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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 1TS2 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).
Naplavova 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-a) 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 tefl-o.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 (Naplavova 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



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 1TS2) 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 [-tubulin genes were used to
distinguish fungal isolates which belong to the genera Ganodermataceae. Malarvizhi (2014), for example,
reported the B-tubulin gene could provide more robust phylogenetic information for separating fungal
species than nLSU and ITS. In this current study, mtSSU and B-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 myecelia 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 B-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 LVVRB-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 a-, B- and y-amanitin, which have inhibitory activity against RNA polymerase Il. 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 a-amanitin (a-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 | into
active angiotensin Il, 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 etal (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 ICsg

values of 4.29+2.29, 1.21+0.09, 2.35+£0.37 and 8.12+0.01ug/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 ICsp value of 21.31+2.40 pg/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 ICso values of 17.09+0.86 and 27.73+5.25 pg/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 1Cso value of 3.24+ 0.10
pg/mL compared to that of curcumin with an IC50 value of 5.13+ 0.86 pg/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 LVVRB-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 1Cso value of 19.95+ 0.50 pg/ml. On the other hand,
subfraction GL-C2-C5 suppressed the viability of pDC with a better ICso value of 13.57+ 2.14 pg/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 Iymphoid tissues, nasal allergic mucosa,
rheumatoid arthritis synovium and skin lesions in systemic lupus erythematosus and psoriasis (Jahnsen et
al., 2000; Ronnblom 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-o and B 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-a and ., 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-a and 3 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-CL1 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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CHAPTER 6

SIGNIFI
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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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