen tonifying, energy 

enhancing, strengthening of cardiac function, memory enhancing and anti-aging.  The famous State Pharmacopoeia 

of China (2000) stated that Ganoderma mushrooms can relx the mind.  This may explain why this medical fungus 

may be used to attain a higher state of consciousness during meditation.   

 

2.2. Ganoderma Systematics and Phylogenetics 

Richter et al. (2015) reported Ganoderma mushroom species in the world ranged from 250 to more than 400.  The 

origin of Ganoderma is currently in doubt and several authors argued this biomedical fungus originates from the 

tropical regions, because they can survive under hot and humid conditions, before spreading to the temperate zones 

of the world (Pilotti et al., 2004; Jargalmaa et al., 2017).  The reproductive structure of Ganoderma, which is the 

form that grows from a living or dead wood trunk which may influence the metabolites they are likely to produce, 

is characterized by a shiny pileus surface and a two-layered basidiospore wall with a truncated apex (Moncalvo, 

2000).  Although these structural features are used in traditional fungal systematics, they have very limited value 

for species identification.  
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2.2.1. Traditional Systematics 

Morphological features such as (i) basidiospore shape and size, (ii) context colour and consistency and (iii) 

microstructure of pilear crust seem to be more reliable for Ganoderma mushroom identification.  However, it has 

been observed that a typical spore is similar for dozens of Ganoderma species.  This has made accurate 

identification of Ganoderma based on basidiospore shape and size very difficult (Jargalmaa et al., 2017).  Although 

colour and consistency of context and pilear crust microstructure are used by some researchers in Ganoderma 

mushroom identification, they are known to change with age and exposure to different environmental conditions, 

leading to variation in these macroscopic and microscopic features (Hong et al., 2001).  As a result, identifying 

Ganoderma mushrooms based on macroscopic and microscopic features only is very difficult (Zheng et al., 2007).  

Although chlamydospore production and shape as well as optimum growth temperature are reported to be useful 

cultural characters for differentiating similar species, they have also been found to be limited in addressing 

phylogenetic relationships between taxa (Moncalvo 2000), thereby affecting the development of a natural 

classification system.  As a result, the traditional taxonomic methods for identifying Ganoderma are not only 

confusing but inconclusive (Hong et al., 2002) and Ganoderma is said to be in a state of “taxonomic chaos” 

(Jargalmaa et al., 2017).   

 

2.2.2. Molecular Systematics 

Molecular systematics is now being considered as one of the most practical methods for identifying fungal species.  

This is because genetic composition of every fungus is not only unique but is also not affected by factors such as 

age and environmental conditions (Chan, 2003).  Lee (2006) reported that molecular method for identifying fungal 

species has a number of advantages such as being simple, rapid, accurate and doe not require large amount of 

samples.  Above all, the molecular method can be employed easily for Ganoderma mushroom samples in the 

powdered forms or drug formulation combintions (Lee, 2006).  Although molecular systematic is a valuable tool 

University of Ghana http://ugspace.ug.edu.gh

https://www.ncbi.nlm.nih.gov/books/NBK92757/


 
 

14 

for identifying fungal species, it does not directly reflect the pharmacological activity.  Nevertheless, it can provide 

relevant information regarding pharmaceutical product quality necessary for public health protection.   

 

Currently, a number of PCR based molecular markers are used in identifying various Ganoderma species. The 

most popular among these molecular markers include nuclear large subunit (Lee et al., 2006), nuclear small subunit 

(Latiffah et al., 2002), internal transcribed spacer (Moncalvo, 2000; Gottlieb et al., 2000; Latiffah et al., 2002) and 

some other specific genes (Zhou et al., 2008).  Several authors including Kim and Lee, 2000; Park et al., 2000 and 

Chen et al., 2004 reported that the nLSU and nSSU genes are conserved at the genus or species levels.  As a result, 

most researchers focussed rather on ITS for establishing the natural relationship of mushroom species such as 

Ganoderma. Hong et al. (2000) and Wesselink et al. (2002) interestingly established that the D1, D2 and D3 

regions of the nLSU have enough divergency.  These regions of the nLSU are, therefore, used in some studies for 

inferring phylogenetic relationships between fungal species Since the nLSU region has more diversity than the 

nSSU, it is used by some researchers alongside ITS (Hong et al., 2000; Wesselink et al., 2002) for establishing the 

natural relationship within Ganoderma species.  Indeed, the ITS region has been shown to have greater sequence 

variation between closely related species and have a high rate of evolution for fungal species identification (Monard 

et al., 2013).  Although the ITS has been used to characterize severl fungal species, it failed to reolve the molecular 

identity of some other fungal species (Gazis et al. 2011), therefore, calling for need for additional markers.  

Recently, the internal transcribed spacer 2 (ITS2) region, for several reasons, has been proposed as one of the most 

suitable DNA barcodes for fungal species identification.  Firstly, the ITS2 region is short and the sequences are 

easy to amplify with one pair of universal primers, secondly, the region has high inter-specific divergence and 

thirdly its identification accuracies have been shown to be very high (Chen et al., 2010).  Although ITS2 has 

advantages over other nuclear genomic regions including the ITS, many researchers are not using this nuclear 

ribosoml region for identification of fungal species.  This is partly because some past studies suggested that ITS1 

and ITS display higher species diversity relative to ITS2 (Kress et al., 2005).  Nevertheless, so far no universal 
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primers for ITS1 and ITS have been developed for general taxonomic use, which has led to low DNA amplification, 

thus calling for need for specific PCR additives and conditions (Chase et al, 2007; Kress et al., 2007).  Based on a 

recent available evidence and findings, some researchers indicated the ITS2 region could be used as a universal 

barcode for the identification, especially in closely related species (Müller et al., 2007 and Chen et al., 2010)   

Although Ganoderma lucidum is the most cited Ganoderma species in scientific literature, current cumulative 

evidence suggests that many of the Ganoderma species have been cited wrongly (Moncalvo, 2005).  In Ghana, 

most identified Ganoderma species lack supporting molecular data (Obodai et al., 2017); making phylogenetic 

position of Ganoderma isolates reported from Ghana previously published in research doubtful.  This development 

calls for well-structured research into phylogenetic of Ganoderma from Ghana.  This study would pave the way 

not only for monitoring but also managing diseases caused by Ganoderma mushrooms to cash crops such as cocoa, 

coffee, cashew in Ghana.  This is achievable because the vegetative Ganoderma mycelia isolated, for example, 

from cash crops and the entire forest ecosystem could easily be identified using modern DNA molecular 

techniques.  

Currently, molecular phylogenetic evidence available suggests Africa habours the highest diversity of Ganoderma 

mushrooms.  However, many of these Ganoderma mushroom from Africa have not been reported in published 

research and the few reported Ganoderma mushroom species were identified based on morphological features 

(Moncalvo, 2005).  Considering the difficulties associated with Ganoderma mushroom identification based on 

traditional taxonomic approach, the nuclear sequence-based method may be a more practical tool for identifying 

the poorly sampled different Ganoderma mushrooms from most African countries, including Ghana.  In fact, this 

position is strongly supported by the current ease, low cost of PCR amplification and rapid expansion of molecular 

databases for Ganoderma at the GenBank. 
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2.2.3. Ganoderma Phylogenetics 

The systematics of the Ganodermataceae is known to have been carried out hundreds of years.   Ganodermataceae 

family include Ganoderma with a laccate pileal surface and truncated basidiospores and Amauroderma with 

globose to ellipsoid basidiospores without a truncated apex (Sun et al., 2022).  Although Ganoderma mushrooms 

can easily be recognized in the field based on the macro-morphological character of the sporocarp, a number of 

researchers recommended that species discrimination should be supported with molecular phylogenetic analysis in 

order to attain a more stable taxonomic identification.  This may explain why, in recent times, numerous studies 

have been carried on phylogenetic relationships of Ganoderma mushrooms from different geographical regions of 

the world.   Moncalvo et al. (1995), for example, sequenced the 25S ribosomal RNA gene and the internal 

transcribed spacers of Ganoderma species.  The results of the phylogenetic analysis showed tnucleotide sequences 

of the internal transcribed spacers could discriminate between most Ganoderma species except G. tsugae group 

which was misnamed. Based on combined data of the D2 region of the 25S ribosomal RNA gene and the internal 

transcribed spacers, the subgenus Elfvingia was shown to be monophyletic.  Furthermore, the results of the 

phylogenetic analysis of the D2 region alone supported Amauroderma as a sister taxon of Ganoderma.  Moncalvo 

et al. (1995), therefore, concluded that D2 region could be suitable for Ganodermataceae systematics at higher 

taxonomic levels.  

In another interesting development, the nuclear ribosomal DNA ITS sequences were used to study the phylogenetic 

relationships between 34 Ganoderma isolates cultivated in China and the results of the study revealed the 34 

isolates clustered into five distinct groups, namely the subgenus Elfvingia, the sect. Phaeonema, and three groups 

within the sect. Ganoderma.     It was also observed in the study that 85.7% of the Ganoderma isolates formed a 

single group within the sect. Ganoderma (Su et al., 2007) and the genetic diversity between the subgenus Elfvingia 

and the sects Phaeonema and Ganoderma was to distinctly clear.  This observation made the authors to conclude 

that phylogenetic analysis is a more effective and useful approach not only for studying the taxonomy of 

Ganoderma but also for establishing phylogenetic relationships within the genus, compared to methods based on 

morphological analysis (Su et al., 2007).  
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In a recent field trip, an interesting Ganoderma specimen characterized by perennial, sessile fruiting body, fuscous 

to black pileal surface with laccate crust, was collected from South Africa (Xing et al., 2016).  To establish the 

phylogenetic relationships, the nuclear internal transcribed spacer regions (ITS) and the translation elongation 

factor 1-α gene (EF1-α) sequences were analyzed.  The results of the phylogenetic analysis based on combined 

ITS and EF1-α sequences showed the collected specimen clustered with G. enigmaticum, but forming a distinct  

lineage and, therefore, proposed as a new G. aridicola species within G. lucidum complex (Xing et al., 2016).  In 

a similar study, seven specimens of Ganoderma were collected from Yunnan Province of China and the results of 

phylogenetic analysis of the internal transcribed spacer (ITS), translation elongation factor 1-α (TEF1-α) and the 

second subunit of RNA polymerase II (RPB2) sequences showed five out of the seven collections clustered 

together with high bootstrap support, forming a clade sister to G. shanxiense.  The remaining two other collected 

specimens clustered with G. aridicola, G. bambusicola, G. casuarinicola, G. calidohilum, G. enigmaticum and G. 

thailandicum, but formed distinct lineages and, therefore, proposed as new Ganoderma species, namely G. 

dianzhongense and G. esculentum.   

In a more recent study, Gunnels et al. (2020) amplified and sequenced the nuclear ribosomal internal transcribed 

spacer regions (ITS) of Ganoderma mushrooms commonly used in developing food supplements.  The results of 

phylogenetic analyses of this interesting study revealed the presence of G. lingzhi DNA in all seven herbal 

supplements. The authors concluded that ITS-based phylogenetic analysis is a successful and cost-effective method 

for DNA-based species authentication of fungal and plant species that are otherwise difficult to identify by 

morphological or biochemical methods (Gunnels et al., 2020).    In an earlier study, Liao et al. (2015) studied 

Ganoderma containing crude drugs, mycelia, spores, and authentic extracts and spore oils using DNA barcoding 

and the results revealed that G. lucidum cultivated in China was different from those cultivated in Europe. The 

study also revealed that G. lucidum and G. sinense clustered into two clades that were separated from the other 

Ganoderma species, strongly supporting the hypothesis that G. lucidum species originating from Europe and East 

Asia are not the same species.  By comparing the ITS2 sequences and RNA secondary structures, the fruiting 

bodies and commercial products of G. lucidum and G. sinense were successfully distinguished from those of other 
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in this interesting study (Liao et al., 2015).  The researchers concluded that DNA barcoding method is applicable 

to the authentication of commercial products containing Ganoderma species. In a more recent study, Zhang et al 

(2017) sequenced seven internal transcribed spacer (ITS) sequences of Ganoderma lucidum strains.  Phylogenetic 

analysis of the ITS1 sequences differentiated the strains into three geographic groups while the ITS2 could only 

differentiate the strains into two groups.   It was further observed that the secondary structures of the ITS1 

sequences exhibited similar structures with a conserved central core and differed helices but the ITS2 sequences 

shared similar structures with the difference in helix 4. Thus, compared to ITS2 region, ITS1 region could 

differentiated Ganoderma lucidum into three geographic originations based on phylogenetic analysis and 

secondary structure prediction but it is not clear whether the ITS 1 would successfully delineate other Ganoderma 

mushroom strains at the intraspecific level.   

Back in Africa, two Ganoderma species were collected from Ficus and Citrus trees from the North East Nile Delta, 

Egypt. To establish the taxonomic positions, phylogenetic analysis of the ribosomal 5.8S rRNA gene including the 

flanking internal transcribed spacers (ITS) was performed.  The results of this study confirmed the status of the 

collected ganodeerma mushrooms as G. resinaceum EGM and Ganoderma sp EGDA (El-Fallal et al., 2015). In 

India, molecular taxonomy of Ganoderma was studied by analyzing the ITS rDNA sequences (Malarvizhi 

Kaliyaperumal, 2013) because the authors believed identification based on macro-microscopic features could lead 

to a large number of synonyms resulting in several taxonomic names.  The authors found that the Indian isolate 

coded MYC1 as Ganoderma cupreum clustered with Malaysian and Australian ‘cupreum’.  This finding according 

to the author represented the first molecular evidence of G. cupreum from Asian origin.  Kinge et al. (2012) studied 

the phylogenetic relationships among species of Ganoderma from Cameroon using molecular techniques.  Analysis 

of the internal transcribed spacer and mitochondria small subunit of 28 isolates revealed the isolates belong to eight 

species, which only G. ryvardense was previously described from Cameroon while G. cupreum and G. weberianum 

are new records. The remaining five species did not match with any previously described species and have been 

designated as Ganoderma with different species affinities (Kinge et al., 2012).  Recently, Du et al. (2023) 

performed a phylogenetic studies on the type materials of G. sichuanense (holotype, epitype, and topotype) and G. 
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lingzhi (holotype) and found that G. lucidum is a name mistakenly applied to the widely cultivated Ganoderma 

species in China, that the scientific binomial for Lingzhi is G. sichuanense and G. lingzhi is the later synonym of 

G. sichuanense.  In another novel phylogenetic studies on Ganodermataceae using six gene loci including the 

internal transcribed spacer regions (ITS), the large subunit of nuclear ribosomal RNA gene (nLSU), the second 

largest subunit of RNA polymerase II gene ( rpb2 ), the translation elongation factor 1-αgene (tef1), the small 

subunit mitochondrial rRNA gene (mtSSU) and the small subunit nuclear ribosomal RNA gene (nSSU), 14 genera, 

namely Amauroderma, Amaurodermellus, Cristataspora, Foraminispora, Furtadoella, Ganoderma, Haddowia, 

Humphreya, Magoderna, NeoGanoderma, Sanguinoderma, SinoGanoderma, Tomophagus and Trachydermella  

were confirmed (Sun et al., 2022).  These authors recommended that a combined multi-gene dataset with ITS, 

nLSU, rpb2, tef1, rpb1 and tub is better for phylogenetic analyses of Ganodermataceae since the internal 

transcribed spacer region (ITS) considered as the universal barcode of fungi may be limited in identifying complex 

groups or potential new species.   

 

2.3. Bioactive Molecules of Ganoderma 

Boh et al. (2007) reported that the main bioactive metabolites responsible for these pharmacological activities of 

Ganoderma mushrooms include triterpenoids, polysaccharides, steroids, proteins, fatty acids, amino acids, 

nucleosides and alkaloids.  

 

2.3.1 Ganoderma Polysaccharides 

Huie and Di (2004) and Wasser (2010) reported that over 200 polysaccharides have been isolated from Ganoderma 

mushrooms.  It has been reported by several authors that the Ganoderma polysaccharides (Figure 1) belong to 

three main classes, namely β-D-glucans, heteropolysaccharides and glycoproteins (Wasser, 2011; Chang et al., 

2012, Mizuno et al., 2013). 
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Figure 1. Typical Ganoderma polysaccharide structure (Zeng, et al., 2019) 

 

2.3.1.1. Ganoderma β-D-glucans 

Structurally, Ganoderma β-D-glucans contain β-(1→3) D-glucopyranosyl as main chain  and glucosyl residue side 

chains at C-6 position of the main chain (Benkeblia, 2015).  Several authors have documented that the degree of 

substitution of the backbone chain and the length of chain play a role in the biological activities of Ganoderma 

polysaccharides (Bao et al., 2002; Lin et al., 2005).  Zhu et al. (2005), however, argued that biological activities 

of Ganoderma polysaccharides are rather dependent on the molecular mass, solubility in water and triple-helical 

structure formation.  Other researchers, however, disagreed and insisted β -D-(1→3)-glucosidic linkage is the 

essential structural feature exclusively responsible for the biological activities of Ganoderma polysaccharides and 

this may explain why polysaccharides such as starch, consisting of α -D-(1→4)-glucosidic linkages so far, has no 

known biological activity.  Although some authors reported helical structures are neither essential nor 

advantageous for biological activities, Bao et al. (2002) is of the view that triple-helical structure of β -D-1,3-

linked glucans is favourable for T-lymphocyte proliferation.   
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2.3.1.2. Ganoderma Heteropolysaccharides 

Several heteropolysaccharides, containing different combinations of sugars, have been isolated from different 

species of Ganoderma mushrooms.  Li et al. (2007), for example, isolated a polysaccharide, consisting of galactose, 

mannose, glucose, arabinose and rhamnose, from submerged mycelial culture of Ganoderma lucidium.  Pana et al. 

(2012) isolated a neutral heteropolysaccharide, which consists of galactose, rhamnose and glucose in the molar 

ratio of 1.00:1.15:3.22. Wang et al. (2011) similarly isolated 5 water soluble heteropolysaccharides (GL-I to GL-

V) from artificially cultured fruit body of the same mushroom species.  

 

2.4. Ganoderma Proteins 

 

2.4.1. Ganoderma Glycoproteins 

In one interesting study, Wang et al. (2002) isolated a fucose-containing glycoprotein fraction which has the ability 

to stimulate proliferation of spleen cell and expression of cytokines, including IL-1, IL-2 and IFN-γ from water-

soluble extract of G. lucidum.  Wu and Wang (2009) in another study purified a water-soluble glycopeptide (PGY), 

consisting of two moieties of carbohydrate and peptide, from G. lucidum fruit bodies.   The glycopeptide (PGY) 

has been shown to have low DPPH (1, 1diphenyl-2-picryl hydrazyl) radical-scavenging activity but exhibited 

strong superoxide radical-quenching effect, suggesting this glycopeptide may be a good of source of natural 

antioxidants.   

 

2.4 2. Ganoderma Lectins 

Thakur et al. (2007) isolated a 114 kDa hexametric lectin from the fruiting bodies of G. lucidum.  Biochemical 

characterization revealed the lectin has neutral sugar (9.3%) by composition. This 114 kDa hexametric lectin has 

shown to have hemagglutinating activity against protease treated human erythrocytes.  Girjal et al (2011), on the 
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other hand, isolated a smaller (15 kDa) lectin, which has shown biological activity against a number of 

microorganisms.   

 

2.4 3. Ganoderma Protease Inhibitors 

Currently, there is a substantially great interest in protease inhibitors. Dunaevsky et al. (2013) reported protease 

inhibitors are becoming useful for treating diseases such as cancer, malaria, autoimmune and neurodegenerative 

diseases.  El Zawawy et al. (2016) studied antiproteolytic effect of methanol     extract of G. lucidum on 

Pseudomonas aeruginosa, host tissue damaging bacteria. The result revealed methanol extract of G. lucidum could 

serve as promising approach for treating skin burn infections caused by protease-producing extended spectrum β-

lactamase and multidrug resistant Pseudomonas aeruginosa (ESβLMDRPA).   

 

2.5. Ganoderma Triterpenes 

The triterpenes derived from Ganoderma possess lanostane structure (Figure 2), consisting of 30 or 27 or 24 carbon 

atoms.    

