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Abstract

Bioactive chemical compounds G1 and G2 were isolated, purified and identified from fruit bodies of the wood-rot polypore
fungus Ganoderma applanatum collected from Tamarix aphylla trees in southern Irag. The identification of these two
compounds by using GC-Mass and H!*NMR was confirmed. Solubility of both compounds in different solvents was tested
and the toxicity of these two compounds against human blood showed a negative result. The molecular weights of the
purified G1 and G2 compounds are 336 kd and 360 kd, respectively. The chemical formula of G1 is C,,H3,04 which belongs
to Tanin group while G2 is C,;H»50, and belongs to terpenoides group. The antimicrobial bioactivities of the purified
compounds against bacterial strains E. coli and S. aureus and against selected dermatophytic fungal isolates were tested using
a disc diffusion agar method. The minimal inhibitory concentration (MIC) was also applied. Purified G1 and G2 compounds
exhibited good bioactivities against the tested bacteria but did not show any activity against the selected dermatophytes.
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1. Introduction

The research interest to explore new antimicrobial
agents from fungi is continued. Nonetheless, previous
investigations reported that several fungal mushrooms
exhibit bioactive chemical components against pathogenic
bacteria and fungi (Jonathan and Fasidi, 2003; Anke et al.,
2004; Ketting et al., 2005; Al-Fatimi et al., 2006; Jonathan
and Awotona, 2010) . Ganoderma is a genus of polypore
fungi (Basidiomycetes) often grows on tree parks causing
white rot (Phillips 1983). Among the Ganoderma species,
G. pafeifferi showed to have an antimicrobial compound
known as Ganonycin (Mothana et al., 2000). It has been
reported that Ganoderma species was used as antitumor
and antioxidant, and in some other medicinal therapy
(Ulrike et al., 2005). G. applanatum, however, is a
distinctive species relative to the members of the genus
and it grows on parks of Tamarix aphylla trees in Southern
Iraq. According to our knowledge so far a little
information is available about the production of bioactive
secondary metabolites by this fungus. This report
elucidates interesting chemical compounds extracted,
purified and identified from fruit bodies of G. applanatum
as a bioactive agents tested against a selected isolates of
bacteria and dermatophytic fungi.

“ Corresponding author: tmuhsin2001@yahoo.com.

2. Materials and Methods

2.1. Fungal Mushroom culture

Fruit bodies of the polypore Ganoderma applanatum
were collected from the trunks of Tamarix aphylla in
southern Iraq during spring 2008. In the laboratory, small
pieces (0.5 cm long) were cut from the fruit body, surface
sterilized with 10 % Sodium hypochlorate for 3 min,
washed with sterile distilled water and placed on Malt
Extract Agar (MEA) in Petri dishes. Plates were incubated
at 25 °C for two weeks. After cultivation, the mycelium
was removed from the agar medium surface and amended
into a liquid culture medium consisted of (40 g glucose, 10
g malt extract, 4 g yeast extract in 1L distilled water).
Then the mycelium culture was transferred into a
fermentation medium in 1L volume conical flasks as
described by Anke et al. (2004) and incubated at 25 ‘C on
a rotary shaker for 3 weeks.

2.2. Extraction, isolation and purification

The fungal culture was filtered on Whatman No. 1
filter paper, the pH was adjusted at 3 using 2N HCI. The
filtrate was extracted three times with ethyl acetate (1:1
vol) using a separating funnel. The organic layer was
collected and dehydrated with Na,SO, then placed in Petri
dishes and dried at room temperature.  Thin layer
chromatography (TLC) was applied for the isolation of the
extracted metabolites using Silica gel of 2x 10 cm (Silica
gel GF243, Merck, Germany) and Rf values were
measured. Purification of the extracted compounds was
made on silica gel column chromatography (Silica gel G-
60, Merck, Germany). A further purification of fraction
compounds was made by a column chromatography
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method (Fig.1). The purity of compounds was verified
according to the described method (Zure, 2001). The

identification of the purified compounds was made by
using GC-mass and HNMR techniques.
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Figure 1. Steps of extraction and purification of bioactive compounds G1 and G2 from G. applanatum.

