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Abstract

Ganoderma is well-known medicinal species
of mushroom that has been used for many years in the
treatment of different diseases which include migraine,
headache, hypertension, arthritis, bronchitis, asthma,
anorexia, gastritis, haemorrhoids, hypercholesterolemia,
nephritis, dysmenorrhea, constipation, hepatitis,
leukopenia and cardiovascular disorders. In present
study, wild species Ganoderma mbrekobenum was
collected from agroclimatic zone of Vindhya plateau
(Raisen 23° 2' 12" N and 78° 5’ 3" E), Madhya Pradesh,
India in single and same host plant (lemon tree). On
the basis of ITS Gene, BLASTN and phylogenetic
analysis, the three collected samples were identified
as Ganoderma mbrekobenum (MK940286), G.
mbrekobenum (KY865253) and G. mbrekobenum
(MK940290).

Further, in background of the therapeutic values
of Ganoderma, estimation of bioactive compounds
was performed by using LC-MS technique on hot
water ethanolic extract of one of the identified species,
G. mbrekobenum (MK940286) at IIT, Mumbai. This
species has shown to be a source of important
bioactive compounds such as Olmesartan Medoxomil,
Benazeprilat, Isopropamide, Ganodermic acid A,
Ramipri Glucuronide, Desmethyldoxepine, Oleamide,
Phorbol myristate acetate and Cepharanthine which
are in common medicinal use as a remedy for several
chronic diseases. Collectively, the study indicates that
the extracted compounds from G. mbrekobenum could
be a promising molecular mortar for further exploration
as an anti-tumour and anti- inflammatory agent.

Key words: Ganoderma, G. mbrekobenum, bioactive
compounds, anti-tumour, anti- inflammatory.

Introduction

Mushroom being the ultimate health food,
proved by several recent experimental studies records
its medicinal attributes. In the recent scenario, a variety
of medicinal preparations of mushrooms in the form of
tablets, capsules and extracts have been produced and
marketed. Ganoderma is a white rot popular medicinal
mushroom that has been used in traditional Chinese

medicine for centuries. It has been consumed for its
broad medicinal properties in various countries of
Asia like China, Korea, Japan, Taiwan, Malaysia, and
Vietnam for over centuries (Klupp et al. 2015) Practice
of consumption of Ganoderma was frequent to increase
the immunity and as antitumor, antimicrobial, anti-
inflammatory, antioxidant and acetylcholinesterase
inhibitory activity. Ganoderma is also a constituent
of several cosmetics produced especially in China,
Korea, USA and some other Asian and European
countries, and in many places for skin lightening (Jiang
2015). In the contemporary world, it has approximated
current global trade of nearly 2 billion dollars involving
its considerably large trade share in India (Rai 2008).
The global production of Ganoderma mushroom was
about 4900-5000 tons in 2002, of which 3800 tons were
produced in China. India contributes very least quantity
of Ganoderma production and imports this from Malaysia
and China.

The genus Ganoderma, belongs to
Ganodermataceae family, is a group of higher macro
fungi widely growing in tropical and temperate regions.
Ganoderma mushroom is a natural gift to mankind, as
countless merits are found in the content metabolic
compounds. The bioactive metabolites of Ganoderma are
used to cure several diseases such as cancer, diabetes,
heart disease, liver ailments, kidney dysfunction and
AIDS. About 300 species of Ganoderma have been
described so far, but among them only fifty species have
been studied and identified on the molecular basis, ITS
sequences, and the other are synonymous of each other
(Wachtel-Galor et al. 2011, Furtado 1965). However, in
pace of time, the environmental factors have greatly
influenced the genomic structure of Ganoderma and led
to the development of the new species of Ganoderma.
New species of Ganoderma are reported to possess
certain new useful bioactive compounds (Hapuarachchi
2018).

A few vyears ago, G. mbrekobenum was
discovered in Ghana (South Africa) and named on the
Ghanaian word Twi, ‘mbrekoben’ denoted for reddish
brown mushroom (Otto et al. 2015). G. mbrekobenum,
looks similar to the Ganoderma lucidum and identified
as separate entity as G. mbrekobenum on the basis of
ITS and LSU gene studies (Otto et al. 2016). We have

Ganoderma mbrekobenum: A pharmacologically Important Mushroom Naturally Growing in Raisen, India



Current Trends in Biotechnology and Pharmacy

384

Vol. 15 (4) 383 - 389, October 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2021.4.39

collected the similar wild species from Raisen district of
Madhya Pradesh India. In present study, morphological
identification and molecular characterization were carried
out in order to identify the species followed by detection
of bioactive compounds.