 

Figure 2. Typical lanostane structure (Xia et al., 2014) 
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The majority of triterpenes derived from Ganoderma mushrooms possess a double bond at C-8 (9) on the ring, 

however, a double bond can also be found at C-7(8), C-9(11), C-20(22), C-22 (23) and C-24(25).  In addition to a 

double bond, some of the triterpenes may have substituent groups at C-3, 7, 11, 12, 15, 22, 23, 24 and 25 positions 

of the parent nucleus (Xia et al., 2014).  On the basis of position of double bond and substituent group, Ganoderma 

triterpenes can be classified into different structural types.  These structural types include ganoderic acid, lucidenic 

acid, ganoderenic acids, ganoderiols, epoxyganoderiols and lucialdehydes among others.  

Kubota et al. (1982) isolated the first two lanostane triterpenes, namely ganoderic acid B and ganoderic acid A.  

Nishitoba et al. (1984) two years after isolated lucidenic acids A, were B and C, possessing C27 carbon atoms, 

from cultured mycelium of Ganoderma mushrooms.  One year later, another structurally similar group, 

ganoderenic acids A, B, C and D, were isolated G. lucidum Komoda et al., 1985).   The same researchers isolated 

ganoderic acid E, F, G and lucidenic acid D2 from the same Ganoderma mushroom.  Over time, several oxygenated 

compounds, including ganoderic acid C1 to O, P to T, U, W, X, Y, Z and lucidenic acids D1, D2, E1, E2, F, G to 

M, N, O, P, were isolated from the fruit bodies and cultured mycelia of Ganoderma mushrooms (Baby et al., 2015).   

 

Several terpenes, including ganoderiol A, B, C, D, E, F, G, H, I and J as well as epoxyganoderiol A, B and C  were 

isolated from Ganoderma mushrooms such as G. lucidum, G. concinna, G. sinense, G. hainanense and G. 

amboinense (Baby et al., 2015).  Similarly, lucialdehydes A, B, C and lucidal D and E, possessing an aldehydic 

group in their side-chains, were isolated from G. lucidum, G. pfeifferi and G. concinna (Gao et al., 2002; 

Niedermeyer et al., 2005; Ma et al., 2012).  

 

2.6. Ganoderma Steroids 

A number of steroids have been isolated from Ganoderma mushrooms.  Structurally, these Ganoderma steroids 

(Figure 3) have at least one double at C5–C6, C6–C7, and C7–C8, two double bonds at C5–C6/C7–C8, C4–

C5/C7–C8, C6–C7/C9–C11, C7–C8/C16–C17 or three double bonds at C4–C5/C6–C7/C8–C14 in the ring 
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systems.  Although most of these Ganoderma steroids have C22–C23 double bonds in their side-chains, some have 

no side-chain double bonds (Baby et al., 2015).   

             

 

 

Figure 3.  Examples of Ganoderma steroids:  (1) ergosterol peroxide  and  (2) ergosterol  (Seo et al., 2009) 

 

The popular Ganoderma steroids include ergosterol, ergosterol peroxide and stella sterol (Seo et al., 2009) among 

several other steroidal compounds, including β-sitosterol (Joseph et al., 2011) and daucosterol (Lee et al., 2005).   

 

2.7. Ganoderma Alkaloids 

Zhao et al. (2015) isolated four novel polycyclic alkaloids (lucidimine A, B, C and D (Figure 4) from the methanol     

extract of G. lucidumfruit bodies.   
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Figure 4. Structures of lucidimine A, B, C and D (Chen et al., 2018) 

 

Huang et al. (2016) similarly isolated lucidimines A and B from G. calidophilum, but they were named as 

ganocalicines A and B.   

 

2.8. Ganoderma Biopharmacological Activities 

Numerous authors observed that a number of biopharmacological activities have been attributed to Ganoderma 

mushrooms.  These include anticancer, immunomodulation, antiinflammatory, radioprotective, antiviral, 

antioxidative, cholesterol synthesis inhibitory, hypoglycemic, hepatoprotective, inhibition of lipid 

peroxidation/oxidative DNA damage, antimicrobial and anti-aging properties (Smith et al., 2002; Xia et al, 2014; 

Baby et al., 2015; Kao et al., 2016) 
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2.8.1. Anticancer Activities of Ganoderma 

Normal cells are known to divide at a self regulated rate which controls their cell cycle.  Nevertheless, when the 

controls fail, the cell cycle is deregulated and it causes abnormal cell reproduction, which eventually leads to cancer 

(Williams et al., 2012).  Cancer has been recognized as a tremendous threat to human health in most nations of the 

world, including Ghana.  As a result, several efforts have been directed to finding antitumour drugs with low 

toxicity but high efficacy.  Several authors reported that Ganoderma species have inhibitory effect on a number of 

cancer cell lines (Silva, 2003; Xia et al., 2014).  This may partly explain why Ganoderma mushrooms are used for 

treating cancers.  The human cancer cell lines that Ganoderma mushrooms demonstrated biological activity against 

include prostate (Wang et al., 2015; Qu et al., 2017), breast (Rios-Fuller et al., 2018; Yang et al., 2018), leukemia 

(Müller et al., 2006, Calviño et al., 2010; Yang et al., 2016;), cervix (Liu et al., 2015), ovarian (Dai et al., 2014), 

colonic (Hong et al., 2004), bladder MTC-11 (Lu et al., 2004) and uroepithelial (Lu et al., 2004).  Currently, the 

mechanism by which Ganoderma mushrooms exert anticancer activities is not completely understood.  Wu et al. 

(2013), however, reported that anticancer activity of Ganoderma mushrooms is exerted, for exmples, through cell 

cycle arrest and programmed cell death among others.    G. lucidium, for example, has been shown to induce cell 

cycle arrest in estrogen-independent breast cancer cells at G0/G1 phase (Jiang et al., 2006) and at G1 phase in lung 

cancer cells (Tang et al., 2006).  Wachtel-Galor et al (2011) observed that G. lucidumca used cell cycle arrest at 

G2 phase in human cancer cells such as bladder, prostate, and leukemia cells.  In another study, Jiang et al. (2004) 

investigated the effects of G. lucidum extracts on apoptosis of human prostate cancer cells (PC-3).  The results of 

this study revealed that the mushroom decreased the expression of NF-κB regulated B-cell lymphoma 2 (Bcl-2) 

and B-cell lymphoma-extra large (Bcl-xL), two important anti-apoptotic proteins that inhibit apoptosis and 

therefore play a critical role in cancer development and resistance to treatment.  The result of this study further 

revealed that G. lucidum markedly unregulated expression of Bcl-2-associated X Protein (Bax), a proapoptotic 

protein, leading to the enhancement of the ratio of Bax/Bcl-2 and Bax/Bcl-xL, indicating G. lucidum hold promise 

as a natural anticancer source.  Smina et al. (2017) reported that Ganoderma total triterpene can induce apoptosis 

University of Ghana http://ugspace.ug.edu.gh



27 
 

in human breast adenocarcinoma (MCF-7) cells by down-regulating the levels of cyclin D1, Bcl-2, Bcl-xL but by 

up-regulating the levels of Bax and caspase-9.   

In addition to the total triterpenes, some isolated triterpenes have shown significant cytotoxic effect against several 

carcinoma cell lines (Cheng et al., 2010).  Radwan et al (2015), for example, reported that ganoderic acid A can 

induce apoptosis in lymphoma cells through caspase-3 and caspase-9.  Ganoderic acid A has also been shown to 

enhance HLA-II mediated antigen presentation and CD4+ T-cell recognition, indicating ganoderic acid A is a 

candidate for future drug design for the treatment of lymphoma.  In another study, ganoderic acid DM demonstrated 

a number of interesting anticancer effects, including inhibition of cell proliferation, induction of DNA damage, 

cell cycle arrest at the G1 phase, and apoptosis in human breast cancer cells (Wu et al., 2012).  Ganoderic acid 

DM, similarly, has been shown to improve CD4+ T-cell recognition in melanoma cells (Hossain et al., 2012).  This 

indicates ganoderic acid DM has a chemo-immunotherapeutic potential for inducing a cross-talk between 

autophagy and apoptosis, as well as improving immune recognition for sustained melanoma tumor clearance 

(Hossain et al., 2012).  On the other hand, ganoderenic acid D has been shown to have cytotoxicity against human 

hepatocellular carcinoma (hep G2), colorectal adenocarcinoma (caco-2) and cervical adenocarcinoma cells growth 

(Ruan et al., 2014).  Similarly. Ganodermanontriol, a lanostanoid triterpene alcohol, has been shown to suppress 

the proliferation of human breast cancer cells MDA-MB-231 by expressing the regulatory protein CDC20, which 

is overexpressed in tumours compared to normal mammary epithelial cells from breast cancer patients (Jiang et 

al., 2011).  Ganodermanontriol has also been shown to inhibit breast cancer cell lines. The inhibition is chieved 

through urokinase-plasminogen activator (uPA suppression and expression of uPA receptor inhibitiob.  This 

finding suggests Ganodermanontriol as a natural agent has potential for breast cancer treatment (Jiang et al., 2011).  

In another recent investigation, a new triterpenoid (ethyl lucidenate A) obtained from G. lucidum ethyl acetate 

fraction has been shown to be cytotoxic human leukemia cells and Burkitt’s lymphoma cells with IC50 values of 

25.98 and 20.42 µg /mL, respectively. (Li et al., 2013).  In one other interesting study, lucidenic acid B has been 

shown to suppress phorbol-12-myristate-13-acetate (PMA)-induced HepG2 cells by suppressing the matrix 

metalloproteinase (MMP)-9 activity in a dose-dependent manner at the transcriptional level.  The study further 
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revealed that lucidenic acid B inhibit nuclear factor-kappa B (NF-kB) and activator protein-1 (AP-1) DNA-binding 

effects of HepG2 liver cells, which lead to downreguling of Matrix metalloproteinase-9 (MMP-9) expression 

(Weng et al., 2008).  

Besides triterpenes, Ganoderma polysaccharides have been shown to suppress tumorigenesis and tumor growth 

(Shang et al., 2011).  The polysaccharide designated SeGLP-2B-1, a nutritionally available organic seleno-

compound purified and characterized from G. lucidum, for example, has been shown to inhibit growth of the breast 

cancer cell line MCF-7 by disrupting the mitochondrial membrane potential, and increasing the activities of 

caspase-9, -3 and poly (ADP-ribose) polymerase (Shang et al., 2011).  The combination of ling-zhi polysaccharide 

fraction 3 (LZP-F3) and arsenic trioxide have been shown to have a significant synergistic growth inhibition on 

human urothelial carcinoma (UC) cell and arsenic-resistant cell through proapoptotic pathway (Huang et al., 2010).  

Two water-soluble derivatives, sulfated and carboxymethylated G. lucidumpolysaccharides, coded S-GL and CM-

GL, have been demonstrated to inhibit proliferation of Sarcoma 180 (S-180) tumor cells with an IC50 value of 26 

and 38 μg/mL, respectively.  The Ganoderma polysaccharides S-GL and CM-GL have also been shown to inhibit 

the growth of S-180 solid tumors implanted in BALB/c mice, with low toxicity (Wang et al., 2009). The antitumor 

enhancement effects of S-GL and CM-GL indicate they could be developed into anticancer drugs.   

 

2.8.2. Immunomodulatory Activities 

The development of tumours is known to be supported by immune evasion.  This is why natural bioactive 

compounds with immunomodulatory capabilities are critically needed against immune evasion by cancer cells.  

Ganoderma is reported by several researchers as one of the natural sources of immunomodulatory compounds.  

Lin et al. (2004) reported G. lucidum modulates the immune system through immune system enhancement.  Liu et 

al. (2018) has demonstrated that administration of β-D-glucan in phosphate buffered saline (PBS) stimulates 

lymphocyte proliferation, promotes macrophages to form pseudopodia, and enhances the levels of inflammatory 

cytokines IL-6 and TNF-α.   Structural analysis revealed that the β-D-glucan fractions with molecular weight higher 
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than 1.82 × 106 g·mol-1 exhibit better activity in enhancing the release of inflammatory cytokines, suggesting the 

bioactivity of Ganoderma polysaccharides is largely influenced by molecular weight.  Wang and others also 

investigated the effects of G. atrum polysaccharide (PSG-1) on dendritic cells (DCs) and found that PSG-1 induce 

activation and maturation of murine myeloid-derived DCs through mitogen-activated protein kinase (MAPK) 

pathways (Wang et al., 2017).  In an earlier molecular mechanistic study, PSG-1 was found to induce TNF-α 

secretion through phosphoinositide 3-kinase (PI3K)/Akt, MAPK and NF-κB signaling pathways in RAW264.7 

macrophage cells (Yu et al., 2012), thus providing a theoretical basis for the potential of PSG-1 as a novel 

immunomodulating agent.  

Zhang et al. (2010) investigated the immunoactivity capacities of proteoglycan fraction (GLIS) of Ganoderma 

mushroom fruit body on spleen-derived B lymphocytes and bone marrow-derived macrophages.  It was found in 

the study that GLIS exerted anticancer effect by increasing humoral and cellular immune responses.  In an earlier 

study, GLIS treatment was found to enhance proliferation of bone marrow macrophages (BMMs), increase 

significantly nitric oxide (NO) production, induce cellular respiratory burst, and increase levels of interleukins (IL-

1β), IL-6, IL-12p35, IL-12p40, IL-18, and TNF-α gene expression and levels of TNF-α, IL-1β, and IL-12 secretion.    

Rubel et al. (2010) studied effect of G. lucidum supplemented diet, formulated from Ganoderma mycelium grown 

by solid-state culture on wheat grain, and found that the diet produced a significant decrease in T lymphocytes 

(CD3+ and CD8+) population in spleen cells for three months.  Although, in the study, the IFN-γ concentration was 

significantly increased in both plasma and supernatant of the adherent peritoneal cell cultures from mice fed with 

this supplement, the adherent peritoneal cells showed a significant increase in IL-10 production, decrease in TNF-

α production and decrease in nitric oxide production (Rubel et al., 2010).  The study suggests that the G, lucidum 

mycelium supplemented diet used in the study did not only enhance immunity against cancer cells or pathogenic 

microorganisms, but also alleviated adverse effects associated with immune system dysfunction.  Meng and his 

research team conducted a comparative tudy on immunomodulatory activity of polysaccharides from two official 

species of Ganoderma: namely G. lucidum and G. sinense.  The finding revealed both GSPS and GLPS potently 
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promote macrophage phagocytosis.  The polysaccharides are also known to increase release of nitric oxide and 

cytokines such as IL-1α, IL-6, IL-1 

Fungal immunomodulatory proteins, a special class of glycoproteins have been isolated from Ganoderma 

mushrooms.  Four such glycoproteins, LZ-8 from G. lucidum, FIP-gts from G. tsugae, GMI from G. microsporum 

and FIP-gsi from G. sinensis, have been shown to have immunomodulatory and cancer prevention effects.  LZ-8, 

the first FIPs isolated from G. lucidium, is regarded as a potential candidate for treating and preventing autoimmune 

diseases (Bao et al., 2018) while the second, FIP-gts, isolated from G.  tsugae, have been shown to possess 

antitumor activity against lung and urothelial cancer cells (Bao et al., 2018).  Hsin et al. (2016) investigated 

combination treatment of FIP-gts and chloroquine and found that chloroquine increased FIP-gts-induced 

cytotoxicity in parental and cisplatin-resistant urothelial cancer cell lines, showing the combination treatment may 

provide an intereting strategy for urothelial cancer treatment (Hsin et al., 2016).    

Chen and others studied the antiinflammatory and neuroprotective effects of FIPs extracted from G. microsporum 

(GMI).  These researchers found GMI reduced LPS/IFN-γ-induced inflammatory mediator production.  Chen et 

al. (2018) reported antiinflammatory and neuroprotective effects of GMI was achieved through suppression of NO, 

TNF-α, IL-1β, and PGE2 production. The authors suggested GMI may have potential for treating 

neuroinflammation and neurodegenerative diseases such as Parkinson’s, Alzheimer’s and stroke. In a related study, 

Lu et al. (2018) demonstrated that GMI combined with chidamide induced apoptosis and suppressed distal tumor 

metastasis in melanoma cells, indicating the combination has potential as an immunotherapeutic adjuvant for 

metastatic melanoma.  

 

2.8.3. Anti-Oxidative Activities 

It is well known that reactive oxygen species or free radicals seriously harm cells in the body through oxidative 

processes.  There is, therefore, a great interest in antioxidative molecules that could prevent or treat free radical 
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and reactive oxygen species-mediated diseases.  Rani et al. (2015) evaluated the free radical scavenging activity 

of aqueous and methanol extracts of G. lucidum fruiting bodies cultivated on bread fruit (Artocarpus 

heterophyllus).  The study results revealed the methanol     extract has stronger scavenging activity for 1,1-diphenyl-

2-picrylhydrazyl (DPPH) with IC50 value of 290 μg/ml and 2,2'-azino-bis (3-ethylbenzothiazoline- 6-sulphonic 

acid (ABTS), IC50 value of 580 μg/ml) compared to the substrate, whereas the aqueous extract had better 

scavenging activity for ferric reducing antioxidant power with IC50 value of 5 μg/ml.  In a similar study, Wong et 

al. (2004) investigated the antioxidative effect of G. lucidum against ethanol-induced heart toxicity in the mouse 

model and found that G. lucidum exhibits a dose-dependent antioxidative effect on the mouse heart homogenate.  

These researchers attributed the observed antioxidative activity to the cardioprotective effect of G. lucidum and 

suggest the mushroom may be helpful in protecting the heart from superoxide induced damage (Wong et al. (2004).  

In another closely related study, Sun et al.  (2004) studied antioxidant activity of G. lucidum peptide (GLP) using 

different oxidation systems and found that GLP has remarkable antioxidant activity in the rat liver tissue 

homogenates and mitochondrial membrane peroxidation systems and block hemolysis of rat red blood cells in a 

dose-dependent manner.  On the basis of this result, Sun and his co-researchers suggested GLP could play an 

important role in the inhibition of lipid peroxidation in biological systems through its antioxidant and free radical 

scavenging activities (Sun et al., 2004).  Mahendran et al. (2012) studied the antioxidant capacity of crude 

exopolysaccharide (EPS) extracts of Ganoderma lucidum by hydrogen peroxide scavenging, 1-1-Diphemy1-

2picryl-hydrazyl (DPPH) radical scavenging and ABTS (2,2 azino bis (3-etheylbenzothiazoline- 6-sulphonicacid) 

diammonium salt) assays and found that crude exopolysaccharides of the fruiting bodies of G. lucidum has potent 

antioxidant activity.  

Park and Kim (2018) cultured G. lucidum mycelium on black bean (Rhynchosia nulubilis) to verify if the mycelium 

could be used as a functional health ingredient for formulation of dietary supplements.  The biological activity of 

the mycelium ethanol     extract was evaluated by DPPH and ABTS assays.  The results revealed that G. lucidum 

mycelium cultivated on Rhynchosia nulubilis has significantly higher radical scavenging activity compared to only 

the ethanol extract from Rhynchosia nulubilis (Park and Kim, 2018).  This finding suggests G. lucidum mycelium 
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cultivated on Rhynchosia nulubilis can significantly enhance antioxidant activity better compared to raw 

Rhynchosia nulubilis which G. lucidum mycelium was not cultivated on.  

In another study, the antioxidant activities of four polysaccharides obtained from fermented soybean curd residue 

by G. lucidum was investigated by hydroxyl radical, reducing power, DPPH free radical, chelating activity, ABTS 

radical-scavenging and SOD-like activity.  The results showed four polysaccharides exhibit antioxidant activities 

in a concentration-dependent manner. Among the four polysaccharides, GLP-III and GLP-IV exhibited the higher 

scavenging effects on hydroxyl radicals, ABTS radical, DPPH free radical, and stronger reducing power and SOD-

like activity than GLP-I and GLP-I.  Shi et al. (2013), therefore, reported that GLP from Ganoderma fermented 

soybean could have applications in medical and food industries.  Liu and others studied antioxidant activity of two 

low-molecular-weight polysaccharide, GLP(L)1 and GLP(L)2, from fruit body of G. lucidum and found that both 

GLP(L)1 and GLP(L)2 displayed antioxidant activities but GLP(L)1 was more effective in free radicals scavenging 

and Fe (2+) chelating.  These authors therefore concluded that these two low-molecular-weight polysaccharides 

may play an important role in the exploration of natural antioxidants in food industry and pharmaceuticals (Liu et 

al., 2010).  Peng et al. (2016) in a phytochemical study isolated 8 aromatic terpenoids from fruiting bodies of G. 

capense and the isolated compounds showed potent the DPPH radical scavenging antioxidant activity with IC50 

values ranging from 6.00±0.11 to 8.20±0.30μg/ml.    