2.3. Bioactivity Test

Discs diffusion agar method (Casals, 1979) was used
to examine the antimicrobial activity of the purified
compounds. Two strains of bacteria; Escherichia coli
(ATCC 25922) and Staphylococcus aureus (ATCC 25923)
were used for this purpose. 2.5 mg of the dried fungal
extract was dissolved in 1 ml of dimethyl sulfuoxide
(DMSO) solvent used as stock solution for this test. Discs
of 0.6 mm diameter Whatman Nol filter paper were
sterilized and soaked in the fungal extract and placed on
plates containing Muller-Hinton Agar (MHA) medium
inoculated with 0.1 ml suspension of bacterial strains by
streaking method. Similarly, the antifungal bioactivity of
these compounds was also tested against three isolates of
dermatophytic fungi (Microsporum canis, M. gypseum and
Trichophyton mentagrophytes) using Sabouraud dextrose
agar (SDA) medium. Bacterial cultures were incubated at
37°C and dermatophytic cultures were incubated at 27°C.
Fungal cultures were obtained from the Basrah General
Hospital, Dermatology section.

2.4. The minimum inhibitory concentration (MIC) test

The MIC values were determined by the standard
serial dilution assay (McGinnis, 1980) using serial
dilutions of the fungal extract (100, 50, 25, 12, 6.5, 3.13,
1.56, 0.78, 0.39, 0.2, 0.1, 0.05, 0.025 pg/L). The MIC
values in this assay were indicated by the absence of
bacterial or fungal growth at the minimal concentration of
the compound. Emmons Sabourauds dextrose broth
(ESDB) medium was used for this test.

2.5. Cytotoxic test

Cytotoxicity of the purified compounds was examined
by using human RBC following a previously described
method (Xian-guo and Ursula, 1994).

2.6. Solubility test

The solubility of the bioactive compounds in various
solvents (ethyl acetate, ethanol, methanol, chloroform,
hexane, DMSO and water) was carried out.

2.7. 2.7 Identification of bioactive compounds

Ultra violet (UV) spectrum (LKB-Sweeden UV),
Infra-red spectrum (IR) (Pye-Unicam sp 3-3005 UK), Gas
chromatography Mass (GC) and H'NMR methods were
applied for the identification and determination of the
molecular weights, chemical formula and structure of the
purified bioactive compounds. .

3. Results

Fungal extract showed two spots on TLC referred as
G1 and G2 with Rf values of 0.70 and 0.50, respectively.
Solubility test of G1 and G2 indicated that both
components are insoluble in the water but they are soluble
or partially soluble in most of the other examined solvents
(Table 1).
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Table 1. Solubility test of purified compounds G1 and G2 in various solvents
Ultra violet (UV) spectra showed that the absorbency value of G1 compound was about three fold higher than G2

Purified Ethyl Methanol Ethanol Chloroform Hexane Water DMSO
component  acetate
Gl Soluble Partially Soluble Soluble Partially Non- Soluble
soluble soluble soluble
Partially Soluble Soluble Soluble Partially Non- Soluble
G2 soluble soluble soluble

compound (Fig. 2).
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Figure 2. Absorbency of purified compounds (G1 and G2) from G. applanatum.

Both G1 and G2 components did not show any toxicity by using human RBC test. IR spectrum revealed that G1 and G2
composed of various functional molecules structure (Table 2).

Table 2. Infra Red spectra showed the absorbency bands of different chemical functional groups composed the purified G1 and G2
components from G. applanatum

Functional Gl G2
groups
N-H, 3431 3400
O-H
Weak band Strong band
CH,CH2 2890-2929 2900-2950-
,CH
Strong band Weak band
C=0 1735 1650
Strong band Strong band
c=C 1620 1400
Very strong band Weak band
C-O 1220 1260
Very strong band Weak band

Each of the purified compound exhibited different spectra bands representing different chemical functional groups (Fig.
3).
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Figure 3. Infra Red spectra of the purified G1 and G2 compounds from G. applanatum