Materials and Methods
Sample collection and Processing

Samples were collected from root and stem
portions of the selective lemon tree grown in Vindhya
plateau (Raisen 23° 2' 12" N and 78° 5' 3" E), Madhya
Pradesh India in September 2016 and October 2017.
The collected samples were brought to laboratory and
debris were removed followed by processing for pure
culture isolation. In the process, a fresh Ganoderma
fruiting body was cut into small pieces and surface
sterilized using 1% HgCl, then placed on the surface of
malt extract agar plates and potato dextrose agar plates,
with the help of sterilized forceps and incubated at 28°C
for 5 days. After observing the mycelial growth around
the fruiting tissue, pure mycelium was transferred on
fresh MEA and PDA plates.

Morphological Identification

The samples were identified morphologically by
following standard literature (Alexopoulos et al. 1995)
based on fruiting body’s colour, size, stem colour and
size, spores and spore print.

Molecular characterization

Isolation of mycelium DNA was done by following
CTAB (Cetyl Trimethyl Ammonium Bromide) method.
The mycelial mat grown on Potato Dextrose Broth
(PDB) at 25°C for 10 days was harvested on sterilized
filter paper. The mycelium was frozen, dried using liquid
nitrogen, and ground with the help of mortal and pistol
to make it powder. The ground material was processed
for DNA isolation according to modified CTAB method as
described in an earlier study (Oyetayo and Yao 2010).

Isolated DNA was quantified using agarose
gel electrophoresis and stored in deep freezer in TE
buffer for future use. Further ITS gene of isolated DNA
was amplified using PCR (polymerase chain Reaction)
in thermal Cycler machine (BIORAD) by using ITS -1
and ITS-4 universal Primer, 10X PCR Buffer, 25mM of
MgCl,, 2mM dNTPs and Taq polymerase, MQ water
and Isolated Genomic DNA. PCR reaction was carried
under the following circumstances: 35 cycles having
denaturation at 94°C for 30 sec, annealing at 55°C for 30
sec, extension at 72°C for 1 min. The amplified products
were purified using gel purification kit (Promega, US) and
separated in 1.2% agarose gel by gel electrophoresis
method, gel was observed under the UV light in Gel
Documented System (BIORAD) to obtain DNA band in
gel with the help of transilluminator. The DNA band gel
cube was cut and collected in the minicentrifuge tube.

Extraction of the fragment DNA was carried out following
the protocol as described in the Wizard SV Gel and PCR
Clean-Up System Promega USA.

Isolated and amplified ITS genes were sent
for gene sequencing to Xcelris-Ahmedabad and Bio
innovations-Mumbai. The obtained sequences were
submitted to NCBI GeneBank for accession number.
The data were analysed using NCBI BLAST (Altschul
et al. 1990) to match the best similarities with other
related ITSs on database. The similar ITS sequences
were obtained from NCBI GenBank and aligned using
CLUSTAL W (Thompson et al. 1994). Evolutionary
analyses were conducted in MEGA7 (Kumar et al.
2018) inferred by using the Maximum Likelihood method
and Kimura 2-parameter model (Kimura 1980). The
bootstrap consensus tree inferred from 1000 replicates
is taken to represent the evolutionary history of the taxa
analysed (Felsenstein 1985).

Extraction of bioactive compounds

The mature fruiting body of Ganoderma mbrekobenum
MK94029 were dried and ground to powder with the
help of heavy-duty grinder. About 100 gm of powder was
dissolved in 300 ml of distilled water and incubated at
80 °C on water bath for 8 hours, thereafter, extract was
filtered in a separate beaker and 200 ml of 95% ethanol
was added to it and incubated at 4°C in refrigerator for
5 days. After five days, precipitate was found settled in
the bottom of the beaker and the extract was centrifuged
at 3000 rpm for 10 min, and dried in rotary vacuum
evaporator to obtain concentrated crude sample.

Estimation of bioactive compounds by HRLCMS

The ethanolic extract of Ganoderma
mbrekobenum MK94029 (10mg) was sent to Indian
Institute of Technology (IIT) Bombay for the identification
of produced bioactive compounds. It was performed
by an Agilent LCMS TOF/Q TOQ Mass -spectrometer
(MSQ-TOF-G6550A) binary pump (64220B). The
chromatographic separation was performed using an
hypersil gold 3micron 100 x 2.1 MM used as a stationary
phase at 40°C as temperature. The mobile phase
consisted of acetonitrile, water with formic Acid (90%
ACN +10% H20+ 0.1% FA) (solvent B) and water with
formic Acid as solvent A (0.1% FAin water). The flow rate
was kept 0.300 mL/min. The gradient elution started with
95% A/5% B 0-2 min,0%A 100% B -20 min, 0% A/100%
B 20-25 min, 95% A/5% B 25-26 min,95%A/5%B26-
30min. Photodiode array detector was set at 350 nm
for acquiring chromatograms. The injection volume was
3.00 uL and peaks were monitored at 250 nm. Mass
spectra data were recorded on an ionization mode for a
mass range of m/z 163-1000. Other mass spectrometer
conditions were as follows: nebulizing gas pressure: 35
psi; drying gas flow: 1L/min; drying gas temperature:
250 °C. Scan Source Parameters value, VCap-3500,
Nozzle voltage-1000, Fragmentor-175, Skimmer-65 and
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octopole RF peak-750.
Results and Discussion
Morphological Identification