 

2.8.4. Anti-viral Activity 

Several reports indicate Ganoderma produces different substances with demonstrable antiviral activity (Eo et al., 

2000).  Recently, Stamets et al. (2018) demonstrated that cultured mycelium extracts of G. resinaceum reduce the 

levels of honey bee deformed wing virus (DWV) and Lake Sinai virus (LSV), in a dose-dependent manner, 

indicating honey bees may gain health benefits from this polypore mushroom because of its antimicrobial 

compounds.  Enterovirus 71 (EV71), one of the main causative pathogens of hand, foot and mouth disease 

(HFMD), has emerged as a major concern among pediatric infectious diseases.  Zhang et al. (2014) evaluated the 
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antiviral activities of two G. lucidum triterpenoids (GLTs), lanosta-7,9(11),24-trien-3-one,15;26-dihydroxy 

(GLTA) and ganoderic acid Y (GLTB), against Enterovirus 71 (EV71 and found Ganoderma triterpenoids prevent 

EV71 infection.  In this interesting study, GLTA and GLTB also demonstrated the ability to significantly inhibit 

the replication of the viral RNA (vRNA) of EV71. The findings indicate that these two G. lucidum triterpenoids 

may be potential therapeutic agents to control and treat EV71 infection (Zhang et al., 2014).   

Niedermeyer et al. (2005) isolated three bioactive compounds (ganoderone A, lucialdehyde B and ergosta-7,22-

dien-3beta-ol) from G. pfeifferi and reported that they have potent inhibitory activity against herpes simplex virus.  

In a similar study, Kim et al. (2000) showed that the antiviral activity of acidic protein bound polysaccharide 

(APBP) isolated from carpophores of G. lucidum in combination with IFN alpha showed more potent effect on 

herpes simplex virus than synergistic effects of APBP with IFN gamma, suggesting APBP may be good candidate 

for developing antiherpetic agent.  

Several other substances isolated from Ganoderma mushrooms showed biological activity against influenza and 

HIV virus.  El-Mekkawy et al. (1988), for example, reported that ganoderiol F and Ganodermanontriol 

demonstrated activity against HIV while Ganodermadiol showed in vitro antiviral activity against influenza virus 

type A. Similarly, ganoderic acid GS-2, 20-hydroxylucidenic acid N, 20(21)-dehydrolucidenic acid N and 

ganoderiol F have been shown to have inhibitory properties against human immunodeficiency virus-1 protease 

(Sato et al., 2009). 

 

2.8.5. Anti-inflammatory 

Chen et al. (2019) investigated the anti-inflammatory activity of G. lucidum polysaccharides (GLPS) on carbon 

tetrachloride (CCl4)-induced acute liver injury in mice and found GLPS have potential for the prevention and 

treatment of liver inflammation. In an earlier study, Chen et al. (2018) investigated the anti-inflammatory potential 

of fungal immunomodulatory protein extracted from G. microsporum (GMI) in an in vitro rodent model of primary 
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neuron/glia cultures.  The study results revealed that GMI has the ability to suppress NO, TNF-α, IL-1β, and PGE2 

production, indicating GMI may have a potential towards the treatment of neuroinflammation, responsible for the 

pathogenesis of a number of neurodegenerative diseases.  The anti-inflammatory activity evaluation of two new 

farnesyl phenolic compounds namely, ganoduriporols A and B from G. duripora showed the two compounds 

exhibit antiinflammatory effects in RAW 264.7 cells by inhibiting the production of TNF-α, IL-1β, IL-6 and PGE2 

through the suppression of COX-2, MAPK and NF-κB signaling pathway in LPS-induced macrophage cells. These 

findings suggest the two new farnesyl phenolic compounds could serve as interesting antiinflammatory agents (Liu 

et al., 2018).  In another development, Zhang et al. (2018) investigated the antiinflammatory properties of 

GLPss58, a sulfated polysaccharide from G. lucidum formed by chemical sulfation and found that GLPss58 inhibits 

L-selectin/sTyr-sLeX binding significantly, blocks binding of anti-l-selectin antibodies to L-selectin on the surface 

of human peripheral blood lymphocytes (HPBLs) and inhibit the secondary lymphoid tissue chemokine-induced 

chemotactic invasion of HPBLs.  This study further revealed that GLPss58 has the ability to inhibit the complement 

system and cytokines mediated inflammation; suggesting GLPss58 is a favorable potential antiinflammatory agent 

(Zhang et al., 2018).  

 

2.9. Principles and Theories of Metabolomics 

 

2.9.1.  What metabolomics? 

Metabolomics refers to the systematic and comprehensive study of small molecules present in a biological system 

including cells, tissues, biological fluids and organisms at a specific point in time.    Although the analysis of 

complete set of metabolites also known as metabolome has been present in biological research for decades, 

according to the Patti et al. (2012) the term “metabolomics” was only recently coined.  As an emerging field of 

‘omics’, metabolomics aims principally to compare the endogenous metabolites present in a biological system or 

a specific physiological state by applying a combination of analytical chemistry, bioinformatics, statistics and 
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biochemistry; explaining why metabolomics is considered an interdisciplinary field of science (Bouhifd et al., 

2013).   

 

2.9.2.  Metabolomics Analytical Tools 

This interdisciplinary field of science is known to deal with quantitative measurement of thousands of metabolites 

with a wide range of chemical and physical properties usually from a small amount of biological materials. As a 

result, metabolomics requires highly analytical instruments.  Over the past decades, numerous analytical 

instruments have been developed and applied for metabolomics analysis.  Several authors reported that the two 

analytical instruments that meet the high requirements are nuclear magnetic resonance (NMR) and mass 

spectrometry (MS) (Kim et al., 2011; Scalbert et al., 2009; Fuhrer et al., 2015).  NMR, for example, is typically 

known as a fast and highly reproducible spectroscopic technique, which works by absorption and re-emission 

energy by atom nuclei as a result of variations in an external magnetic field (Bothwell and Griffin (2011). Alonso 

et al. (2015) explained that by applying magnetic field to a targeted atom nucleus, different types of spectral data 

are generated, which allows not only the quantification of the concentration of metabolites present but provides 

also information about its chemical structure.  Mass spectrometry, on the other hand, is another sensitivity 

analytical technique, which acquires spectral data in the form of a mass-to-charge ratio (m/z) and a relative intensity 

of the measured compounds but the biological sample first needs to be ionized with a spectrometer to enable the 

resulting ionized compounds to generate different peak patterns, defining the fingerprint of the original molecule 

(Alonso et al., 2015).  Several ionization and mass selection methods are currently available for MS spectrometry 

(El-Aneed et al., 2009). MS analysis is generally preceded by a separation step to reduce the high complexity of 

the biological sample and to allow analysis of different sets of metabolites at different times. Theodoridis et al. 

(2011) reported liquid and gas chromatography columns are the most commonly used separation techniques, which 

is based on the interaction of the different metabolites in the sample with the adsorbent materials inside the 

chromatographic column.  This approach enables metabolites with different chemical properties to pass through 
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the column at different amounts of time and the time that each metabolite requires, called retention time together 

with the m/z MS values is then used to generate the LC-MS or GC-MS spectral data.  

 

2.9.3.  Metabolomics Approaches and Application 

In metabolomic studies, two high-throughput strategies, namely untargeted and targeted, are used.   The untargeted, 

also known as top-down strategy is characterized by simultaneous measurement of a large number of metabolites 

from each sample, thereby avoids the need for a prior specific hypothesis on a particular set of metabolites. This 

results in analysis of global metabolomic profile of the sample and accounts for generation of large amounts of 

data that are not only characterized by its volume but also by its complexity.  This explains why metabolomics 

requires high performance bioinformatic tools (Alonso et al., 2015).  Considering its high-throughput and minimal 

sample requirements, untargeted metabolomics has wide applicability across a myriad of biological investigations 

and has been used to address a number of biomedical issues. An excellent example of biomedical applications in 

which untargeted metabolomics provided unique insight into is the identification of altered metabolic pathways in 

disease that represent novel drug targets, an evolving biomedical application referred to as “therapeutic 

metabolomics” (Rabinowitz et al., 2011). Another interesting example of this application is the discovery of 

increased levels of the metabolite 2-hydroxyglutarate in cancer cells with isocitrate dehydrogenase 1 mutations, 

which are a known common feature of a major subset of primary human brain cancers (Dang et al., 2009).  

Saghatelian et al. (2004) reported another interesting area in which untargeted metabolomics has been successfully 

applied is in characterizing gene and protein function. As highlighted by the above examples, untargeted 

metabolomics have implications for therapeutic screening and provides chemical insight across a broad area of 

mechanistic cell biology but its full potential to shape the understanding of global metabolism is yet to be realized.  

Targeted metabolomics, on the other hand, is a hypothesis-driven method in which a specified list of metabolites 

is measured, typically focusing on one or more related pathways of interest (Dudley et al., 2010).  This approach 
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is reported to be effective for pharmacokinetic studies of drug metabolism as well as for measuring the influence 

of therapeutics or genetic modifications on a specific enzyme (Nicholson et al., 2002).   

 

2.9.4.  Statistical Analysis and Data Visualization 

Since metabolomics experiments often generate large and complex data sets, a comprehensive evaluation of these 

outputs requires specialized data analysis such as cheminformatics, bioinformatics, and statistics (Al-Sulaiti et al., 

2023).  To successfully achieve this, data normalization is required to accurately quantify the features detected in 

the metabolomics analysis. By this appraoch, undesirable systematic biases and background signals will be 

minimized, resulting in a modified data set that highlights better the important metabolite differences (Considine 

et al., 2017).   

Principal component analysis (PCA) is arguably the most widely used multivariate analysis method for 

metabolomic studies.  The objective of PCA is to determine a linear transformation that preserves the variance in 

the original data as much as possible in the lower dimensionality output data (Jolliffe, 2002).  Thus, PCA is used 

for an unsupervised evaluation to identify outliers and common sample clusters. As a result of the unsupervised 

nature of the PCA, its application only reveals group structure when within-group variation is sufficiently less than 

between-group variation. In view of this, supervised forms of discriminant analysis such as Partial Least Squares 

Discrimination Analysis (PLS-DA) and orthogonal PLS-DA (OPLS-DA) that rely on the class membership of each 

observation are commonly applied in metabolomics studies (Wold et al., 2001; [Barker et al., 2003).  Although 

PCA, PLS-DA and OPLS-DA are often the methods used in multivariate analysis, they are by no means the only 

tools available of metabolomics studies.  Hierarchical clustering analysis (HCA) and nearest-neighbor clustering 

may also be applied to multivariate spectral data to reveal differences between samples without supervision.  In 

some other interesting studies, a new learning machine technique widely used in genome studies called support-

vector machine (SVM) (Cortes and Vapnik, 1995) have been applied to human urine metabolomics NMR and was 

found to be superior PLS-DA in terms of both predictive accuracy and better predictive power compared to that of 
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PLS-DA (Mahadevan et al., 2008).  Artificial neural networks (ANN), another interesting pattern recognition 

method in metabolomics data mining, have also been used in combination with PCA for plant metabolic profiling 

and fingerprinting in order to method improve performance in manipulating metabolomics data Xia et al., 2007).  
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3.1. Chemicals and Reagents 

Acetonitrile and formic acid were purchased from Sigma–Aldrich, MO (USA).  Pure reference compounds of 

ganoderic acid C6, ganoderic acid G, ganoderenic acid A, ganoderenic acid D were obtained from China Yuanye 

Biotechnological Limited. Antibiotic malt extract agar (AMEA) and malt extract agar (MEA) without antibiotic 

were purchased from Fungi Perfecti (USA). The remaining items were purchased from the following organiztions:  

Ultra Clean Plant DNA Isolation Kit from MoBio Laboratories, California (USA), Gene Clean Spin kit from 

Qbiogene, Inc., California (USA), BigDye Terminator sequencing enzyme v.3.1 from Applied Biosystems, 

California (USA), PCR Master Mix from Promega Corp., Wisconsin (USA) and Montage PCR Centrifugal Filter 

Devices from Millipore Corp., MA (USA).   

 

3.2. Molecular Identification and Phylogenetic Analysis 

 

3.2.1. Origin, Collection and Sampling of Mushroom Fruit Bodies 

Mushroom fruit bodies (basidiomata) resembling Ganoderma mushrooms were opportunistically collected from 

April to June, 2015 during a mycological surveys.  Samples were collected from different locations 

(Agortigagorme, Azaglo Torkor, Kizito Campus, Lukunu and Degorme (Figure 2) within 2 km radius of Mepe in 

the North Tongu District of Ghana.  The study site was approximately 110 km east of Accra, the capital of Ghana. 

The land is undulating and covered with rich vegetation and extensive water bodies.  The collected basidiomata 

were carefully cleaned aseptically, transferred into paper bags and transported to Accra Technical University for 

fungal hyphae iissue isolation.   
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Figure 5. Locational map of sample collection site 

 

3.2.2. Fungal Tissue Isolation 

The collected fruit bodies were first surface cleaned, longitudinally cut with scalpel and pull apart to expose the 

inner core. A hyphae fragment piece taken from the inner core was placed on AMEA medium prepared in a petri 

dish per the manufacturer’s instructions. The inoculated petri dish was cultured at 29-30°C for 14 days.  The 

resultant pure mycelium was transferred to MEA prepared from 2 % w/v malt extract and 1.5 % w/v agar with no 

antibiotic and incubated for 14 days in the dark.   

 

3.2.3. DNA Extraction 

Genomic DNA extraction from pure Ganoderma mycelial culture was done by protocol of Aime and Mora (2005) 

with slight modification.  Briefly, 2–4 mm of pure mycelium in a petri dish was carefully excised from actively 

growing zone of cultured fungal mycelium.  Genomic DNA was extracted from this material with UltraClean Plant 
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DNA Isolation Kit per the manufacturer’s instructions and fungal pigments or polysaccharides co-extracted with 

the DNA smples were cleaned with the GeneClean Spin kit, according to the manufacturer’s protocol (Qbiogene, 

Inc., Irvine, California).  

 

3.2.4. Polymerase Chain Reactions (PCR) 

ITS3 and ITS4 primers designed by White et al. (1990) were used for PCR amplification of the internal transcribed 

spacer 2 (ITS2) region for rapid identification of the collected Ganoderma mushroom samples.  The amplification 

was performed per the protocol of Liao et al. (2015) with a slight modification using 25-µL reaction mixtures, 

containing 12.5 µL of 2 × PCR buffer, 1 µL of each PCR primer (2.5 µM), and 2 µL of DNA extract.  The total 

volume was adjusted to 25 µL with sterile deionized water and PCR amplification was achieved with an initial 

denaturation step of 5 min at 94o C; 35 cycles of 30 s at 94 C,45 s at 50o C, and 1 min at 72o C; and a final extension 

of 7 min at 72o C.   

ITS1-F and ITS4 primers designed by Gardes and Bruns (1993) were used to amplify the internal transcribed 

spacer (ITS) region.  PCR amplification for ITS was performed by the protocol of Aime and Mora (2005) in 25 

mL reaction volumes with 12.5 mL of PCR Master Mix (Promega Corp., Madison, Wisconsin), 1.25 mL each of 

10 mM primers (upstream and downstream), and 10 mL of diluted (10- to 100-fold) DNA template. Cycle 

sequencing parameters consisted of a 2 min denaturation step at 94o C, then 35 cycles at 94o C for 39 s, 50o C for 

15 s and a final extension of 45s at 60o C.   

To further resolve the phylogenetic placement of the six isolates, the nLSU ribosomal region was amplified using 

the primer pairs LROR and LR6 according to the procedures outlined in Aime & Philips-Mora (2005).  The PCR 

was performed in 25 µL reaction volumes same as described above for the ITS.  LSU amplification was carried 

out under the same cycling program as for the ITS, except the cyclic extension step was increased to 4 mins All 
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the PCR products were cleaned with Montage PCR Centrifugal Filter Devices (Millipore Corp., Billerica, 

Massachusetts).   

 

3.2.5. Cycle Sequencing 

Sequencing reactions were cleaned by ethanol precipitation and sequenced with BigDye Terminator sequencing 

enzyme v.3.1 (Applied Biosystems, Foster City, California) by following the method described by Aime and Mora 

(2005) in the reaction: 2 mL of diluted BigDye in a 1: 3 dilution of BigDye: dilution buffer (400 mM Tris pH8.0, 

10 mM MgCl2); 0.3 mL of 10 mM primer; 10–20 ng of cleaned PCR template; and H2O to 5 mL total reaction 

volume.  For ITS2 and ITS, the sequencing primers were the same as those used for PCR but for LSU, LR0R, 

LR3R, LR5, and LR16 (Moncalvo et al., 2000) were used as internal sequencing primers.  

 

3.2.6. DNA Sequence Comparison 

Preliminary moleculr identification of the collected Ganoderma mushrooms was done by Blastn search of the 

ITS2, ITS and nLSU sequences against sequences at GenBank of the National Center for Biotechnology 

Information (NCBI).  DNA sequence of Ganoderma species sharing at least 98% nucleotide identity with those 

from Ganoderma mushroom isolates colleted in the present study were downloaded and used for the purpose of 

comparison and preliminary molecular identification.  

 

3.2.7. Molecular Phylogenetic Analyses 

Molecular phylogenetic trees were generated based on Bayesian inference (BI), a probabilistic method developed 

by Reverend Thomas Bayes based on Bayes' theorem.  The sequence data set generated were aligned with Clustal 

X in Geneious Prime Version 2020.03 and refinements to the alignment executed manually.  Bayesian inference 

University of Ghana http://ugspace.ug.edu.gh



 
 

44 

(BI) analysis was conducted for the ITS2, ITS and nLSU using Mr. Bayes Geneious Prime Version 2020.03 with 

parameters set to 1,100 000 generations, two runs and four chains.    

 

3.3. LC-MS Metabolomic Study of Cultured Ganoderma Mycelial Biomass 

 

3.3.1. Ganoderma Samples for Metabolome Study 

LC-MS-MS metabolomic analysis was used to characterize three of Ganoderma samples coded Ganoderma smple 

1, Ganoderma smple 9 and Ganoderma smple 17.  The three coded Ganoderma mushrooms were identified as 

Ganoderma enigmaticum, Ganoderma weberianum-sichuanese and Ganoderma resinaceum respectively in the 

molecular phylogenetic analysis in the present study.  Ganoderma sample 2, Ganoderma sampe 14 and Ganoderma 

sample 16 were lost through microbial contamination and were excluded from the subsequent analysis. 

 

3.3.2. Mycelia Biomass Production 

Malt extrct agar (MEA) was prepared and 2 mm piece of fourteen (14) days cultured mycelium excised from pure 

actively growing zone of each ganoderm mushroom was inoculated in the prepared MEA.  The inoculated MEA 

plate was cultured at 28-30ºC in the dark, 85-90% relative humidity.  The mycelia biomass was harvested when 

pin heads started forming by scrapping from the agar surface for LC-MS analysis.   

 

3.3.3. Sample Preparation for LC-MS Analysis 

Mycelia biomass (0.02 mg) was macerated with 500 µL methanol containg 0.1% formic acid.   The macerated 

sample was ultrasonicated for 48 h (100 Hz) at 25℃ for 30 min, centrifuged for 5 min at 9838 x g at 4°C using 

Eppendorf 5430R.  The supernatant filtered with sintered glass filter and of sample (5 µL) injected for LC-MS 

analysis.  Equal volume of 100 µL of each mixed and used as quality control sample.   
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3.3.4. LC-MS Analysis 

The chromatographic separations were performed using Agilent 1290 series (Agilent Corp., Santa Clara, CA, USA) 

High Performance Liquid Chromatogrphy (HPLC) system. ODS 1.8 µm, 2.1 mm ×100 mm column from Waters, 

Ireland was used for the separations.  The mobile phase A: 0.1 % formic acid in water and B: acetonitrile. The 

gradient elution was 25 % B at 0-2 min; 25-42 % of B at 2-20 min; 42-75% of B at 20-35 min; 75-95 % of B at 

35-40 min; 95-25 % of B at 40-42 min.  The flow rate for injection volume (5 µ) was 0.4 mL/min and the oven 

temperature was 40 °C.  The column was equilibrated for 5 min using 25% of the mobile phase B before each 

injection.  The column was equilibrated by injecteing three times quality control (QC) sample before and after each 

sample and reference compound injection.  The separated components were detected with Q-TOF mass 

spectrometer from Agilent Corp., CA (USA) equipped with an electrospray ionization (ESI) interface.   MS-MS 

was run in negative ion mode with m/z values ranging from 60-1000.   