Based on GC- Mass and H! NMR methods, apparently that the molecular formula of G1 compound is C,oH3,04 (Fig. 4)
and its chemical structure is: [(19,19a-dihydroxy-2-methyl-2,3,4,5,6,7,8,9,10,11,12,13,14,15 tetradecahydrobenzo[b] [1]
oxacycloheptadecin-17(19aH) with a molecular weight 334 Kd. This indicated that G1 compound is more related to Tanin
group by comparing its spectroscopic data with available literature (Al-Fatimi et al., 2006; Mothana et al., 2000) (Fig. 5).
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Figure 4. H'NMR spectra of the purified compound G1 from G.applanatum
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Figure 5. Chemical structure of G1 compound isolated from G. applanatum.

While G2 chemical formula is C,;H,30, (Fig. 6) with a molecular weight 360 kd. Its chemical structure is: [(2-(2-(2,5-

209

dihydroxyphenyl) ethylidene)- 11-hydroxy-6,10-dimethylundeca-5,9-dienoic acid and its belongs to Terpenoides group (Fig.

7).
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Figure 6. H'NMR Spectra of the purified compound G2 from G. applanatum
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Figure 7. Chemical structure of G2 compound isolated from G. applanatum

Both G1 and G2 components did not show any toxicity by
using human RBC test. The MIC value of the bioactive
compounds G1 and G2 was 6.25 pg/L for both E. coli and S.
aureus. While the two compounds were not active against the
selected dermatophytic fungal isolates as they did not show a
growth inhibition at any of the concentrations used. A clear zone

inhibition of 23 mm diameter was observed for the crude extract
against both bacterial strains E. coli and S. aureus. The inhibition
zones diameters, however, exhibited by the purified G1 and G2
compounds were higher reaching to 26 mm and 29 mm for E. coli
and S. aureus, respectively (Fig. 8).
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Figure 8. Inhibition zones by the purified G1 and G2 compounds against. E. coli (A) and S. aureus (B).

4. Discussion

Fungi in general and mushrooms in particular are a
good source for antimicrobial products (Janes et al., 2007).
A few reports on the bioactive secondary metabolites of G.
applanatum are available. This basidiomycetes species is
not a rare polypore fungus living on trunks of some trees
over the world (Phillips, 1983) and in southern Iraq,
however, no phytochemical investigation so far has been
carried out on mushrooms in this region. Our present study
revealed that purified extract of G. applanatum exhibited
an inhibitory action against both E. coli and S. aureus.
These findings are in concomitant with the previous study
(Roberts, 2004) who reported that G. applanatum produces
steroides compounds which are active against G-negative
and G-positive bacteria. The purified G1 compound is
more likely to be chemically related to tannin group while
G2 compound is more related to terpenoides group based
upon their chemical structural verification by using
HNMR and GC-mass spectra and agreed with the previous
studies (Al-Fatimi et al., 2006; Mothana et al., 2000). It
has been stated that ascomycetes and basidiomycetes fungi
often produce terpenoides compounds (Anke, 1989). The
bioactivity of G1 and G2 against the test bacteria can be
attributed to the presence of tannin and terpenoide
compounds. Also various chemical compounds have been
screened in some species of Ganoderma (Bojana et al.,
2000). Apparently, the purified G1 and G2 compounds are
not effective against the tested dermatophytic fungal
isolates since no growth inhibition was observed. These
results support the earlier findings (Roberts, 2004;
Samania et al., 2001). Although, Smala et al. (2003) stated
that G. annulare produces applanoxidic acid compound
which showed a weak activity against the dermatophyte T.
mentagrophyes. The antibacterial activity of the purified
compounds in this study was significantly increased
compared with the activity of crude extract. A similar
results were reported for some other mushrooms extract
(Jonathan and Fasidi, 2003; Jonathan et al., 2008; Olawuyi
et al., 2010). Seemingly, the isolated G1 and G2

compounds from G. applanatum are a good bioactive
agents and promising to be used as an antibacterial.
Nevertheless, there is still more fungi need to be examined
for their potentiality against bacteria and pathogenic fungi.
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