The three collected Ganoderma samples were
identified on the basis of macroscopic and microscopic
studies. All the isolates were found to bear brownish,
red colour (size-20cm-25cm) of fruiting body having red
brown stem colour and spore print (Figure 1A) On pure
culture characterization of Ganoderma isolates on MEA
plate, cottony brownish white coloured culture appeared
and after few days some fruiting body like structure was
observed on culture plate (Figure 1B). The spores were
ellipsoidal to oval thin walled reddish brown in colour
(Figure 1C). Morphologically it seems very much similar
to Ganoderma lucidum but Pegler and Yao (1996) noted
that a wild species of Ganoderma isolated from different
places were different from G. lucidum by molecular
systematic studies.

I Ve : X

B C

Figure 1: Collected sample of G. mbrekobenum fruiting
body (A), mycelial growth of G. mbrekobenum on
culture plate of MEA (B), microscopic structure of G.
mbrekobenum spores (C).

Molecular
analysis

identification and Phylogenetic tree

Molecular characterization is a useful and reliable
step in the proper identification of pharmacologically
important Ganoderma species. After DNA isolation and
amplification of ITS 5.8s rDNA through PCR technique by
using universal ITS-Gene (ITS-1/ITS-4) primers, 650 bp
amplicon was obtained for all the three samples (Figure

2). The amplified product was sequenced and submitted
to NCBI gene bank and received the accession no.
MK940287, KY865253 and MK940290.

Forphylogenetic analysis, total 23 representative
homologous sequences of ITS rDNA above 97%
similarity were selected for cluster analysis. The results
of the ITS gene sequence obtained from NCBI GenBank
BLAST search revealed that the percentage relationship
of isolated Ganoderma species is 99% sequence
identity with several other Ganoderma mbrekobenum
species (KX000898; NR147647) and 98% identical with
MH221092;1KM229613; KM229610; MK453307). None
of the ITS sequences of Ganoderma species were 100%
homologous with ITS of collected Ganoderma samples
from NCBI GenBank (Figure 3).

Ganoderma mbrekobenum species sequences
from Raisen region formed two different clades in the
phylogenetic tree. G. Mbrekobenum MK940290 and
G. Mbrekobenum MK940287 form a clade while G.
mbrekobenum KY865253 form another clade. This
indicates that these three isolated G. mbrekobenum
species are not from the same ancestral stock with
Ganoderma species sequences that are in NCBI
GenBank. This species of Ganoderma was isolated first
time from Ghana by Otto et al (2016) from roots and
trunks of angiosperm trees in Ghana. These species
were 99.22% similar. Similar isolate of Ganoderma

species (KM229612) from Ficus benghalensis was
found in Pune, Maharashtra (India) that showed 98.9%
similarity with G. mbrekobenum KY865253 being the
major strain of the species in our study. NCBI accession
no. MK453307 of G. mbrekobenum from Guangzhou,
China was found 98.80% similar with our major strain G.
mbrekobenum KY865253.

Figure 2: PCR Amplified ITS gene of three samples of
G. mbrekobenum.
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% NR 147647 1 Ganoderma mbrekobenum
JE KX000896.1 Ganoderma mbrekobenum
2 KT210090.1 Ganoderma applanatum

MK453307 1 Ganoderma mbrekobenum
KP794597_1 Ganoderma applanatum

/4 KYBB5253.1 Ganoderma mbrekobenum
KP794598.1 Ganoderma tsugae
KJ146707.1 Ganoderma tsugae

/A MK940290.1 Ganoderma mbrekobenum
MH221092.1 Ganoderma mbrekabenum

/A MK940287 1 Ganoderma mbrekobenum
JX840346.1 Ganoderma cupreum
KP943501.1 Ganoderma carosum
KIM229612.1 Ganoderma sp

LN774971.1 Ganoderma sp

MN173820.1 Ganoderma applanatum

5 AB763348 1 Ganoderma camosum
E LC0846686.1 Ganoderma australe

% LC084689.1 Ganoderma australe
Figure 3: Phylogenetic relationships of collected and
characterized G. Mbrekobenum by ITS sequences
inferred by Maximum Likelihood method: bootstrap
method with 1000 replicates analysis. Sequences used
for this comparison were obtained under the following

GenBank accession numbers: MK940287; KY865253;
MK940290.