 

3.3.5. LC-MS Data Processing 

LC-MS data obtained were changed to mzData format.  R-Package XCMS was used to perform peak finding, 

filtering and alignment.  PLS-DA and heatmap were performed with R software (R 3.6.1) in order to capture the 

differences between the mycelia biomass of three samples.   

 

3.3.6. Identification of Metabolites 

Chemical composition was determined by comparing fragmentation patterns and retention times of detected 

metabolites with reference pure compounds or reference to relevant published literature (Hennicke et al., 2016; 

Xin et al., 2018 and Yang et al., 2007).   
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3.4. Evalution of Biological Activity 

 

3.4.1. Cell Viability Inhibition 

The effect of ethanol extract, fractions and subfractions of mycelial biomass of Ganoderma LVRB-9 on viability 

on the human carcinoma cell line PC-3 and two human lymphoma cell lines; Jurkat, derived from a T cell leukemia, 

and PMDC05, a plasmacytoid dendritic cell (pDC) derived from acute leukemia was test by MTT assay.  TIC 

results from UPLC-Q-TOF-MS analysis showed that the the most prominent peaks are found Ganoderma LVRB-

9.  Ganoderma LVRB-9 was therefore selected for the biological activity evaluation.   

 

3.4.2. Production of Mycelial Biomass 

Malt extract agar solid medium was prepared in a microbox per the manufacturer’s instruction (Combinessnv, 

Belgium) and a layer of sterile cellophane was carefully overlaid on the agar medium.  A small piece of 10-days 

cultured mycelium of Ganoderma LVRB-9 was placed onto the agar medium overlaid with the layer of cellophane.  

The microbox was sealed and incubated at 28ºC and 90% of relative humidity of air until the fungal mycelial 

spread through the agar medium onto the overlaid cellophane.  The fungal mycelial biomass was peeled from the 

cellophane layer 35 days later when the primordial heads started forming out of the mycelial biomass.  The mycelial 

biomass was dried to <7% moisture at 50ºC with circulating air for 3 days and ground into fine powder using 

micropul model 3TH electrical mill (Aloha Medicinal, USA).  

 

3.4.3. Mycelial Biomass Extraction 

Three hundred (300) grams of Ganoderma LVRB-9 mycelial biomass was extracted three (3) times with 1.5L of 

absolute ethanol for six hours at 50ºC and filtered using a mixture of cotton and glass wool.  The filtrates were 
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combined and dried under vacuum with a Heidolph Rotary evaporator at 40ºC and 1 atmospheric pressure to obtain 

the crude ethanol     extract (GL-CO1).   

 

3.4.4. Column Chromatographic fractionation  

Crude ethanol extract (GL-CO1) was subjected iilica gel column chromatography using differing mixtures of 

solvents of increasing polarity to obtained seven solvent fraction GL-C1to C7.  GL-C1 was eluted with 100 ml 

hexane/ethyl (90/10) mixture.  GL-C2 was eluted with 200 ml hexane/ethyl acetate (70/30) mixture while GL-C3 

was eluted with 400 ml hexane/ethyl acetate (40/60) mixture and GL-C4 was eluted with 300 ml ethyl 

acetate/methanol (90/10) mixture.  GL-C5 was eluted with 200 ml ethyl acetate/methanol (50/50) mixture and 

GL-C6  and  GL-C7, were eluted with 300 ml methanol/ethyl acetate (80/20) and 200 ml of 100 % methanol 

respectively.  The seven fractions concentrated under reduced pressure were transferred into 1.5 ml sample vial for 

bioactivity assays.  GL-C2 was found promising and, therefore, subjected refractiionation by silica gel column 

chromatography as described above to yield nine sub-fractions GL-C2-C1 to C9.  Further bioactivity analysis of 

GL-C2-C1 to C9, revealed the GL-C2-C1, GL-C2-C4 and GL-C2-C5 were very interesting.  The flow chart for 

the silica column chromatography purification of GL-ethanol extract is shown in Figure 6. 
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Figure 6. A flow chart of silica column chromatographic fractionation of Ganoderma LVRB-9ethanol extract. 

 

 

3.4.5. In-vitro Cell Viability (MTT) Assay 

 

3.4.5.1. Cell Cultures Used in the Study 

Human prostatic tumor cell line (PC-3), T cell lymphoma line (Jurkat) and Chang liver cell (normal liver cell) used 

in this study were donated by Professor Itoh of Tokyo University of Japan.  The specialized innate immune cell, 

plasmacytoid dendritic cell (pDC) was donated by Professor Vincent C. Lombardi, Department.  The cells were 
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maintained on RPMI-1640 medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 100 

Ag/ml streptomycin in 25-cm2 culture flasks at 37 ºC in humidified atmosphere with 5% CO2. 

 

3.4.5.2. Cell Viability (MTT) Assay 

Cell viability of the crude ethanol extract, fractions and subfractions of the mycelial biomass was evaluated by 3-

[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay.  Briefly, Jurkat, PC-3, pDC and Chang 

liver cells in their exponential growth stage were harvested and resuspended in fresh medium at a cell density of 1 

x 105 cells/milliliter, 100 µL aliquots transferred into wells in 96-well plates and incubated for 24 hours in a CO2 

incubator with 5% CO2 at 37 ºC.  The 24-hour incubated cells were treated with various concentrations of either 

(i) crude mycelial biomass ethanol extract (GL-C01) (1000 μg/mL- 62.5 μg/mL) or (ii) fractions from the crude 

mycelial ethanol extract (GL-C1 to GL-C7) (100 μg/mL-6.25 μg/mL) or (iii) subfractions of the crude mycelial 

biomass fraction (GL-C2-C1 to GL-C2-C9) (100 μg/mL-6.25 μg/mL) or (iv) curcumin (2.3-0 36.80 μg/mL) as a 

positive control or media alone  as negative control.  The treated cells were incubated for 72 hours at 37 oC with 

5% CO2 and 50 μl of PBS solution containing 1 mg/mL MTT was added to each well in the dark place, covered 

with aluminum foil.  The media was removed and 100 μL of DMSO added to solubilize purple formazan crystals 

at room temperature in the dark and the optical density read at 570 nm.  The experiment was performed in triplicate 

(n=3) to determine the percentage cell viability.  The inhibitory concentration at fifty percent (IC50) was determined 

and the selectivity index (SI), a ratio of the IC50 value of each sample in the normal cell line (Chang liver) to IC50 

values of the other cells used in the study calculated.    
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4.1. Molecular Identification and Phylogenetic Analysis 

 

4.1.1. Origin and Sampling of Ganoderma Isolates 

Six fungal isolates resembling Ganoderma were opportunistically collected from different locations 

(Agortigagorme, Azaglo Torkor, Kizito Campus, Lukunu and Degorme) (Figure 5) during the rainy season of 

May–June 2015.  Of the six collections, Ganoderma isolates LVRB-2 and LVRB-17 were found growing on dead 

Acacia trees (Figure 7A and 7F).  Another two isolates coded Ganoderma LVRB-9 and Ganoderma LVRB-16 

were found growing on Mangifera indica (Figure 7C and 7E).  Out of the remaining two, one of the collections 

designated Ganoderma LVRB-1 was found growing on dead Azadirachta indica (Figure 7A), while the last 

collection designated Ganoderma LVRB-14 was found on Baphia nitida (Figure 7D).  The upper hymenial surface 

of the fruiting bodies collected from Mangifera indica and Acacia spp. were reddish brown in colour (Figure 7B, 

7C, 7E and 7F) while collections from Azadirachta indica and Baphia nitida were yellowish brown in colour 

(Figure 7A, and 7D).  The Ganoderma sample LVRB-2 and Ganoderma sampleLVRB-17 from Acacia spp. 

showed single bracket growth pattern.  The rest of the collections, however, exhibited storey growth pattern.  As 

summarized, Ganoderma sample LVRB-14 and Ganoderma sample LVRB-16 were from Lukunu and one each 

was collected from Agortigagorme (Sample LVRB-1), Degorme (Sample LVRB-2), Kizito Campus (Sample 

LVRB-9) and Azaglo Torkor (Sample LVRB-17) (Table 1).  The sample collection site has extensive water bodies 

(Volta River, Aklakpa River and Aklamador River) and undulating land is covered with luxuriant vegetation 

(Figure 5).   
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Table 1. Collection details and morphological features of Ganoderma isolates 

 

Sample code Host tree species Collection site Collection 

Date 

Color Concentric 

zone growth 

Growth 

pattern 

LVRB-sp1 Azadirachta 

indica 

Agortigagorm

e 

2/5/2015 Yellowish 

brown 

Fairly present Storey 

LVRB-sp2 Acacia spp. Degorme 2/5/2015 Reddish brown  Absent Single bracket 

LVRB-sp9 Mangifera indica Mepe Kizito  2/5/2015 Reddish Brown Absent  Single bracket 

LVRB-sp14 Baphia nitida Lukunu 31/05/2015 Yellowish 

brown 

Fairly present Storey  

LVRB-sp16 Mangifera indica Lukunu 31/05/2015 Reddish Brown Fairly present Storey 

LVRB-sp17 Acacia spp.  Azaglo Torkor 14/06/2015 Reddish Brown Fairly present  Single bracket 
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Figure 7. Collected Ganoderma specimen. A: Ganoderma isolate LVRB-1 growing on dead Azadirachta indica 

collected from Agortigagorme; B: Ganoderma isolate LVRB-2 growing on dead Acacia spp. collected from 

Degorme; C: Ganoderma isolate LVRB-9 growing at the base of Mangifera indica collected from Kizito Campus; 

D: Ganoderma  isolate LVRB-14 growing on dead Baphia nitida collected from a farm in Lukunu; E: Ganoderma 

isolate LVRB-16 growing on at the base of Mangifera indica collected from Lukunu and F: Ganoderma isolate 

LVRB-17 collected from Azaglo Torkor. 

 

4.1.2. Sequence Generation 

Genomic DNA amplification and sequencing of the ITS2 region was successful for all the Ganoderma isolates 

(Table 2), except Ganoderma LVRB-9, which yielded poor-quality sequence data.  The ITS2 sequence was also 

found not to be sufficient for resolving the phylogeny of Ganoderma isolates LVRB-2 and LVRB-17.  As a result, 

the complete ITS region was sequenced for Ganoderma isolates LVRB-2, LVRB-17 and LVRB-9 (Table 3).  The 

nLSU region was also amplified and sequenced for all the six Ganoderma mushrooms collected (Table 4).   
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Table 2. ITS2 sequence matching results of Ganoderma isolatesLVRB-1, LVRB-2, LVRB-14, LVRB-16 and 

LVRB-17 

Ganoderma 

isolates  DNA sequence 

Highet matching 

sequence similarity of 

(%) 

LVRB-1 

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGT

TTGAGTGTCATGAAATCTTCAACTTGCAACCTCTTTGCGGAGTTTGTAGGCTTGGACT

TGGAGGGCTTGTCGGCCTTTAACGGTCGGCTCCTCTTAAATGCATTAGCTTGATTCCTT

GCRGATCGGCTGTCGGTGTGATAAAATGTCTACGCCGTGACCGTGAAGCGTTTGGAT

GAGCTTCcAACCGTCTTGsTTCAAAGACAACTTTttATGACCTCTGACCTCAAATCAGGT

AGGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA 

Ganoderma 

enigmaticum voucher 

Ghana1a/938398 

99.49 

 

LVRB-2 

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGT

TTGAGTGTCATGAAATCTTCAACCTGCAAGCTTTTAATCGGTTTGTAGGCTTGGATTT

GGAGGCTATTGTCGGCCTTTATCGGTCGGCTCCTCTTAAATGTATTAGCTTGGTTCCTT

GCGGATCGGCTTGTCGGTGTGATAATGTCTACGCCGCGACCGTGAAGCGTTTGGGCA

AGCTTCTAACCGTCTCACTTTAGAGACAACCTTATGACCTCTGACCTCAAATCAGGTA

GGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA 

Ganoderma 

mbrekobenum voucher 

UMN7-4 GHA 

100.00 

 LVRB-14 

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGT

TTGAGTGTCATGAAATCTTCAACTTGCAACCTCTTTGCGGAGTTTGTAGGCTTGGACT

TGGAGGGCTTGTCGGCCWTTAACGGTCGGCTCCTCTTAAATGCATTAGCTTGATTCCT

TGCGGATCGGCTGTCGGTGTGATAAAATGTCTACGCCGTGACCGTGAAGCGTTTGGAT

GAGCTTCCAACCGTCTTGCTTCAAAGACAACTTTTTATGACCTCTGACCTCAAATCAG

GTAGGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA 

Ganoderma 

enigmaticum voucher 

Ghana1a/938398 

99.74 

LVRB-16 

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGT

TTGAGTGTCATGAAATCTTCAACTTGCAACCTCTTTGCGGAGTTTGTAGGCTTGGACT

TGGAGGGCTTGTCGGCCWTTAACGGTCGGCTCCTCTTAAATGCATTAGCTTGATTCCT

TGCGGATCGGCTGTCGGTGTGATAAAATGTCTACGCCGTGACCGTGAAGCGTTTGGAT

GAGCTTCcAACCGTCTTGCTTcAAaGACAaCTTTttATGACCTCTGACCTCAAATCAGGTA

GGACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA 

Ganoderma 

enigmaticum voucher 

Ghana1a/938398 

99.74 

                                  

LVRB-17 

GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTG

AATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGT

TTGAGTGTCATGAAATCTTCAACCTGCAAGCTTTTAATCGGTTTGTAGGCTTGGATTT

GGAGGCTATTGTCGGCCTTTATCGGTCGGCTCCTCTTAAATGTATTAGCTTGGTTCCTT

GCGGATCGGCTTGTCGGTGTGATAATGTCTACGCCGCGACCGTGAAGYGTTTGGGCA

AGCTTCTAACCGTCTCACTTTAGAGCAACCTTATGACCTCTGACCTCAAATCAGGTAG

GACTACCCGCTGAACTTAAGCATATCAATAAGCGGAGGA 

Ganoderma 

mbrekobenum voucher 

UMN7-4  

99.48 
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Table 3. ITS sequence matching results of Ganoderma isolate LVRB-2, LVRB-9 and LVRB-17 

 

Ganoderma 

isolates  DNA sequence 

Highet matching 

sequence similarity of 

(%) 

LVRB-2 

GTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTATCGAG

TTTTGACTGGGTTGTAGCTGGCCTTACGAGGCATGTGCACGCCCTGCTCATCCGCT

CTACACCTGTGCACTTACTGTGGGTTACAGACGGTGAAGCGGGCTTCTTACGGGG

AGCTTGTGAAGCGTGTCTGTGCCTGCGTTTACCACAAACTCTTTAAAGTATTAGAA

TGTGTATTGCGATGTAACGCATCTATATACAACTTTCAGCAACGGATCTTGGCTCT

CGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCA

GTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCAT 

Ganoderma 

mbrekobenum voucher 

UMN7-4 GHA 

99.49 

 

LVRB-9 

CATTATCGAGTTTTGACTGGGTTGTAGCTGGCCTTCCGAGGCATGTGCACGCCCTG

CTCATCCACTCTACACCTGTGCACTTGCTGTGGGTTTCAAACGTCGTAAAGCGAGT

CTCTTTACCGAGCTTGTAGAGCGGCGTCTGTGCCTGCGTTTATCACAAACTCTATA

AAGTATTAGAATGTGTATTGCGATGTAACGCATCTATATACAACTTTCAGCAACG

GATCTCTTGGCTCTCGCACCGATGAAGAACGCAGCGAAATGCGATAAAATGTGAA

TTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATT

CCGAGGAGCATGCCTGTTTGAGTGTCATGAAATCTTCAACTTACAGACCTTTGC 

Ganoderma 

weberianum strain 

CBS 128581 

98.72 

LVRB-17 

GTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTATCGAG

TTTTGACTGGGTTGTAGCTGGCCTTCCGAGGCATGTGCACACCCTGCTCATCCACT

CTACACCTGTGCACTTACTGTGGGTTCCAGACGTTGTGAAGCGGGCTCTTTACGGA

GCTTGTAAAGCGGCGTGCCTGTGCCTGCGTTTATCACAAACTCTATAAAGTATTAG

AATGTGTATTGCGATGTAACGCATCTATATACAACTTTCAGCAACGGCTCTTGGCT

CTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATT

CAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAG 

Ganoderma 

resinaceum isolate F-2 

99.48 
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Table 4. nLSU sequence matching results of Ganoderma isolates LVRB-1, LVRB-2, LVRB-9, LVRB-14, 

LVRB-16 and LVRB-17 

Ganoderma 

isolates  DNA sequence 

Highet matching 

sequence similarity of 

(%) 

 LVRB-1 GAGCGGTCCAATCAAGCGACGGCTCGTTCTTACATATTTAAAGTTTGAGAATAGGTTA

AGGTTGTTTCAACCCCAAGGCCTCTAATCATTCGCTTTACCACATAAATCTGATAATG

AGTTTCTGCTATCCTGAGGGAAACTTCGGCAGGAACCAGCTACTAGATGGTTCGATTA

GTCTTTCGCCCCTATACCCAAATTTGACGATCGATTTGCACGTCAGAATCGCTACGAG

CCTCCACCAGAGTTTCCTCTGGCTTCACCCTATTCAGGCATAGTTCACCATCTTTCGGG

TCCCAACATACATGCTCTACCGCGGATCCGTCAGAGAACGTCAGGTCCGGGCGTCGA

TGCCCCCCACGACAGGGGTCTCAACTTTCACTTTCATTACGCGCTCGGGTTTTCCACC

CAAACACTCGCAGGTATGTTAGACTCCTTGGTCCGTGTTTCAAGACGGGTCGTTTAAA

GCCATTATGCCAGCATCCTAAGCGCGAAAGTGGGATAAACCCCTGCCTTACGGCGCG

CTGCGTTCCTCGATCCCAACCGCCGTATGCGACCAGAGTCTATAACACACCATAAGGT

GCCACATTACTCCAGCCCTTTTCCGACGGTCAAAATCGATGCTGACCCGTCAATCCGG

AAAGTGCACCAAGCAAAAAAGCAAGGCTGAGTTCCGGATGACGCGACTGACTTCAA

GCGTTTCCCTTTCAGCAATTTCACGTACTGTTTAACTCTCTTTCCAAAGTGCTTTTCAT

CTTTCCCTCACGGTACTTGTTCGCTATCGGTCTCTCGCCAATATTTAGCTTTAGATGGA

ATTCACCACCCATTTTGAGCTGCATTCCCAAACAACTCGACTCTTTGAGAGCGCATCA

CAAAGCACTGGTAGTCCGTGTCAAAGACGGGATTCTCACCCTCTATGACGCTCTGTTC

CAAGAGACTTATACACGGTCCAGCGCGGAAAGCACTTCTCCAGACTACAACTCGGAC

GGCCAAAGACCGCCAGATTTTAAATTTGAGCTTTTCCCGCTTCACTCGCAGTTACTAG

GGGAATC 

Ganoderma 

enigmaticum CBS 

139792 

99.90 

 LVRB-2 TAAGCATATCAATAAGCGGAGGAAAAGAAACTAACAAGGATTCCCCTAGTAACTGCG

AGTGAAGCGGGAAAAGCTCAAATTTAAAATCTGGCGGTCTTTGGCCGTCCGAGTTGT

AGTCTGGAGAAGTGCTTTCCGCGCTGGACCGTGTATAAGTCTCTTGGAACAGAGCGTC

ATAGAGGGTGAGAATCCCGTCTTTGACACGGACTACCAGTGCTTTGTGATGCGCTCTC

AAAGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGGGTGGTGAATTCCATCTAAAG

CTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGATGAAAAG

CACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGCTGAAAGGGAAACGCTTGAAG

TCAGTCGCGTTGTCCGGAACTCAGCCTTGCTTTTGCTTGGTGCACTTTCCGGATGACG

GGTCAGCATCGATTTTGACCGTCGGAAAAGGGCTAGAGTAATGTGGCACCTTCGGGT

GTGTTATAGACTCTGGTCGCATACGGCGGTTGGGATCGAGGAACGCAGCGCGCCGTA

AGGCAGGGGTTCTCCCACTTTCGCGCTTAGGATGCTGGCATAATGGCTTTAAACGACC

CGTCT 

Ganoderma 

mbrekobenum voucher 

UMN7-4 GHA 

100.0 

 LVRB-9 ATCAAGCGACGGCTCGTTCTTACATATTTAAAGTTTGAGAATAGGTTAAGGTTGTTTC

AACCCCAAGGCCTCTAATCATTCGCTTTACCACATAAATCTGATAATGAGTTTCTGCT

ATCCTGAGGGAAACTTCGGCAGGAACCAGCTACTAGATGGTTCGATTAGTCTTTCGCC

CCTATACCCAAATTTGACGATCGATTTGCACGTCAGAATCGCTACGAGCCTCCACCAG

AGTTTCCTCTGGCTTCACCCTATTCAGGCATAGTTCACCATCTTTCGGGTCCCAACATA

CATGCTCTACCGCGGATCCGTCAGAGAACGTCAGGTCCGGGCGTCGATGCTCCCCAC

GACAGGGATCTCAACTTTCACTTTCATTACGCGCTCGGGTTTACCACCCAAACACTCG

CAGGTATGTTAGACTCCTTGGTCCGTGTTTCAAGACGGGTCGTTTAAAGCCATTATGC

CAGCATCCTAAGCGCGAAAGTGGGCGAACCCCTGCCTTGCGGCGCGCTGCGTTCCTC

GATCCCAACCGCCGTATGCGACCGGAGTCTATAACACACCCGGAGGTGCCACATTAC

TCCAGCCCTTTTCCGACGGTCAAAATCGATGCTGACCCGTCATCCGGAAAGTGCACCA

AGCGAAAGCAAGGCTGAGTTCCGGACAACGCGACTGACTTCAAGCGTTTCCCTTTCA

GCAATTTCACGTACTGTTTAACTCTCTTTCCAAAGTGCTTTTCATCTTTCCCTCACGGT

ACTTGTTCGCTATCGGTCTCTCGCCAATATTTAGCTTTAGATGGAATTCACCACCCATT

TTGAGCTGCATTCCCAAACAACTCGACTCTTTGAGAGCGCATCACAAAGCACTGGTA

GTCCGTGTCAAAGACGGGATTCTCACCCTCTATGACGCTCTGTTCCAAGAGACTTATA

Ganoderma 

pseudoferreum strain 

CATAS-RRI-Gp-15 

99.71 
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CACGGTCCAGCGCGGAAAGCACTTCTCCAGACTACAACTCGGACGGCCAAAGACCGC

CAGATTTTAAATTTGAGCTTTTCCCGCTTCACTCGCAGTTACTAGGGGAATC 

LVRB-14 GATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATTTAAAATCTGGCGGT

CTTTGGCCGTCCGAGTTGTAGTCTGGAGAAGTGCTTTCCGCGCTGGACCGTGTATAAG

TCTCTTGGAACAGAGCGTCATAGAGGGTGAGAATCCCGTCTTTGACACGGACTACCA

GTGCTTTGTGATGCGCTCTCAAAGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGGG

TGGTGAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCG

TGAGGGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGCT

GAAAGGGAAACGCTTGAAGTCAGTCGCGTCGTCCGGAACTCAGCCTTGCTTTTTTGCT

TGGTGCACTTTCCGGATTGACGGGTCAGCATCGATTTTGACCGTCGGAAAAGGGCTG

GAGTAATGTGGCACCTTATGGTGTGTTATAGACTCTGGTCGCATACGGCGGTTGGGAT

CGAGGAACGCAGCGCGCCGTAAGGCAGGGGTTTATCCCACTTTCGCGCTTAGGATGC

TGGCATAATGGCTTTAAACGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATAC

CTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGTAATGAAAGTGAAAGTTGAGACCCC

TGTCGTGGGGGGCATCGACGCCCGGACCTGACGTTCTCTGACGGATCCGCGGTAGAG

CATGTATGTTGGGA 

Ganoderma 

enigmaticum voucher 

Ghana1a/938398 

100.00 

 LVRB-16 GATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATTTAAAATCTGGCGGT

CTTTGGCCGTCCGAGTTGTAGTCTGGAGAAGTGCTTTCCGCGCTGGACCGTGTATAAG

TCTCTTGGAACAGAGCGTCATAGAGGGTGAGAATCCCGTCTTTGACACGGACTACCA

GTGCTTTGTGATGCGCTCTCAAAGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGGG

TGGTGAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCG

TGAGGGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGCT

GAAAGGGAAACGCTTGAAGTCAGTCGCGTCGTCCGGAACTCAGCCTTGCTTTTTTGCT

TGGTGCACTTTCCGGATTGACGGGTCAGCATCGATTTTGACCGTCGGAAAAGGGCTG

GAGTAATGTGGCACCTTATGGTGTGTTATAGACTCTGGTCGCATACGGCGGTTGGGAT

CGAGGAACGCAGCGCGCCGTAAGGCAGGGGTTTATCCCACTTTCGCGCTTAGGATGC

TGGCATAATGGCTTTAAACGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATAC

CTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGTAATGAAAGTGAAAGTTGAGACCCC

TGTCGTGGGGGGCATCGACGCCCGGACCTGACGTTCTCTGACGGATCCGCGGTAGAG

CATGTATGTTGGGA 

Ganoderma 

enigmaticum CBS 

139792 

99.71 

LVRB-17 GATTCCCCTAGTAACTGCGAGTGAAGCGGGAAAAGCTCAAATTTAAAATCTGGCGGT

CTTTGGCCGTCCGAGTTGTAGTCTGGAGAAGTGCTTTCCGCGCTGGACCGTGTATAAG

TCTCTTGGAACAGAGCGTCATAGAGGGTGAGAATCCCGTCTTTGACACGGACTACCA

GTGCTTTGTGATGCGCTCTCAAAGAGTCGAGTTGTTTGGGAATGCAGCTCAAAATGGG

TGGTGAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAGTACCG

TGAGGGAAAGATGAAAAGCACTTTGGAAAGAGAGTTAAACAGTACGTGAAATTGCT

GAAAGGGAAACGCTTGAAGTCAGTCGCGTCGTCCGGAACTCAGCCTTGCTTTTTTGCT

TGGTGCACTTTCCGGATTGACGGGTCAGCATCGATTTTGACCGTCGGAAAAGGGCTG

GAGTAATGTGGCACCTTATGGTGTGTTATAGACTCTGGTCGCATACGGCGGTTGGGAT

CGAGGAACGCAGCGCGCCGTAAGGCAGGGGTTTATCCCACTTTCGCGCTTAGGATGC

TGGCATAATGGCTTTAAACGACCCGTCTTGAAACACGGACCAAGGAGTCTAACATAC

CTGCGAGTGTTTGGGTGGAAAACCCGAGCGCGTAATGAAAGTGAAAGTTGAGACCCC

TGTCGTGGGGGGCATCGACGCCCGGACCTGACGTTCTCTGACGGATCCGCGGTAGAG

CATGTATGTTGGGA 

Ganoderma 

resinaceum voucher 

LGAM 566 

100.00 
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4.1.3.  DNA Sequence Comparisons by BLASTn 

As indicated in Table 2, ITS2 BLASTn search revealed Ganoderma mushrooms LVRB-1, LVRB-14 and LVRB-

16 displayed highest matching sequence similarity of 99.49%, 99.74% and 99.74% with G. enigmaticum (Table 

2).  Similarly, the isolates designated Ganoderma LVRB-2 and Ganoderma LVRB-17 showed the highest 

similarity of 100%, and 99.48 respectively with the species G. mbrekobenum (Table 2).   

In the ITS BLASTn search (Table 3), Ganoderma LVRB-9 showed the highest similarity with G. weberianum 

(98.72%), whereas Ganoderma LVRB-2 displayed the highest similarity with G. mbrekobenum (99.47%).  

Interestingly, the isolate Ganoderma LVRB-17 showed the highest similarity with G. resinaceum (99.48%), 

contrary to the similarity with the species G. mbrekobenum observed earlier, suggesting Ganoderma LVRB-17 

was misidentified in the ITS2 Blastn search.  

BLASTn analysis of the nLSU sequence (Table 4) revealed high similarity with four different species of 

Ganoderma.   Ganoderma LVRB-1 showed the highest sequence similarity with G. enigmaticum (99.90%) and 

the isolate designated Ganoderma LVRB-2 showed highest sequence similarity with G. mbrekobenum (100%).  

Ganoderrma LVRB-9 showed the highest similarity with G. pseudoferreum (99.71%) compared to G. weberianum 

98.72 % in ITS analysis.  Ganoderma LVRB-14 showed the highest similarity with G. enigmaticum (100.00%) 

and the isolate designated Ganoderma LVRB-16, showed the highest similarity with G. enigmaticum (99.71%). 

Finally, Ganoderma sample LVRB-17 showed the highest matching similarity with G. resinaceum (100%).   

 

4.1.4. DNA Sequence and Data Sets for Phylogenetic Analysis 

DNA sequences of Ganoderma species sharing at least 98% nucleotide identity with those from the Lower Volta  

River Basin of Ghana were downloaded and used for the purpose of comparison. The detailed information on the 

sequences, in this study is presented in Table 5. 
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Table 3.  ITS2, ITS and nLSU Ganoderma sequences from the Lower Volta River Basin of Ghana and GenBank 

accession numbers of other isolates used in this study. 

 

Species ID Origin 
GenBank Accession No. 

ITS-2 ITS LSU 

G. oregonense CBS 265.88 USA JQ781875 JQ781875    

G. oregonense 340OR USA MG654189 MG654189    

G. oregonense JLF1625 USA MH277959 MH277959     

G. mbrekobenum UMN7-4 GHA Ghana KX000898 KX000898  

G. mbrekobenum MIN 850481 Ghana NR_147647 NR_147647  

G. mbrekobenum SSP:10 India KY865253 KY865253  

G. mbrekobenum SSPG5 India MK940290     

G. mbrekobenum.  SSPG7 a India MK940289   

G. mbrekobenum SSPG6 a India MK940286   

G. mbrekobenum NGM India MH221092 MH221092    

Ganoderma sp. LVRB17a Ghana This Study This study This study 

G. resinaceum GR-102 India GU451247   

G. resinaceum GR33 Egypt KX428468   

G. resinaceum GR-101 India GU451246   

G. enigmaticum Ghana1a/938398 Ghana KR150678 KR150678 KR150679 

G. enigmaticum Ghana2/938397 Ghana KR014265 KR014265 KR014266 

G. enigmaticum CBS 139792 South Africa NR_132918  

NG_05815

6 

G. enigmaticum Dai 15970 South Africa KU572486 KU572486    

G. enigmaticum Dai 15971 South Africa KU572487   KU572487  

G. enigmaticum I160004 South Africa MK453308 MK453308  

Ganoderma sp. LVRB1a Ghana This Study This study This study 

Ganoderma sp. LVRB16a Ghana This Study This Study This study 

Ganoderma sp. LVRB 9a Ghana  This Study This study 

Trametes hirsuta CLF6 India MH091710 MH091710  

Trametes hirsuta P8 s Philippines MF377416 MF377416  

G. weberianum CBS 219_36 Philippines  MK603804  

G. weberianum  CBS 128581 Taiwan  MH864975    

G. weberianum CBS 128581 Taiwan  MH864975  

G. lucidum GL23 2 China   DQ424976  

G. sichuanense  G68 China  KX055552  

G. sichuanense Cui7691 China  JQ781878  

G. sichuanense HMAS42798 China  JQ781877  

G. lucidum GL23 1 China  DQ424975  

G. resinaceum 

ACAM 2013-

0027 Greece  MG706235  

G. resinaceum DP107 Italy  AM906064  
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G. lucidum AP14 India  FJ463905  

G. resinaceum LGAM 568 Greece  MG706255  

Ganoderma resinaceum F-2 Italy   KJ509597  

Ganoderma resinaceum F-1 France  JN588588  

Ganoderma resinaceum DP2 Italy  AM906060  

Ganoderma pfeifferi G2/11 Italy  AM269774  

Ganoderma resinaceum LGAM 567 Greece  MG706254 MG706200 

Ganoderma resinaceum LGAM 462 Greece  MG706250  

G._enigmaticum CMW50318 South Africa  MH571697  

G._enigmaticum CBS 139792 South Africa   NR_132918    

G._enigmaticum G-1 India  KU870313  

G. pseudoferreum 

CATAS-RRI-Gp-

21 China   KX454438 

G. pseudoferreum 

CATAS-RRI-Gp-

18 China   KX454435 

G. destructans CBS 139793 South Africa   MH878652 

G. destructans CMW43671 South Africa   KR183861   

G. austroafricanum CBS 138724 South Africa   

NG_06427

2 

G. lingzhi Dai 15799 China   KU220019   

G. lingzhi Dai 15798 China   KU220018 

G. lucidum Cui 9164 China   JN048793 

G. lucidum IUM01122 Korea   DQ208411   

G. weberianum CBS 128581 Taiwan   MH876427 

G. weberianum CBS 219.36 Philippines   MH867289   

G. resinaceum LGAM 566 Greece   MG706199   

G. resinaceum LGAM 486 Greece   MG706197 

G. resinaceum ACAM DD0863 Greece   MG706184 

G. enigmaticum CMW43669 South Africa   KR183859 

Trametes hirsuta CBS 282.73 Germany   MH872390   

Trametes hirsuta_ _ CBS 320.29 Canada   MH866536 

 

 

4.1.5. Phylogenetic Analysis 

4.1.5.1. ITS2 Phylogenetic Analysis 

Bayesian posterior probability (BPP) was conducted for all the successfully sequenced Ganoderma collections 

using MrBayes Geneious Prime Version 2020.03 and the resulting phylogenetic tree is presented in Figure 8.  As 

shown in Figure 8, Ganoderma isolates LVRB-1, LVRB-14 and LVRB-16 formed a well-supported clade (BPP 

= 0.991) with G. enigmaticum, indicating they belong to the species G. enigmaticum.  On the other hand, 
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Ganoderma isolates LVRB-2 and LVRB-17 clustered with G. mbrekobenum with a very strong support (BPP = 

1.00).  The BPP analysis of ITS2 sequence suggests the Ganoderma collections belong to two distinct clades, G. 

enigmaticum and G. mbrekobenum (Figure 8).  
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Figure 8.  Bayesian tree showing position of collected Ganoderma compared to ITS2 sequences at GenBank.  

Branch node values represent Bayesin posterior probability (BPP).  Tramete hirsuta from India and Phillipnes used 

as outgroups.   
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4.1.5.1.2. ITS2 RNA Secondary Structure Analysis 

The ITS2 sequences in the present study were subjected to RNA secondary structure analysis using ITS2 database 

(Keller et al., 2009).  As illustrated in Figure 9, Ganoderma iolates LVRB-1, LVRB-14 and LVRB-16, which 

formed a well-supported clade with G. enigmaticum in the ITS2 Bayesian Posterior Probability (BPP) analysis, 

displayed similar RNA secondary structures.  Ganoderma isolates LVRB-2 and LVRB-7, which clustered with G. 

mbrekobenum exhibited similar ITS2 RNA secondary structures.  

 

  

Figure 9. RNA secondary structures of ITS2 of Ganoderma isolates. 

 

However, a close morphological examination of Ganoderma samples LVRB-2 LVRB-17 suggest the two isolates 

are phenotypically different (Figure 7A and B); indicating the two isolates are not closely related.  To address the 

above challenge, complete ITS of Ganoderma samples LVRB-2 and LVRB-17 together with Ganoderma sample 
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LVRB-9, which yielded poor-quality ITS2 sequence data, were sequenced and analyzed to provide better insight 

into their molecular identity and phylogenetic placement.   

 

4.1.5.2. ITS Phylogenetic Analysis 

The results of Bayesian analysis of Ganoderma samples LVRB-2, LVRB-9 and LVRB-17 is presented in Figure 

10.  As shown (Figure 10), Ganoderma LVRB-17 clustered with G. resinaceum but with a low statistical support 

(BPP = 0.665).  Although the statistical support for the clade was not very strong, the finding suggested Ganoderma 

LVRB-17 might have been misidentified in the ITS2 sequence analysis.  This finding is not too much surprising 

because identification accuracies of ITS2 region were reported to be < 92.7% (Chen et al., 2010) and ITS is known 

to display higher species diversity relative to ITS2 (Kress et al., 2005.  Ganoderma LVRB-9, however was found 

to be closely related to G. weberianum and G. sichuanese with a moderately higher statistical support (BPP = 

0.774) (Figure 10).  As clearly shown in Figure 10, Ganoderma LVRB-2 clustered with the species of G. 

mbrekonenum with a strong statistical support (BPP = 0.847), providing further evidence that the Ganoderma 

sample designated LVRB-2 belongs to the species G. mbrekobenum.  The results of ITS Bayesian analysis 

suggested Ganoderma samples LVRB-2, LVRB-9 and   LVRB-17 are separated phylogenetically from each into 

three clades namely, Ganoderma mbrekobenum, Ganoderma weberianum-sichuanese complex and Ganoderma 

resinaceum.   
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Figure 10. Bayesian phylogenetic tree showing position of collected Ganoderma compared to ITS sequence data 

at GenBank.  Branch node values represent Bayesian poterior probability (BPP).  Trametes hirsute from India 

and Philippines used as out groups.    
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4.1.5.3. LSU Phylogenetic Analysis 

The 28S (nLSU) was sequenced for all the Ganoderma mushrooms (n = 6) and the resultant phylogenetic tree is 

presented in Figure 11.  As illustrated in Figure 11, Gnoderma sample LVRB-2 clustered with G. mbrekobenum 

with a moderately strong statistical (BPP = 0.887), thus, confirming that LVRB-2 belongs to the species 

Ganoderma mbrekobenum.   Ganoderma sample LVRB-17 clustered with G. resinaceum with a very high 

statistical support (BPP = 0.922), which was consistent with the ITS the phylogenetic analysis further confirming 

this particular mushroom sample belongs to the species G. resinaceum (Figure 10 and 11).   

The LSU phylogenetic tree generated from the Bayesian analysis further revealed Ganoderma samples LVRB-1 

and LVRB-16 formed same clade with G. enigmaticum with a moderately strong support (BPP = 0.803); consistent 

with the ITS2 Bayesian analysis which indicated Ganoderma LVRB-1 and LVRB-16 both belong to G. 

enigmaticum.  The Ganoderma sample coded LVRB-9, however, formed a sister clade with Ganoderma samples 

LVRB-1 and LVRB-16, both of which belong to the species G. enigmaticum, with a very strong support (BPP = 

1.0).  Although Ganoderma isolate LVRB-9 clustered with G. enigmaticum clade, it clustered with G. weberianum 

clade in the ITS analysis with a lower support (BPP = 0.774); revealing a conflict in the phylogeny signals between 

the LSU and ITS data sets (Figure 8 and 11).  It has been reported that the ITS region have greater sequence 

variation between closely related species and a higher rate of evolution, is thus used as a DNA barcode for fungal 

identification (Kõljalg et al., 2005; Monard et al., 2013, Schoch et al., 2012).  In the current study Ganoderma 

isolate LVRB-9 clustered with G. weberianum and G.sichuanese based on the ITS BLASTn search and the ITS 

phylogenetic analysis and therefore tentatively identified as belonging to Ganoderma weberianum-sichuanese 

species complex.  Ganoderma samples LVRB-14, similar to Ganoderma sample LVRB-1 and LVRB-16, clustered 

with G. enigmaticum with a moderate support (BPP =0.708), consistent with the observation made in the ITS2 

analysis (Figure 8).   
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Figure 11. Bayesian phylogenetic tree showing position of collected Ganoderma samples compared to LSU 

sequence data of Ganoderma in GenBank. Branch node value represent Bayesian posterior probability (BPP) 

values.   Trametes hirsuta from Germany and Russia used as outgroups.   
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4.2. LC-MS Metabolomics Study 

 

4.2.1. Metabolomic Comparison 

The metabolite constituent of mycelia biomass of the three Ganoderma samples were analyzed by LC-MS-based 

metabolomics approach to provide insight into their metabolomic similarities and differences.  LC-MS-based 

metabolomics approach was used on the assumption that similar Ganoderma mycelia biomass would display 

identical produce metabolites and show similar spectral features while different Ganoderma mycelia biomass 

would produce different metabolites and show different mass spectral features.  Total ion chromatogram (TIC) of 

the three Ganoderma mycelia biomass are preented in Figures 12 and 13.  

