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APPENDIX A

1.2

—@— Staphylococcus aureus

—@— Streptococcus pyogenes
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aureus (MRSA)
Pseudomonas aeruginosa

—@— Klebsiella pneumoniae

—@— Escherichia coli

0 1 Z 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17

Time (Hour)

Figure A: Growth log phase determination for the six bacterial sampes. Optical
density (OD) reading at 600nm wavelength was recorded for every two hours until
the reading reach stagnant value. Nutrient broth without bacterial suspension served
as negative control and blank. ODego reading was plotted against time to construct
bacterial growth curve. OD reading on the steepest curve were taken as the
bacterial growth-log phase point.
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APPENDIX B
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Figure B: Single factor experiment to identified effective range of incubation
temperatures (°C) and acidity (pH). A) Effect of different temperatures on G,
boninense dry mycelial biomass yield (g). B) Effect of different temperatures on G.
boninense growth rate (mm/day). C) Effect of different pH on G. boninense dry

mycelial biomass vyield (g). D) Effect of different pH on G. boninense growth rate
(mm/day).
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APPENDIX C
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APPENDIX D

Table D: Relative Luminescence activity of
bacterial pathogens treated with Ergosterol and
Ganoboninketal based on relative luminescence
unit (RLU) obtained from luminometric bioassay.

Bacterial Samples RLU
(treatment)

Ergosterol

S. aureus ATCC 25923 115872.96
S. pyogenes ATCC 19615 136578.552
Methicillin Resistant S. aureus 130488.672
(MRSA) NCTC 11939

P. aeruginosa ATCC 9027 784541.784
K. pneumoniae ATCC 1705 1018393.176
E. coli ATCC 35218 380173.752
IPA (positive control) 106129.152

10% DMSO (negative control)

121733212.5

Ganoboninketal

S. aureus ATCC 25923
S. pyogenes ATCC 19615

Methicillin Resistant S. aureus
(MRSA) NCTC 11939

P. aeruginosa ATCC 9027
K. pneumoniae ATCC 1705

E. coli ATCC 35218
IPA (positive control)

10% DMSO (negative control)

118308.912
141450.456
142668.432

801593.448
1106087.448
459342.192
131706.648
121842830.4
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APPENDIX E

5mg/kg
3 animals

50mg/kg
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300mg/kg
3 animals

2000mg/kg
3 animals
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Figure E: Test procedure starting at 5mg/kg (with limit test dose of 5000mg/kg)
according to Organisation for Economic Co-operation and Development (OECD)
Guidelines for the Testing of Chemicals, Section 4 (Annex. 2a).
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APPENDIX F

1.2
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12
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Figure F: Correlation curves between Colony Forming Unit (CFU) per mL (CFU/mL)
of the six bacterial samples (Log transformed) and the absorbance (OD) reading at
600nm.
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2. Syahriel Abdullah, Arnnyitte Alexander, Chong Khim Phin. 2016. Early Detection
and Management of Ganoderma Basal Stem Rot Disease: A Special Report from
Sabah. Transactions on Science and Technology. 3(3): 517-523.

Proceeding
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Ganoderma boninense Growth using Response Surface Methodology (RSM).
International Conference on Science and Natural resources (ICSNR) Second
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2. Syahriel Abdullah, Arnnyitte Alexander, Chong Khim Phin. 2016. Analysis of
Metabolites from Ganoderma boninense Chloroform Extract using Gas
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Figure 2.1

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 4.1

LIST OF FIGURES

Fruiting bodies of G. boninense on infected stem of oil palm
seeding

A) G. boninense cultured on Potato Dextrose Agar (PDA) at
28+2°C for 7 days old; B) G. boninense culture in Potato
Dextrose Broth (PDB) with continuous shake at 120rpm,
28+2°C for 7 days.

Sample of fruiting body collected from infected oil palm tree
in Sabah (Bar=1cm).

Polymerase Chain Reaction (PCR) amplification of DNA
isolated from the fruiting body using ITS1 and ITS4 primers
to amplify region on 5.8s ribosomal DNA. M=1kb ladder
(Vivantis); Lane 1-3= Isolated DNA from the fruiting body in
triplicates.

Evolutionary relationship of 14 taxa among the fruiting body
DNA samples (labelled as unknown, highlighted in yellow).
The evolutionary history was inferred using the Fast-
Minimum Evolution method with maximum sequence
difference at 0.75. The tree is drawn using slanted cladogram
to infer the phylogenetic. The evolutionary distances were
self-computed by BLAST pairwise alignment for distance tree
result and are in the units of the number of base
substitutions per site.