3
98

Estimation of Bioactive Compound

The LC-MS study of Ganoderma mbrekobenum
MK940287 extract indicated the presence of several
bioactive compounds. A total of 67 compounds were
identified with different retention time. The chromatogram
or the mass spectra (Figure 4) was analysed by using
the database of Indian Institute of Technology Bombay
(IITB). On the basis of LC-MS data the compounds
Ganoderic acid A, Ganoderic acid C1, Ganoderic acid
S, Ganoderiol F, Ganodermanondiol were found in our
samples were also shown to exist in other Ganoderma
species (Ma et al. 2011)

but the others compound that were found in our
sample such as Olmesartan Medoxomil, Benazeprilat,
Isopropamide, Ramipri Glucuronide, Desmethyldoxepine,
Oleamide, Phorbol myristate acetate and Cepharanthine
were not reported previously in Ganoderma. The zoomed
spectra of these compounds are shown in figure 5.
These compounds play very important role in remedies
of various disorders that involve blood pressure, kidney
dysfunction, cardiac disorder, cancer diseases, immune
defence mechanism, antineoplastic, diabetes etc.
(Table1). Obodai et al (2017) have reported chemical
characterization and antioxidant potential of twelve
wild strains of Ganoderma sp. from Ghana. Sharma et
al (2019) have also reported G. lucidum as rich source
of polysaccharides, alkaloids, and ganoderic acid. They
also proposed the cellular mechanisms to elucidate the
mode of action as anticancer, antiviral, antioxidant and in
treatment of liver and other diseases. But no study has
yet been reported the extraction and characterization of
bioactive compounds of G. mbrekobenum.
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Figure 3: LC-MS chromatogram of G. mbrekobenum

MK940286 extract for bioactive compounds.
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Figure 4: Zoomed spectrum and details of some important compounds, A- Desmethyldoxepine , B-Ganoderic acid
S, C-Olmesartan Medoxomil, D- Benazepril, E- Isopropamide, F-Ganoderic acid C1,G-Ganoderic acid A,H- Phorbol
myristate acetat, I- Ganoderiol F, J- Oleamide, K-Ganodermanondiol, L- Ramipril Glucuronide, M-Cepharanthine.

Table -1 Bioactive compounds of Ganoderma mbrekobenum and its biological activity

SNo. [RT M/Z Bioactive Compound Activity Reference(s)
1. 0.86 266.15 | Desmethyldoxepine- It’s used in Treatment of mild | Kirchheiner (2005)
depression, Antidepressive
Agents,
2. 6.474 4533342 | Ganoderic Acid S It is compound showed, Im- Radwan et al. (2013)
mune Restoration Effects, and
anticancer active.
3 7.143 581.20 | Olmesartan It’s used as medicine in high Brenner et al. (2001), Blankfield
Medoxomil blood pressure, heart failure (2002), Bergmann et al. (2001),
diabetic and kidney related Puchler et al. (2001)
disease.

RT= Retention Time, M/Z = Mass/ Charge
Conclusion

The differences in environmental factors with
pace of time result in the change in genetic makeup of

Ganoderma species that can consecutively affect the
health promoting properties of these wild Ganoderma.
On the basis of ITS gene sequence, all three isolated
samples were identified as a wild species of Ganoderma
mbrekobenum. This is the first report for collection and
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identification of wild Ganoderma mbrekobenum species
collected from root and stem region of lemon tree
agroclimatic zone of Vindhya plateau (Raisen 23° 2' 12"
N and 78° 5' 3" E), Madhya Pradesh, India.

On the LCMS analysis of extracts of
G. mbrekobenum, several pharmacologically
important bioactive compounds were obtained.
Some compound such as Olmesartan Medoxomil,
Benazeprilat, Isopropamide, Ramipri Glucuronide,
Desmethyldoxepine, Oleamide, Phorbol myristate
acetate and Cepharanthine were not reported previously
in Ganoderma. Most of these compounds are reported
for the treatment of cardiovascular ailments, mainly high
blood pressure, heart failure, renal disorders and also
against diabetes. This important and untapped species
of Ganoderma has great potential as antitumor and anti-
inflammatory drugs. Further studies may unfold certain
other characteristics features of this species which would
be useful in treatment of many other health conditions.
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