 

 

Figure 12. Total ion chromagram (TIC) of mycelia biomass. A: Ganoderma sample LVRB-1 (G. enigmaticum); 

B:  Ganoderma sample LVRB-17 (G. resinaceum); C: Ganoderma sample LVRB-9 (Ganoderma weberianum-

sichuanese) 
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Figure 13. An overlaid TIC presentation of mycelial biomss analyzed by LC-MS.  Color code is the same as in 

Figure 12. 

 

Cursory examination of the chromatograms in Figures 12 and 13 showed the Ganoderma mycelia biomass are 

different from each other.  The PLS-DA score plot generated is shown in Figure 14A.  As presented in Figure 14, 

the clusters of the three Ganoderma mycelia biomass were clearly separated.  The mycelia biomass clusters for 

Ganoderma samples 17 and 9 were found in left upper and left lower quadrants but mycelia biomass clusters for 

Ganoderma sample 1 were located in right upper middle and lower quadrants of the PLS-DA plot, revealing 

explicit variation among the three Ganoderma isolates.  These differences and similarities in three Ganoderma 

mycelia biomass were further captured in the heatmap representation in Figure 14B.   As illustrated in Figure 14 

A and B, the three Ganoderma mycelia biomass were markedly different in terms of metabolite composition.   
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Figure 14. Metabolomic differences between mycelia biomas analyzed. A: PLS-DA score plot and B: Heatmap 

representation of sample.  G1 and G1.1 correspond to two different Ganoderma mycelia biomass sample 1; G9 

and G9.1 represent two Ganoderma mycelia sample 9; G17 and G17.1 are two different Ganoderma mycelia 

biomass sample 17. 

 

4.2.2. Identification of Compounds 

This aspect of the study aimed at identifying triterpenoids in the three Ganoderma mycelial biomass.  Four 

tetracyclic triterpenoids were identified.  The identification was made by comparing the retention time and 

fragmentation pattern with corresponding pure compounds.  Two other lanostanoid compounds detected were 

tentatively identified due to lack of reference compounds.  Figure. 15 illustrates the chemical structure of the 

compounds detected.   

University of Ghana http://ugspace.ug.edu.gh



71 
 

 

Figure 15. Structures of triterpenoids compounds in mycelial biomass 

 

Similar to previous studies, Ganoderma mushroom extracts were analyzed in negative mode because it was found 

to be more sensitive and appropriate for detection of triterpenoids compounds.  In the study, the Ganoderma 

mycelia samples were analysed by LC-MS in the negative mode, The results showed that the common 

fragmentation pattern pertains to loss of water (H2O), carbon dioxide (CO2) and fragment rearrarangement in some 

cases.  The identification details are summarized in Table 6.   
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Table 6.  Details of triterpenoids identified. 

 

No. 

Rention 

Time in 

mins. Formula 

Calculted  

m/z [M-H]- 

Determined. 

m/z [M-H]- 

∆ part per 

minute 

(ppm) MS-MS fragmentation 

ID of 

compound Ganoderma mycelia biomss 

        A B C 

1 30.752 

C30H42O

8 529.2807 529.2810 0.5668 

511.2707, 496.2180, 67.2801, 

437.2318, 303.1602, 73.1458, 

209.3146  

ganoderic acid 

C6* Present present Absent 

2 32.232 

C32H44O

9 571.2913 571.2932 3.3258 553.3533, 529.3535, 11.3429 

ganoderenic 

acid K Present present Absent 

3 33.592 

C30H42O

7 513.2858 513.2856 0.3896 495.2752, 469.2963, 51.2858 

ganoderic acid 

AM1 Present present Absent 

4 33.607 

C30H40O

7 511.2701 511.2701 0.0000 

493.2597, 449.2700, 16.2314, 

374.1863, 329.1749, 01.1811 

ganoderenic 

acid D* Present present Absent 

5 34.596 

C30H42O

7 513.2858 513.2860 0.3896 

495.2752, 465.2677, 81.2426, 

301.1822, 211.0972, 93.0873, 

167.0714, 123.0814 

ganoderenic 

acid A* Present present Absent 

6 40.392 

C30H44O

8 531.2963 531.2964 0.1882 

513.2858, 469.2956, 01.1820, 

265.1443, 203.1444  

ganoderic acid 

G* Present present Aresent 

 

A: Ganoderma sample 1 mycelia biomass; B:  Ganoderma sample 17 mycelia biomass; C: Ganoderma sample 9 

mycelia biomsss. * Shows confirmed compounds using reference compounds.
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Compoud 1 has product ion, [M－H]- 529.2810.  The product ion was detected at 30.752 min.  The 

fragment ions have m/z values ranging from 511.2707 to 209.3146 (Table 6).  The fragmeent ion, which 

has m/z value of 511.2707, was formed by loss of one molecule of water by the product ion.  Similarly, 

the fragment ion, which has m/z value of 496.2180 corresponds to loss of two water molecules (2H2O) 

and loss of three hydrogen atom while m/z of 467.2801 represents [M－H－CO2－H2O]
－ (Figure 16).  

The fragmentation pattern was confirmed with pure reference compound (Table 6). 

 

 

Figure 16. Electron ion chromatogram (EIC) for ganoderic acid C6. 

 

Compound 2 yielded product ion, [M－H]
－

 with m/z value of 571.2932.  The fragment ions have m/z 

values ranging from 553.3533 to 511.3429 (Table 6). The fragement ion, which has m/z value of 553.3533 

was formed by loss of H2O molecule from the product ion [M－H－H2O]
－
. Subsequent loss of HCOOH 

and H2O molecule accounted for the m/z values of 529.3535 and 511.3429. Specifically, the fragment ion 
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which has m/z value of 529.3535 represents [M－H－HCOOH]
－
, whereas m/z of 511.3429 represents [M

－H－HCOOH－H2O]
－
.   Based on the above obervations and comparison of fragmentation patterns and 

retention times to reference work of Hennicke et al. (2016) Compound 2, was tentatively identified as 

Ganoderenic acid K as illustrated in Figure 17.   

 

Figure 17. Electron ion chromatogram (EIC) for ganoderenic acid K. 

 

Compound 3, which has product ion [M－H]- and m/z values of 513.2856 was detected at  33.592 min.  

It was tentatively identified as ganoderic acid AM1 (Figure 18).  The m/z values of fragment ion range 

from 495.2752 to 451.2858 (Table 6).  The fragment ion has m/z value of 495.2752 corresponds to [M－

H－H2O] – , fragment ion with m/z of 469.2963 represents [M－H－CO2]
－ while the fragment ion with 

m/z of sa451.2858 corresponds to [M－H－CO2－H2O] – (Table 6).   
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Figure 18. Electron ion chromatogram (EIC) for ganoderic acid AM1. 

 

Compounds 4, 5 and 6, unlike Compounds 2 and 3 were identified by comparing the fragmentation 

patterns and retention times with reference compounds.  Compound 4, which has product ion, [M－H]－ 

and the m/z value of the product ion is 511.2701, was identified as ganoderenic acid D.  The fragment 

ions with m/z value of 493.2597 correponds to [M－H－H2O]－ and the fragment ion with m/z of 

449.2700 repressents [M－H－CO2－H2O]－ (Figure 19). 
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Figure 19. Electron ion chromatogram (EIC) for ganoderenic acid D. 

 

Compound 5 has the product ion [M－H]－ with m/z value of 513.2860.  The fragments have m/z values 

ranging from 495.2752 to 123.0814 (Table 6).  The fragment ions with m/z value of 495.2752 corresponds 

to [M－H－H2O]－ whereas the fragment ion with  m/z value of 381.2426  represents [M－H－3CO2]
-.   

Similarly, the fragment ion with m/z of 301.1822 corresponds to [M－H－4CO2－2H2O]－(Figure 20). 
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Figure 20. Electron ion chromatogram (EIC) for ganoderenic acid A. 

 

Compound 6, which has the product ion [M－H]－ with corresponding m/z value of 531.2964 was 

detected at 40.392 min and identified as ganoderic acid G.  The fragment ions have m/z values of 

513.2858, 469.2956, 301.1820, 265.1443 and 203.1444.  The fragment ion with m/z value of 469.2956 

represents [M－H－CO2－H2O]－ while the fragment ion with m/z value of 301.1820 corresponds to [M

－H－4CO2－3H2O]－;.  Similarly, the fragment ion with m/z value of 265.1443 represents [M－H－

4CO2－5H2O]－ and the one with m/z vlue of 203.1444 repreents [M－H－5CO2－6H2O]－ (Figure 21). 
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Figure 21. Electron ion chromatogram (EIC) for ganoderic acid G. 

 

The six detected compounds were present in Ganoderma mycelia biomss of Ganoderma sample 1 and 17.   

Ganoderic acid G was the only triterpenoid successfully identified in Ganoderma sample 9 mycelia 

biomass (Table 6).   
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4.3. Biological Activity Evaluation Studies 

4.3.1. Cytotoxic Effect of Ganoderma LVRB-9 Mycelial Biomass 

The cytotoxic effect of Ganoderma LVRB-9 mycelial biomass on human prostatic tumor cell line (PC-

3), T cell lymphoma line (Jurkat) and plasmacytoid dendritic cell (pDC), in comparison with Chang liver 

cell (normal liver cell) was investigated by MTT assay.  The cultured mycelial biomass of Ganoderma 

LVRB-9 was selected because it was found to contain more abundant metabolites compared to 

Ganoderma LVRB-1 and Ganoderma LVRB-17 based on our metabolomics analysis.  The effect of 

different concentrations of the crude ethanol extract (GL-CO1) on PC-3, Jurkat and pDC, in comparison 

with Chang liver cell following 72 hours treatment is shown in Figure 22.   

 

 

 

Figure 22. Mycelia biomass crude ethanol extract (GL-CO1) cytotoxic effect on PC-3, Jurkat, pDC and 

normal Chang liver cell lines evaluated by MTT assay. 
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As shown in Figure 22, the crude ethanol extract (GL-CO1) exhibited no significant cytotoxic effect on 

the four cell lines at the concentration range of 0-500 μg/ml.  However, a marginal cytotoxic effect on 

Jurkat and pDC was observed at the concentration range of 500-1000 μg/mL but the IC50 values were 

>1000 μg/ml (Figure 22 and Table 7).  Curcumin the positive control, on the other hand, markedly 

suppressed the growth and survival of the four tested cells in a concentration dependent manner (Figure 

23).  The highest cytotoxic effect of curcumin was against pDC with IC50 value of 1.21 ± 0.09 μg/mL and 

SI = 6.71, followed by Jurkat with IC50 value of 2.35 ± 0.38 μg/mL and SI = 3.45 and PC-3 with IC50 

value of 4.29 ± 2.29 μg/mL and SI = 1.89 , respectively (Figure 23 and Table 7).  As described in (Figure 

23 and Table 7), curcumin demonstrated the lowest inhibitory effect against Chang liver (normal liver) 

cells with IC50 value of 8.12 ± 0.00μg/ml; indicating curcumin was selectively cytotoxic to pDC, Jurkat 

and PC-3 cells but non-toxic to Chang liver cell.   

 

 

Figure 23. Curcumin cytotoxic effect on Jurkat, PC-3, pDC and normal Chang liver cell lines evaluated 

by MTT assay.  
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Table 7. Mean  IC50 value and selectivitity index (SI) of fractions of ethanol extract of cultured Ganoderma LVRB-9 mycelial 

biomass on Jurkat, PC-3, pDC and Chang liver cell line. 

 

 Solvent fractions of mycelial biomass of Ganoderma LVRB-9 ethanol     extract (μg/mL) Curcumin 

positive control 

Cell line GL-C01 GL-C1 GL-C2 GL-C3 GL-C4 GL-C5 GL-C6 GL-C7 (μg/mL) 

Jurkat 
>1000 

*0.00   

  0.00 

 *0.00 

17.09±0.86 

*5.85 

48.82±5.08 

  *2.05 

>100 

   *0.00 

>100 

*0.00 

>100 

*0.00 

>100 

*0.00 

2.35± 0.37 

      * 3.45 

PC-3 
>1000 

  *0.00  

>100 

 *0.00  

27.73±5.25 

*3.60 

>100 

*0.00 

>100 

   *0.00 

>100 

*0.00 

>100 

*0.00 

>100 

*0.00 

4.29±2.29 

*1.89 

PMDC05 
>1000 

   *0.00 

>100 

 *0.00 

21.31±2.40 

*4.69 

35.69±9.65  

*2.80 

>100 

   *0.00  

>100 

*0.00 

>100 

*0.00 

>100 

   *0.00 

1.21±0.09 

*6.71 

Chang >1000 >100 75.41±1.95 >100 >100 >100 >100 >100 8.12±0.01 

 

 

Data are presented as Mean IC50 values and standard deviations by MTT assay from three independent 

experiments, performed in triplicate on Jurkat, PC-3, pDC, and Chang Liver cells.  * Denotes 

selectivitity index (SI) 

 

 

4.3.2. The cytotoxic Effect of Solvent Fractions 

The cytotoxic effect of the solvent fractions (GL-C1, GL-C2, GL-C3, GL-C4, GL-C5, GL-C6 and GL-

C7) on PC-3, Jurkat, pDC and Chang liver cells; following 72 hours treatment at 37oC was also 

investigated.  The results revealed that the fraction GL-C1 showed no cytotoxic effect on PC-3, pDC, 

Jurkat and Chang (Figure 24 and Table 7).   
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Figure 24. Mycelia biomass of Ganoderma LRVB-9 solvent fraction GL-C1 cytotoxic effect on Jurkat, 

PC-3, pDC and Chang liver cell lines evaluated by MTT assay. 

  

Nevertheless, the fraction GL-C2 (Figure 25) displayed a profound inhibitory effect on Jurkat, pDC and 

PC3 in a concentration dependent manner with IC50 value of 17.09±0.86 μg/mL and SI = 5.85), pDC with 

IC50 = 21.31±2.40 μg/mL and SI = 4.69 and PC-3 with IC50 value of 27.73±5.25 μg/mL and SI = 3.60 

compared to Chang liver cell with IC50 of 75.41±1.95 μg/mL respectively (Table 7).  Thus, the solvent 

fraction GL-C2, displayed the highest cy-totoxic effect against Jurkat followed followed by pDC and then 

PC-3.   
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Figure 25. Mycelia biomass of Ganoderma LRVB-9 solvent fraction GL-C2 inhibitory effect on Jurkat, 

PC-3, pDC and Chang liver cell lines evaluated by MTT assay. 

 

Figure 26 illustrates the cytotoxic effect of the solvent fraction GL-C3 on PC-3, Jurkat, pDC and Chang 

liver cells.  As shown in Figure 26, GL-C3 showed no significant cytotoxic effect against PC-3 and 

Chang liver cells but displayed a moderately strong cytotoxic effect against pDc with IC50 value of 

35.69±9.65 μg/ml and SI = 2.80 and Jurkat with IC50 value of 48.82±5.08 μg/mL and SI = 2.05.  Thus, 

compared to GL-C2, the cytotoxic effect of GL-C3 was generally lower than that of GL-C2 (Figure 26 

and Table 7).  
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Figure 26. Mycelia biomass of Ganoderma LRVB-9 solvent fraction GL-C3 inhibitory effect on viability 

of Jurkat, PC-3, pDC and Chang liver cell lines evaluated by MTT assay.  

 

The inhibitory effect of GL-C4 on viability of PC-3, Jurkat, pDC and Chang liver cells was also 

investigated using MTT assay (Figure 27).  As illustrated, the solvent fraction GL-C4, unlike GL-C1, 

GL-C2 and GL-C3 failed to show inhibitory effect on the viability of all the four cell lines tested.  
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Figure 27.  Mycelia biomass of Ganoderma LRVB-9 solvent fractions GL-C4 inhibitory effect on Jurkat, 

PC-3, pDC and Chang liver cell lines evaluated by MTT assay.  

 

The inhibitory effects of GL-C5, GL-C6 and GL-C7 similar to GL-C4 showed no inhibitory effect on 

all the cell lines tested.   

 

Figure 28. Mycelia biomass of Ganoderma LRVB-9 solvent fractions GL-C5 inhibitory effect on Jurkat, 

PC-3, pDC and Chang liver cell lines evaluated by MTT assay.  
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Figure 29. Cultured mycelia biomass of Ganoderma LRVB-9 solvent fractions GL-C6 inhibitory effect 

on Jurkat, PC-3, pDC and Chang liver cell lines evaluated by MTT assay.  

 

 

Figure 30. Mycelial biomass of Ganoderma LRVB-9 solvent fractions GL-C7 inhibitory effect on Jurkat, 

PC-3, pDC and Chang liver cell line evaluated by MTT assay. 
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Considering the comparatively low cytotoxic effect of GL-C2 against Chang liver cells but markedly 

profound cytotoxic effect against Jurkat, pDC, and PC-3, it was further fractionated (Figure 6) and the 

cytotoxic effect of the corresponding subfractions tested against the four cell lines.   

 

4.3.3. Cytotoxic effect of GL-C2 subfractions 

The cytotoxic effect of mycelial biomass solvent subfractions (GL-C2-C1, GL-C2-C2, GL-C2-C3, GL-

C2-C4, GL-C2-C5, GL-C2-C6, GL-C2-C7, GL-C2-C8, and GL-C2-C9) was tested against PC-3, 

Jurkat, pDC and Chang liver cells after a 72-hour treatment at various concentrations by MTT assay.   The 

results revealed the subfraction GL-C2-C1 showed no substantial cytotoxic effect on pDC, Jurkat, and 

Chang liver cells.  The subfraction GL-C2-C1, however, demonstrated a potent cytotoxic effect against 

PC-3 with IC50 value of 3.24± 0.10 μg/mL and SI = 30.86 compared to curcumin with IC50 value of 5.13± 

0.86 μg/mL and SI = 1.30 (Figure 31 and Table 8).  

 

 

Figure 31. Mycelia biomass of Ganoderma LVRB-9 sub-fractions GL-C2-C1 cytotoxic effect on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by MTT assay. 
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The subfraction GL-C2-C2, unlike GL-C2-C1, exhibited poor cytotoxic effects against all the four cell 

lines tested (Figure 32 and Table 8).  The subfraction GL-C2-C3 (Figure 33 and Table 8), similar to 

GL-C2-C2, demonstrated a low cytotoxic effect against PC-3, Jurkat, and Chang liver cells but a mildly 

cytotoxic against pDc with IC50  value of 81.11±4.98 μg/mL and SI = 1.23 (Figure 33 and Table 8).   

 

 

 

Figure 32. Mycelial biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C2 cytotoxic  effect  on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by MTT assay.  
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and SI = 1.23 (Figure 33 and Table 8).   
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Figure 33. Mycelial biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C3 cytotoxic effect on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by MTT assay. 
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IC50 value of 19.95± 0.50 μg/mL with  SI = 5.01, followed by Jurkat with IC50  value of 48.14± 1.07 μg/ml 

and SI = 2.07 and then PC-3 with IC50 = 77.39± 2.79 μg/mL and SI = 1.29.  
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Figure 34. Mycelial biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C4 cytotoxic effect on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by MTT assay.  

As illustrated in Figure 35 and Table 8, the subfraction GL-C2-C5 in a manner similar to GL-C2-C4, 

demonstrated a strong cytotoxic effect against pDC with IC50 value of 13.57 ± 2.14 μg/ml and SI = 7.37 

but a moderate cytotoxic effect against Jurkat with IC50 value of 52.83 ± 2.85 μg/mL and SI = 1.89.   As 

shown, the subfraction GL-C2-C5 had no significant cy-totoxic influence on PC-3 and Chang liver cells 

at the concentration <100 μg/mL.   

 

 

Figure 35. Mycelia biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C5 cytotoxic effect on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by mitochondrial activity using the MTT 

assay 
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The subfraction GL-C2-C6 displayed no cytotoxic effect on Chang liver cells) but a moderate cytotoxic 

effect against pDC with IC50 value of 52.83± 2.85 μg/mL and SI = 1.94 (Figure 36 and Table 8).   

 

 

 

 

Figure 36. Mycelial biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C6 inhibitory effect on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by MTT assay. 

 

The subfraction GL-C2-C7 like GL-C2-C6 showed no cytotoxic effect against Chang liver cells, Jurkat 

and PC-3 but a mild cytotoxic effect against pDC, IC50 = 88.80±4.03 μg/mL and SI =1.12 (Figure 37 and 

Table 8).  
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Figure 37.  Mycelial biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C7 inhibitory effect on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by MTT assay.  

 

The subfraction GL-C2-C8 (Figure 38 and Table 8), similarly to GL-C2-C2, displayed no inhibitory 

effect on the proliferation of all the cell lines tested in this study.   
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Figure 38. Mycelial biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C8 inhibitory effect on Jurkat 

and PC-3, pDC and normal Chang liver cell lines evaluated by MTT assay.  

 

The last subfraction GL-C2-C9 displayed no inhibitory effect on the viability of PC-3 and Jurkat and 

Chang liver cell but mildly suppressed the viability of pDC.  The last subfraction GL-C2-C9 displayed no 

cytotoxic effect against PC-3 and Jurkat and Chang liver cells but mildly suppressed the viability of pDC 

with IC50 of 46.18±1.21µg/mL and SI = 2.16 (Figure 39 and Table 6).   
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Figure 39 Mycelial biomass of Ganoderma LVRB-9 sub-fraction GL-C2-C8 inhibitory effect on Jurkat 

and PC-3, pDC and normal Chang liver cell line evaluated by MTT assay.  

 

 

Table 8. Mean IC50 values and selectivity index (SI) of sub-fractions of ethanol     extract of cultured 

Ganoderma LVRB-9 mycelial biomass on Jurkat, PC-3, and Chang liver cell lines 

 

 Sub-fractions of Ganoderma LVRB-9 mycelial biomass ethanol     extract (μg/ml) Curcumin  

Control 

Cell line GL-C2-

C1 

GL-C2-

C2 

GL-C2-C3 GL-C2-

C4 

GL-C2-

C5 

GL-C2-C6 GL-C2-C7 GL-C2-

C8 

GL-C2-C9 (μg/mL) 

Jurkat >100 

*0.00 

>100 

*0.00 

>100 

*0.00 

48.14± 

1.07 

*2.07 

52.83± 

2.85 

*1.89 

>100 

*0.00 

>100 

*0.00 

>100 

*0.00 

>100 

*0.00 

3.78±0.52 

*1.76 

P-C-3 3.24± 

0.10 

*30.86 

>100 

*0.00 

>100 

*0.00 

77.39± 

2.79 

*1.29 

>100 

*0.00 

>100 

*0.00 

>100 

*0.00 

>100 

*0.00 

>100 

*0.00 

5.13± 0.86 

*1.30 

PMDC05 >100 

*0.00 

>100 

*0.00 

81.11±4.98 

*1.23 

19.95± 

0.50 

*5.01 

13.57± 

2.14 

*7.37 

51.39±2.38 

*1.94 

88.80±4.03 

*1.12 

>100 

*0.00 

46.18±1.21 

*2.16 

3.30± 0.07 

*2.01 

Chang >100 >100 >100 >100 >100 >100 >100 >100 >100 6.65 ± 0.54 

 

Data are presented as IC50 values  and standard deviations by MTT assay from three independent 

experiments, performed in triplicate on two tumor cell lines (Jurkat and PC-3) and two other cell lines 

(plasmacytoid dendritic cell (pDC) and normal Chang liver cell.  .* Denotes selectivitity index (SI) 
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The subfraction GL-C2-C8, similar to the subfraction GL-C2-C2, failed to suppress the viability of the 

four cell lines tested.  As shown in Table 6, it was only the subfractions GL-C2-C-4 and GL-C2-C5 that 

demonstrated inhibitory effect against Jurkat with IC50   value 48.14± 1.07 μg/mL and IC50 = 52.83± 2.85 

μg/mL respectively.  Apart from these two subfractions, the remaining seven out of the nine subfractions 

displayed no inhibitory effects on Jurkat cell.  Similarly, as summarized in Table 6, it was only 

subfractions GL-C2-C1 and GL-C2-C4 that displayed inhibitory effect against the viability of PC-3 with 

IC50 = 3.24± 0.10 μg/ml and IC50 = 77.39 ± 2.79 μg/ml, respectively.  As shown the highest cytotoxic 

effect on PC-3 was displayed by the subfraction GL-C2-C1.  The IC50 value of GL-C2-C1 (= 3.24± 0.10  

μg/ml) was almost half  lower than curcumin, IC50 = 5.13± 0.86 μg/ml, indicating GL-C2-C1 has the 

ability to inhibit the viability of PC3 far more than curcumin.  It is interesting to note that the IC50 value 

of GL-C2-C1 for Chang liver cell was >100 but the IC50 value of curcumin against this normal liver cell 

was 8.12 μg/ml.  This finding suggests the subfraction GL-C2-C1 was selectively 12 times less toxic to 

the normal Chang liver cell compared to curcumin, the positive control.  Considering the markedly 

profound cytotoxic effect of the subfractions GL-C2-C1 against PC-3 and the strong cytotoxic effect of 

GL-C2-C4 and GL-C2-C5 on pDC and their low cytotoxic effects on normal Chang liver cell, it will be 

interesting to identify the bioactive compounds responsible for the growth inhibitory effects observed in 

this study.   
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Medicinal mushrooms have been recognized as remarkable therapeutic agents by humans for very long 

because of their health and nutritional benefits.  Several recent studies have shown that medicinal 

mushrooms promote immune functions, enhance cardiac health, reduce risks of cancer, help balance blood 

sugar levels, protect against pathogenic organisms, combat allergies, reduce inflammation and support 

detoxification process of the body (Smith et al., 2002; Halpern, 2007; Sanodiya et al., 2009; Xia et al, 

2014; Baby et al., 2015 and Kao et al., 2016).  Ganoderma, a polypore mushroom, which belongs to the 

family Basidiomycota, is an example of such prominent medicinal mushrooms regarded as a disease 

treating panacea (Wachtel-Galor et al., 2011).  Boh et al. (2007) reported Ganoderma mushrooms play a 

key role in modern traditional medicine in China, Japan and Korea and in some African countries 

(Kadhila-Muandingi & Chimwamurombe, 2012) and considered, therefore, as a reservoir of potential 

innovative drugs.  Despite the medicinal and nutritional importance of the Ganoderma mushrooms, 

knowledge pertaining to the molecular identity, metabolome, anticancer and biological activity of the 

species from Ghana is limited.  This study was aimed at establishing the molecular identity, through 

phylogenetic analysis, elucidating the major secondary metabolites (lanostane-type triterpenoids) and 

evaluating the cytotoxic activity of Ganoderma mushrooms collected from the riverine Lower Volta 

Basin.   

Previously, molecular phylogenetic analysis of the internal transcribed spacer 2 (ITS2) (Grajales et al. 

2007; Han et al., 2013; Wang et al., 2014; Liao, et al., 2015), complete internal transcribed spacer (ITS) 

(Zing et al., 2018; Luangharn et al., 2019; Gunnels et al., 2020) and nuclear large subunit (nLSU) 

(Luangharn et al., 2019) of the nuclear ribosomal regions were used to identify various Ganoderma 

mushrooms from different geographical regions of the world.   

Recently, Otto et al. (2016) described G. mbrekobenum, a wood-rotting fungus originally from two 

regions of Ghana (Brong Ahafo and Greater Accra) using ITS and LSU and genes and named G. 

mbrekobenum after the Ghanaian Twi word ‘mbrekoben’, which translates to reddish brown mushroom 
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(Otto et al., 2016).  A few years later, Ganoderma mbrekobenum was dentified in Nigeria (Ofodile et al., 

2022) and Raisen district of Madhya Pradesh India India from lemon tree (Parihar et al., 2021) on the 

basis of ITS BLASTN search and phylogenetic analysis.  In the present study, molecular phylogenetic 

analysis of Ganoderma mushrooms collected from the Lower Volta River Basin, West Africa by ITS2, 

ITS and nLSU showed that the isolates designated Ganoderma LVRB-2, collected from Degorme on a 

dead Acacia trunk, belongs to the species G. mbrekobenum.  Besides these two regions, this wood-rotting 

fungus has not been reported from any other part of Ghana, making this current isolation from the Volta 

River Basin a very important observation on the occurrence of G. mbrekonenum in Ghana.  Since G. 

mbrekobenum from Ghana is not well studied, there is the need to study comprehensively Ghanaian G. 

mbrekobenum species to help reveal the potential utilization in comparison with Ganoderma mushrooms 

from other geographical regions of the world.   

Coetzee et al. (2015) studies Ganoderma species, including new taxa associated with root rot of the iconic 

Jacaranda mimosifolia in Pretoria, South Africa.   Phylogenetic trees generated using DNA sequences 

obtained from the ITS and LSU regions of the ribosomal RNA operon.in this study confirmed the 

discovery of G. enigmaticum as a new species of Ganoderma sampled from Ceratonia siliqua tree.   A 

few years ago, G. enigmaticum was reported in Nigeria in using internal transcribed spacer sequences 

(ITS1 and ITS4) (Ofodile et al., 2022)   Molecular phylogenetic analysis of the ITS2 and nLSU nuclear 

ribosomal regions in this present study revealed Ganoderma samples 1, 14 and 16 belong to G. 

enigmaticum, which was first described from Pretoria Province, South Africa (Coetzee et al., 2015).  The 

second discovery was made in Sissala West District of Upper West (Otto et al., 2016) and the third from 

Nigeria (Ofodile et al., 2022).  This current isolation of G. enigmaticum from the Lower Volta River Basin 

is a very useful information and represents the second new record of G. enigmaticum in Ghana.  Han et 

al. (2013) compared the ITS and ITS2 regions and found that ITS2 was more suitable for fungal species 

identification.  The researchers attributed the superiority of ITS2 over ITS to its short length and high 
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PCR amplification efficiency.  In other study, Liao et al. (2015) reported that Ganoderma species could 

be distinguished from each other by comparing the ITS2 sequences and RNA secondary structures.  

Ganoderma resinaceum is reported in Asian traditional pharmacopoeia to be used for immunoregulation, 

hyperglycemia and liver disease (Chen et al., 2017) and in Nigeria, West Africa (Oyetayo et al., 2011).   

Náplavová et al. (2020) recently studied fungal specimens from Slovakia (Central Europe), 

morphologically identified as G. resinaceum.  The internal transcribed spacer (ITS) regions, partial 

translation elongation factor (tef1-α) region and partial 25S large subunit ribosomal RNA gene (25S LSU 

rRNA), all based on based on analysis of DNA sequences, as well as matrix-assisted laser desorption 

ionization time-of-flight mass spectrometry (MALDI–TOF MS), new method to determine relatedness of 

microorganisms based on analysis of protein profiles, were used to evaluate the genetic variability of G. 

resinaceum. The molecular data in the current study reveal new unrecognized diversity in the European 

G. resinaceum, thus suggesting much higher variability within the whole G. resinaceum group (Hong et 

al., 2004). Phylogeny based on tef1-α and LSU gene sequence comparisons indicates that the sequences 

of genotype A could be more closely related to the G. sessile sequences from isolates from USA than to 

the sequences of genotype B. However, no such grouping between G. resinaceum and G. sessile sequences 

was observed for ITS sequences and further studies are necessary to understand the true diversity within 

G. resinaceum group (Náplavová et al., 2020).  Previously, El-Fallal et al. (2015) confirmed the status of 

Ganoderma mushroom collected the North East Nile Delta, Egypt as G. resinaceum by analyzing the 

ribosomal 5.8S rRNA gene and the flanking internal transcribed spacers (ITS).  In the current study, ITS 

and nLSU molecular phylogenetic analysis revealed that Ganoderm sample LVRB-17 clusterd with G. 

resinaceum species.  The isolation of G. resinaceum in the present study represents the first molecular 

evidence of the occurrence of G. resinaceum in Ghana.  The results of the ITS2 phylogenetic and RNA 

secondary structure analyses showed Ganoderma LVRB-2 and Ganoderma LVRB-17 belong to the same 

species, suggesting ITS2 was not able to resolve the identity of Ganoderma LVRB-17 in the current study.   

This is contrary to the report of Han et al. (2013) and Liao et al. (2015) that ITS2 is suitable for 
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identification of Ganoderma species.  Recently, Badotti et al. (2017) performed a large-scale analysis of 

Basidiomycota sequences to determine the performance of the complete ITS region and sub-regions (ITS1 

and ITS2) and found that neither the complete ITS nor the sub-regions were useful in identifying 11 of 

the 113 Basidiomycota genera.  As a result, it has been suggested that nLSU should be used alongside 

ITS for identifying Ganoderma species (Hong et al., 2000; Wesselink et al., 2002).  However, other 

researchers argued strongly that ITS is the universal barcode for identifying fungi species.    

Ganoderma sichuanense, a medicinal mushroom originally described from China has been widely used 

as traditional medicine in Asia because of its potential nutritional and therapeutic values.  Thawthong et 

al. (2017) collected 8 specimens of Ganoderma species from Thailand and analysis of ITS sequence data 

confirm that the collections from Thailand belong to G. sichuanense. The authors reported this is the first 

discovery of the species in Thailand and recommended that the study of more collections of this species 

is needed to help estimate better the variability of this taxon.  Phylogenetic studies on the genus 

Ganoderma revealed that the correct name for widely cultivated Ganoderma species in China is G. 

sichuanense, and G. lingzhi is a later synonym (Zhou et al., 2023) although other earlier authors rejected 

this position and indicated that the name G. lingzhi was based on the unwarranted ITS sequence claimed 

to be of the holotype of G. sichuanense (Yao et al., 2020). As a result, some authors recently proposed 

that G. lucidum from China be renamed as G. sichuanense or G. lingzhi.  In another interesting, related 

study, phylogenetic analysis using the internal transcribed spacer region rDNA sequences of the 

Ganoderma species showed that all Korean 'G. lucidum' strains clustered with G. sichuanense and G. 

lingzhi from China but strains from Europe and North American, considered as true G. lucidum, clustered 

in a clearly different group. Based on these results, the authors proposed that the Korean cultivated strains 

of 'G. lucidum' should be renamed as G. lingzhi (Known et al., 2016).  

Recently, airborne transmission of COVID-19 has drawn immense attention to bioaerosols. As a result, 

knowledge of the microbial communities in the major hospitals dealing with COVID patients is needed 

to enable precautionary measures to be taken prevent hospital-mediated outbreak and better assess 
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occupational exposure of the healthcare workers (Habibi et al., 2022).  Recently, the baseline of the 

bacterial and fungal population of two major hospitals dealing with COVID patients in Kuwait was studied 

through targeted amplicon sequencing and the fungi recorded in the indoor air of the hospitals include 

Ganoderma scichuanese along with several other pathogens (Variovorax (9.44%), Parvibaculum (8.27%), 

Pseudonocardia (8.04%), Taonella (5.74%), Arthrospira (4.58%), Comamonas (3.84%), Methylibium 

(3.13%), Sphingobium (4.46%), Zoogloea (2.20%), and Sphingopyxis (2.56%).  The findings, therefore, 

highlight the need for regular surveillance of indoor hospital air.  Kinge et al. (2012) reported G. 

weberianum as new record from Cameroon based on analysis of the ITS nuclear ribosomal regions.  In 

the present study, molecular phylogenetic analysis of ITS nuclear ribosomal region demonstrated that 

Ganoderma LVRB-9, collected from St. Kizito campus, clustered with both G. sichuanese and G. 

weberianum, indicating this particular Ganoderma mushroom sample belongs to the species G. 

weberianum-sicuanese.  The isolation of G. weberianum-sichuanese in the present study is very important 

since it represents the first molecular evidence of the occurrence of G. weberianum-sichuanese species 

complex in Ghana. Recently, the mitochondria small subunit (mtSSU) and β-tubulin genes were used to 

distinguish fungal isolates which belong to the genera Ganodermataceae.  Malarvizhi (2014), for example, 

reported the β-tubulin gene could provide more robust phylogenetic information for separating fungal 

species than nLSU and ITS.  In this current study, mtSSU and β-tubulin were not employed in molecular 

phylogenetic analysis of the Ganoderma samples because of logistic constraints.  The two multilocus 

genes could be explored in a future study to further confirm the identity Ganoderma sample LVRB-9.   

In summary, the molecular and phylogenetic analysis in the present study revealed that the Ganoderma 

muhrooms collected in the study belong to four known species, namely Ganoderma mbrekobenum, 

Ganoderma enigmaticum, Ganoderma. weberianum-sichuanese and Ganoderma resinaceum.  The 

current study has provided important information that will be useful for future studies regarding the 

molecular evolution, biomedical implications and phytopathogenic significance of ganodema isolates in 

Ghana.   
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Since Ganoderma mushrooms are being taken orally in powder, extract, or modern pill form, there is the 

need know the composition of the compounds ingested and how they work.  There is also the need to 

evaluate how this medically important fungus response to various forms of stress in its natural 

environment.  Liquid chromatography–mass spectrometry (LC–MS)-based metabolomics has been used 

widely not only to characterize and standardize compounds in Ganoderma mushrooms but also to rapidly 

differentiate the species (Zhao et al., 2018; Satria et al., 2019). Meng et al. (2022), for example, combined 

transcriptomics and nontargeted metabolomics analysis to evaluate the effect of exogenous ethylene on 

the production of endogenous ethylene and ganoderic acid in G. lucidum. The transcriptomics and 

nontargeted metabolomics data revealed that genes involved in the tricarboxylic acid (TCA) cycle, 

polyamine metabolic pathway, acetyl-CoA carboxylase (ACC) pathway, and triterpenoid metabolism 

were up-regulated, but the metabolic intermediates involved in these metabolic pathways were down-

regulated.  This clearly indicates that ethylene can potentially accelerate normal glucose metabolism by 

increasing the number of intermediates available for downstream biological processes such as polyamine 

metabolism, ethylene synthesis pathway, and ganoderic acid biosynthesis.  In a similar study, Jiang et al. 

(2019) employed integrated proteomics and metabolomics analysis to evaluate the respobse of methyl 

jasmonate, plant hormone, on ganoderic acid biosynthesis.  The results of this study revealed that methyl 

jasmonate treatment lead to metabolic rearrangement that inhibit the normal glucose metabolism, energy 

supply, and protein synthesis of cells but promoted production secondary metabolites, including ganoderic 

acids.  This study confirmed ganoderic acid biosynthesis promoting effect and, therefore, provided the 

basis for further investigation of the molecular mechanisms of methyl jasmonate signal response and 

ganoderic acid biosynthesis.  Liu et al. (2023), on the other hand, studied the effects of fermentation on 

the metabolites of Ganoderma under different pineapple leaf residue treatments and the composition of 

the compounds produced identified using liquid chromatography coupled with tandem mass spectrometry 

(LC-MS/MS). Multivariate analyses (principal component analysis (PCA), orthogonal least squares 
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discriminant analysis (OPLS-DA), and volcano plots (VP)) of the spectra data revealed that the 

metabolites exhibit significant differences (p < 0.05) and were well clustered under various pineapple leaf 

residue treatments.  It was observed that amino acids such as histidine and lysine were upregulated, 

whereas tyrosine, valine, L-alanine, and L-asparagine were downregulated. 

The isolation and characterization of individual lanostane triterpernoids in Ganoderma is known to be 

laborious, time-consuming steps, and requires commercial reference standards which are not readily 

available in most laboratories. To address this challenge, Qi et al. (2012) developed a rapid and 

confirmatory method to identify ganoderic acids in Ganoderma mushrooms. This rapid and confirmatory 

method is easily performed by running LC–MS analysis on the tests samples and then comparing the 

retention times and mass spectra of the test sample with the reference standards of the 14 ganoderic acids 

published in their work.  This method has been adopted by some laboratories and extraction factories to 

examine the quality and quantity of the triterpene composition in incoming mushrooms, crude extracts, 

finished goods, and competitor products (Qi et al., 2012). Although this method could be a useful tool for 

researchers in future studies, its use is limited to the identification of the 14 compounds reported in their 

study.  This development, therefore, calls for other identification methods.  In this study, LC-MS 

metabolomic approach combined multivariate statistical analysis was used to to characterize and 

differentiate between the metabolites present in mycelia biomass of three Ganoderma samples collected 

from various locations along the bank of the Lower Volta River.  The generated LC-MS mass spectral of 

the chemical constituents of the mycelia biomass served as a fingerprint for characterization and 

differentiation of the three Ganoderma mushrooms.  Total ion chromatogram (TIC) revealed markedly 

significant diffrences in the metabolite profile of the three Ganoderma mycelia biomass.  The result 

further revealed that LC-MS could be used to differentiate between the three Ganoderma mushrooms 

based on their mass spectra data.  The mycelia biomass of three Ganoderma mushrooms was further 

characterized by PLS-DA technique.  The resultant score scatter plot showed that the three Ganoderma 

mycelia biomass were separated into three clear clusters; confirming that they could be could be 
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distinguished from each other based on the PLS-DA score scatter plot analysis of their spectral data This 

finding showed positive support to the current molecular phylogenetic study, which indicated that the 

three Ganoderma mycelia biomass  belong to three different species, which are Ganoderma enigmaticum, 

Ganoderma resinaceum and Ganoderma weberanium-sichuanese species.  Heat map analysis in the 

current study clarified further significantly the differences between the three Ganoderma mycelia biomass 

in terms of their metabolite constituents, suggesting they may have different biological activities.   

Previous research revealed LC-MS could be used to characterize the metabolite consituents during the 

various developmental stages of Ganoderma species.  Satria et al. (2019) studied metabolites in G. lingzhi 

at different developmental stages using ion trap-time-of-flight MS coupled with liquid chromatography 

(LC-IT-TOF-MS).  The results revealed lanostane triterpenoids were the main metabolite constituents at 

the primordial stage.  The lanostane triterpenoids detected in the study were Ganoderic acid A, Ganoderic 

acid C2, Ganoderenic acid C, Ganoderic acid K, Ganoderenic acid A, ganoderic acid H, and Ganoderenic 

acid D and several other metabolites that could not be identified.  It was observed that the level of the 

lanostane triterpenoids decreased as the mushroom matured, making the researchers in the study to 

conclude that Ganoderma matured muhroom fruit bodies are not always best for top quality Ganoderma 

muhroom product development.  Chen et al. (2012) previously observed that triterpenoid content of G. 

lucidumwas extremely low in cultured aerial mycelia but was markedly increased in the primordia and 

reduced during the fruiting body formation. The above observations suggest that harvesting time of 

Ganoderma mushroom may depend on the intended purpose of the specific product to be developed.   

Zhao et al. (2018) in an interesting HPLC, EI-MS and NMR-based metabolomic  study identified, 

ganoderenic acid A,  ganoderenic acid D, ganoderenic acid G, ganoderic acid A, ganoderic acid B, 

ganoderic acid C2, , ganoderic acid D, ganoderic acid H, ganoderic acid Y, kaemferol, genistein and 

ergosterol were identified from G. lucidiun.   
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Correct identification of cultivation sources is important for proper quality assurance but nost often, 

dependent on subjective morphological examinations.  This calls for the need to develop efficient ways 

for discriminating the cultivation sources of Ganoderma mushrooms.  Xxx collected Ganoderma samples 

from Korea and China and subjected them to NMR-based metabolomics and multivariate statistical 

analysis.  The principal component analysis in this study showed some overlaps but the orthogonal 

projections to latent structure discriminant analysis (OPLS-DA) provided clear distinction between 

samples from the two countries, indicating NMR-based approach could contribute to addressing the 

important aspect of quality control process of Ganoderma mushrooms and cane easily be applied to other 

herbal medical products (Wen et al., 2010) 

Mushroom mycelia biomass refers to a combination of mycelia and young fruiting bodies called primordia 

before the mushroom blooms.  Biochemically, mushroom mycelial biomass contains nutrients and 

bioactive compounds such as β-glucans, secondary metabolites and functional enzymes (Barros et al., 

2016).  The mycelial extracts from a Thai wild mushroom identified as Ganoderma australe were analysed 

using a liquid chromatography-tandem mass spectrometry (LC‒MS/MS) and the presence of lovastatin 

and tentative compounds including p-coumaric, nicotinamide, gamma-aminobutyric acid, choline, 

nucleosides, amino acids, and saccharides were reavealed (Wongkhieo et al., 2023).  The presence of 

lovastatin indicates Thailand's wild G. austral has the potential use as a functional food to prevent or 

alleviate hypercholesterolemia.  In this current study, a total of four lanostanoid triterpenes were identified 

in cultured mycelia biomass of three Ganoderma mushrooms from Ghana by comparing their retention 

times and fragmentation patterns with pure reference compounds.  They include ganoderenic acid A, 

ganoderenic acid D, ganoderic acid C6, and ganoderic acid G were identified.  Besides the four 

triterpenoids, ganoderic acid AM1 and ganoderenic acid K were annotated as candidate chemical 

structures by comparing their rention time nd fragmentation pattern with metabolites reported in 

previously published research.  Although several other unidentified metabolites with relatively high peaks 

were detected in Ganoderma sample LVRB-9, ganoderic acid G was the only compound suceesfully 
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identified in this particular sample, making in Ganoderma sample LVRB-9 and interesting Ganoderma 

mushroom to study further.   

The lanostanoid compounds present in the three Ganoderma mycelia biomass have been reported to be 

associated with several intriguing biological activities.  Koyama et al. (1997), for example, reported that 

Ganoderic acid C6 has antinociceptive (pain-relieving) effect.  This observation is interesting because 

most current pain-relieving drugs are known to have potential side effects, suggesting that the 

development of Ganoderma-based medication from in Ganoderma samples LVRB-1 and LVRB-17 for 

pain management may be of beneficial interest.  This may be particular true if Ganoderma samples LVRB-

1 and LVRB-17 display high therapeutic efficacy but with fewer or no side effects so that they can serve 

as a replacement for conventional analgesics such as opiates and non-steroidal anti-inflammatory drugs 

(NSAIDs).  Ganoderenic acid D, on the other hand, has been shown to have cytotoxic effect against human 

cervical, colon, and liver cancers (Ruan et al., 2014).  These observations indicated that Ganoderma 

samples LVRB-1 and LVRB-7 could be developed into new drugs for treating cervical, colon and liver 

cancers.  Ganoderenic acid K, which was an annotated compound was found in two of the Ganoderma 

mycelia is known to have inhibitory activity against HMG-CoA reductase, which is a rate-limiting enzyme 

in hepatic cholesterol synthesis (Chen et al., 2017).  Yue et al. (2010) reported Ganoderic acid AM1, the 

second annotated compound in the current study is known to have cytotoxic activity against human 

cervical carcinoma cells.  In another study, Ganoderic acid AM1, has been reported to have 

hepatoprotective activity (Liu et al., 2014).   

The genus Amanita is a well-known poisonous mushroom.  The fatal poisoning of this mushroom is 

caused by α-, β- and γ-amanitin, which have inhibitory activity against RNA polymerase II.  This 

inhibitory action blocks proteins synthesis cauing cell death.  Wu et al. (2018) mentioned that ganoderic 

acid G posess hepatoprotective effects against liver injury caused by α-amanitin (α-AMA) mice, thereby 

reducing mortality rates, suggesting the three Ganoderma mycelia biomass may have protective effects 
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against liver injury. The above observations suggest the three Ganoderma mycelia biomass may have 

anticancer, hepatoprotective, antihyperglycemic, antihyperlipidemic and anti-nociceptive effects because 

of their bioactive chemical constituents.   

Angiotensin‐converting enzyme (ACE) functions by converting the inactive peptide angiotensin I into 

active angiotensin II, increasing blood pressure through vasoconstriction.  The enzymatic action of ACE 

also promotes sodium and water retention in the body (Al Shukor et al., 2013).  Ganoderic acid G 

identified in the three Ganoderma mycelia biomas is known to inhibi ACE (Hai-Bang et al., 2015).  This 

observation is intriguing because available evidence suggests enzyme inhibitors of ACE could reduce 

cardiovascular mortality and chronic kidney disease progression.  This observation could explain the 

reason why enzyme inhibitors of ACE are being considered as a hallmark for heart failure and 

hypertension treatment of (Sanchis-Gomar et al., 2020).  Elevated plasminogen activator inhibitor-1(PAI-

1) levels are known to be implicated in cardiovascular diseases.  Henry et al (2020) reported that inhibitors 

of ACE suppress PAI-1 level and release tissue plasminogen activators (tPA); elevate bradykinin levels 

and thereby prevent blood clot formation.  In a clinicl study, use of ARB or ACEI was associated with 

lower risk of all-cause of mortality, including COVID-19 compared to without ACEI/ARB or other class 

of antihypertensive agent among patients with hypertension (Zhang et al., 2020).  Since ganoderic acid G 

and ganoderenic acid A have been demonstrated to have inhibitory effect on angiotensin-converting 

enzyme (Hai-Bang et al., 2015), the detection in these native Lower Volta Basin Ganoderma mushrooms 

suggests that they would be useful in the treatment of hypertension nd heart failure regardless of COVID-

19 and therefore worthy of investigation.  Fatmawati et al. (2010) demonstrated that ganoderic acid C2 

and ganoderenic acid A isolated the fruiting body of Ganoderma lucidumpotently inhibit human aldose 

reductase in vitro and attributed inhibitory activity to the free carboxyl group because their methyl ester 

elicits much lower inhibitory activity.   The combination of aldose reductase and ACE inhibitory activities 

of ganoderenic acid A suggests Ganoderma samples LVRB-1 and LVRB-17 may be useful as 

antihypertensive agent (Chalk et al., 2007).  The above observations suggest that the three Lower Volta 
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Basin Ganoderma mushrooms may be suitable candidates for the development of functional health 

supplements.  Wang et al. (2015) demonstrated that Ganoderma lucidum triterpenoids (GLT) at different 

doses and for different time periods suppress prostate cancer cell growth by inducing growth arrest and 

apoptosis, suggesting triterpenoids of Ganoderma mushrooms could be used as a potential therapeutic 

drug for prostate cancer. Although the triterpenoids identified in the present study have not been reported 

in literature, the total triterpenoid extracts may synergistically induce cell growth and apotoptosis against 

human prostate cancer.    

LC-MS metabolomic analysis demonstrated that the three Ganoderma mycelia biomas differ markedly 

from each other in terms of their chemical constituents as shown in the TIC, heatmap and PLS-DA score 

plot.  The results have provided the first time ever metabolomic data on the metabolites of the mycelia 

biomass Lower Volta Ganoderma mushrooms.  The main limitation of the current study is that most of 

secondary metabolites could not be identified because of lack of pure reference compounds.  This is 

especially true for Ganoderma sample LVRB-9 which contained most the unidentified metabolites with 

high masss spectral peaks.    

Recently, Geng et al. (2020) reported a broad range of bioactivities for Ganoderma mushrooms.  The 

reported bioactivities include antioxidation, anti-inflammation, anti-liver disorders, antitumor growth, and 

metastasis.  In the present study, the cytotoxic effect of extracts and fractions of mycelial biomass of 

Ganoderma LVRB-9, Ganoderma weberianum-sichuanese species complex isolated from the Lower 

Volta River Basin of Gha-na, on PC-3, Jurkat, and pDC was investigated in comparison with Chang liver 

cells.  Curcumin, a bioactive compound from the rhizomatous herbaceous plant Curcuma longa, was used 

as the positive control because of its ability to inhibit the viability of many cancer cell lines, including 

pancreatic cancer, breast cancer, colorectal cancer, and skin cancer (Kang et al., 2016).   All the four cell 

lines (PC3, pDCs, Jurkat and Chang liver) were significantly (p< 0.05) inhibited by curcumin with IC50 

values of 4.29±2.29, 1.21±0.09, 2.35±0.37 and 8.12±0.01µg/mL, respectively.  Interestingly, the viability 
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of pDCs was affected highest by curcumin, the positive control.  Since curcumin demonstrated potent cell 

viability inhibitory effect on all the four cell lines, the effect of the fractions from the mycelia biomass of 

Ganoderma sample LVRB-9 was investigated. The results revealed that fraction GL-C2 decreased the 

viability of pDC with increasing concentrations and with an IC50 value of 21.31±2.40 µg/mL.  This finding 

suggests that GL-C2 may be potential agent for modulating the viability and biological activities of pDCs 

and may be useful in treating disorders associated with pDC such as persistent virus infection (for 

example, HIV infection), autoimmune disease (for exmple, systemic lupus erythematosus), and cancer 

(for exmple, pDC-derived leukemia) as well as disorders associated with tissue accumulation of pDC (Su 

Lishan, 2015).  The results of the present study also demonstrated that GL-C2 significantly (p< 0.05) 

affected the viability of Jurkat and PC-3 with IC50 values of 17.09±0.86 and 27.73±5.25 µg/mL, 

respectively.  The suppressive activity of GL-C2 on the viability of Jurkat is in agreement with the work 

of Zhang et al. (2005) and Gill et al. (2008), which demonstrated that extracts from G. lucidumsuppressed 

the cell viability of Jurkat in both time and concentration-dependent manner.    

As a result of the suppressive activity on the viability of PC-3, pDC, and Jurkat, the fraction GL-C2 was 

further fractionated and the subfractions were tested.  The results of the current study demonstrated that 

the viability of PC-3 was strongly suppressed by subfraction GL-C2-C1 with an IC50 value of 3.24± 0.10 

µg/mL compared to that of curcumin with an IC50 value of 5.13± 0.86 µg/mL.  This finding suggests that 

GL-C2-C1 may have a stronger anticancer activity against PC-3 compared to curcumin and could be 

useful in developing Ganoderma mushroom-based products for treating human prostate carcinoma.  This 

current finding is consistent with the work of Jiang et al. (2004) which demonstrated that G.lucidumextract 

suppressed the viability of PC-3 and induced apoptosis in human prostate cancer (PC-3) cells.  In another 

similar study, four human prostate can-cer cell lines (LNCaP, 22Rv1, PC-3, and DU-145) were treated 

with G. lucidum triterpenoids (GLT) and the results showed that GLT suppresses prostate cancer cell 

growth by inducing growth arrest and apoptosis (Wang et al., 2015).  Since lanostane triterpenoids, such 

as Ganoderic acid G, were detected in the mycelial biomass of Ganoderma LVRB-9 in this present study, 
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it suggests that the bioactive compounds present in GL-C2-C1 may be similar to GLT and may explain 

GL-C2-C1 growth suppressing effect of against PC-3 in the current study.   

It has been documented that pDCs play a pivotal role in the pathogenesis of a number of disease 

conditions, which include persistent virus infection, for example HIV infection, autoimmune disease, for 

example systemic lupus erythematosus, and cancer for example pDC-derived leukemia as well as 

disorders associated with tissue accumulation of pDC (Su Lishan, 2015).  It is therefore of great 

importance to search for biological molecules that can modulate the viability of pDCs (Hirai et al., 2011).  

The results of the present study demonstrated that subfraction GL-C2-C4 decreases the vi-ability of pDC 

with increasing concentrations and with an IC50 value of 19.95± 0.50 µg/ml.  On the other hand, 

subfraction GL-C2-C5 suppressed the viability of pDC with a better IC50 value of 13.57± 2.14 µg/mL, 

indicating that GL-C2-C5 has stronger suppressive activity on the viability of pDC than GL-C2-C4.   

Several authors reported that pDCs infiltrate the inflamed lymphoid tissues, nasal allergic mucosa, 

rheumatoid arthritis synovium and skin lesions in systemic lupus erythematosus and psoriasis (Jahnsen et 

al., 2000; Rönnblom et al., 2003; Cavanagh et al., 2005) and, therefore, play an important role in the 

pathogenesis of these autoimmune diseases.  Since pDC is the highest IFN-α and β secreting cell in the 

body, the remarkable suppressive activity GL-C2-C4 and GL-C2-C5 suggest these two subfractions may 

be helpful in suppressing the ability of pDCs to produce IFN-α and β., indicating that GL-C2-C4 and GL-

C2-C5 may be instrumental in treatment of the above mentioned autoimmune or inflammatory disorders.  

In another study, Boichuk et al. (2015) reported that gut-associated pDCs in HIV patients have poor or 

low IFN-producing capacity; resulting thereby in increased expression of cytotoxic and proapoptotic 

granzyme (GZMB), which play a contributing role in gut-inflammatory disorders.  Future investigation 

on the suppressive activity of GL-C2-C4 and GL-C2-C5 in controlling such pDC mediated gut 

inflammatory disorders in HIV patients will be very interesting.    
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In conclusion, this current study demonstrated that the mycelial biomass subfraction GL-C2-C1 possesses 

anticancer activity against PC-3 carcinoma cell line and could therefore be useful in developing a prostate 

cancer medication. Another notable finding in this study is that the subfractions GL-C2-C4 and GL-C2-

C5 potently inhibited the viability of pDC, the highest IFN-α and β secreting cell in the body.  The results 

have therefore provided an interesting basis for the development of GL-C2-C4 and GL-C2-C5 as 

therapeutic agents to selectively kill dysfunctional pDCs in order to restore immune function and prevent 

cancer cell growth.  GL-C2-C4 and GL-C2-C5 may be good candidates for developing 

biopharmaceuticals for treating pDCs associated disorders where immune activation and cytokine 

production is over elevated.  The isolation and characterization of the biologically active components 

responsible for the biological activity of GL-C2-C1 in a future study could serve as a natural anticancer 

treatment for the prostate while the bioactive compounds from GL-C2-C4 and GL-C2-C5 could help 

explain the basis of their use in treating pDC associated disorders. 
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SIGNIFICANCE, LIMITATION, SUGGESTION AND CONCLUSION 
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6.1 Significance 

The results of our molecular phylogenetic study are not only consistent with earlier findings in which the 

occurrence of G. mbrekobenum and G. enigmaticum was reported but also provide the first ever molecular 

evidence of the occurrence of G. resinaceum and G. weberianum sichuanese species complex in Ghana.   

The current molecular phylogenetic study has provided important information that would be useful for 

future studies regarding the molecular evolution, biomedical implications and phytopathogenic 

significance of ganodema isolates in Ghana.  The results of current study have also provide the first ever 

metabolomic data on the chemical constituents (ganoderic acid C6, ganoderenic acid A, ganoderenic acid 

D and ganoderic acid G, together with two annotated compounds, ganoderic acids K and AM1) of the 

mycelial biomass of three Ganoderma isolates from the Lower Volta River Basin of Ghana, thus providing 

insight into their biopharmaceutical potentials and unlocking their potential nutraceutical and 

biopharmaceutical applications. The cytotoxic study findings demonstrated that specific mycelial 

fractions of Ganoderma weberianum-sichuanese species complex are selectively cytotoxic to the three 

human cancer cell lines (PC-3, Jurkat and pDC) suggesting their potential efficacy in the treatment of 

malignancies and pDC related disorders. 

 

6.2 Limitations 

The first main limitation of the current study is the sample size is small and it limited to only the Lower 

Volta River Basin of Ghana.  The second main limitation stems from the fact that the most of the secondary 

metabolites particularly the abundant ones could not be identified due to the unavailability of reference 

compound and the third limitation is that the biologically active components responsible for the observed 

biological activity couldn’t be isolated and characterized due to logistic challenges.   
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6.3 Suggestions 

Since the current study is limited to only the Lower Volta River Basin of Ghanam, there is the need to 

collect Ganoderma mushrooms from different parts of Ghana and study the phylogenetic status to help 

understand not only diversities but also potential utilization in comparison with Ganoderma mushrooms 

from other geographical regions of the world. There is also the need to identify o the annotated compounds 

in the current liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS)-

based metabolomic analysis with the aid of reference compounds.  There is also the need to isolate and 

characterize the compounds responsible for cytotoxic activity of subfractions GL-C2-C1, GL-C2-C4 and 

GL-C2-C4.  Studies on other cancer cell lines as well as animal models are worthy of investigation.  

Similarly, studies on antimalarial, antiviral and immunomodulatory activiy among others in future are 

recommended.     

 

6.4 Conclusion 

In conclusion, current finding represents the first ever molecular evidence of occurrence is G. resinaceum 

and G. weberianum-sichuanese species complex in Ghana.  The results provide the first ever metabolomic 

data on lanostane triterpenoids (Ganoderic acid G, Ganoderenic acid A, Ganoderenic acid D, Ganoderic 

acid C6, Ganoderenic acid K and Ganoderenic acid AM1) of the mycelial biomass of Ganoderma 

mushrooms from Ghana.  The fraction GL-C2-C1 may be useful candidate for developing a new 

treatment option for human prostate cancer whereas subfractions GL-C2-C4 and GL-C2-C4 would be 

useful treating pDC related disoders.   
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