A) The effect of different media on Chloramphenicol
inhibition against all the bacterial samples, measured in mm.
B) The effect of different media on GBPDA chloroform extract
against all the bacterial samples, measured in mm. Data
denoted with same letter were not significantly different
(p>0.05). All data shown represent triplicates. All data shown
represent triplicates. Error bar represent standard deviation
(std) from the triplicates. TSA=Tryptic Soy Agar; MHA=
Muller-Hinton Agar; NA= Nutrient Agar; LBA= Luria-Bertani
Agar. SA= S. aureus, SP= S. pyogenes, MRSA= Methicillin
Resistant S. aureus;, PA= P. aeruginosa, KP= K. pneumoniae,
EC= E coli.

Antibacterial activity of both water-methanol (WM) and
chloroform-methanol (CM) fractions of G. boninense extract.
CM fraction shows greater antibacterial activity after 24h of
incubation by producing inhibition zone to all the tested
bacterial in contrast to hydro-methanol fraction, which only
inhibiting S. aureus ATCC 25923 and £.coli ATCC 35218. Data
denoted with same letter were not significantly different.
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Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

SA= S. aureus, SP= S. pyogenes, MRSA= Methicillin
Resistant S. aureus;, PA= P. aeruginosa, KP= K. pneumoniae,
EC= E. coil. All data shown represent triplicates. All data
shown represent triplicates. Error bar represent standard
deviation (std) from the triplicates.

PHPTLC separation of 1) Water-methanol (WM) and 2)
Chloroform-methanol (CM) fractions visualized under A)
Uv254 and B) UV366, and PpHPTLC antibacterial
bioautography against C) MRSA (NCTC11939) and D) S.
aureus (ATCC 25923). Fairly weak inhibition band was
observed on band at Rf=0.4 against both MRSA and S.
aureus. No visible bands were observed under visible (white)
light. No inhibition was observed on other bacterial samples
for pHPTLC antibacterial bioautography (not shown).

GC chromatogram of fraction separated by HPTLC (Rt= 0.4)
from Chloro-methanol fraction of G. boninense extract. Three
(3) peaks were identified as compounds A (Rtmin = 28.78), B
(Rtmin = 29.17), and C (Rtmin = 29.89).

Mass spectrum of compound A (Rtmin= 28.78), identified as
4,4,14a-Trimethylcholestane or Lanostane (m/z= 414.75)
with 94% identity was identified from HPTLC (Rt= 0.4) of
Chloro-methanol fraction of G. boninense extract.

Mass spectrum of compound B (Rtmin= 29.17), identified as
Ergosta-5,7,22-trien-33-ol or Ergosterol (m/z= 396.65) with
99% identity was identified from HPTLC (Rt= 0.4) of Chloro-
methanol fraction of G. boninense extract.

Mass spectrum of compound C (Rtmin= 29.89) with molecular
mass of 498.66, from HPTLC (Rt= 0.4) of Chloro-methanol
fraction of G. boninense extract. Molecular Formula
Identification based on Mass Hunter Agilent Algorithm
predicted the molecular formula for Compound C is C30H4206
with 98.9% accuracy. However, no definite identity is
available for compound C from the entire inquired mass
spectrometry library.

SPHPLC analysis of CMRF04 from G. boninense extract. The
three compounds (A, B, and C) were recovered from PHPTLC
after fractionation at their respective Rt (A= 39.21; B 38.55;
C= 39.97). Compounds A and B were spiked with their
respective standard (A= Lanostane, Sigma Aldrich;
B=Ergosterol, Sigma Aldrich) to validate the identity of peaks
A and B respectively.

FTIR spectroscopy analysis of compound A (black spectrum)
along with standard Lanostane (red spectrum). The analysis
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Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 5.1

Figure 5.2

shows high similarities of FTIR spectrum profile between
compound A and the standard in addition to validate the
identity of compound A as Lanostane.

FTIR spectroscopy analysis of compound B (black spectrum)
along with standard Ergosterol (red spectrum). The analysis
shows high similarities of FTIR spectrum profile between
compound B and the standard in addition to validate the
identity of compound A as Ergosterol.

FTIR spectroscopy analysis of compound C.

A) HMBC spectrum of Compound C in pyridine. B) The
NOESY excitation spectrums of Compound C in pyridine
(500MHz) and C) the planar structure of Compound C
deduced from NOESY spectrums in correlation with FTIR and
HMBC data.

A) COSY, HMBC and NOESY correlations of Compound C. The
molecular models Compound C in minimal energy were
generated by Conflex calculations /n silico using MMFF94's
force field. B) Experimental CD spectra of Compound C in
Methanol and the calculated ECD spectra of 2a and 2b.
Structures 2a and 2b with their respective configurations
represent possible stereoisomers for Compound C.

Hypothetical biogenetic pathway of Compound C, suggested
that it generated through squalene and sterol metabolism,
which explained the presence of Compound C along with
Lanostane and Ergosterol.

Antibacterial activity of Lanostane, Ergosterol, and
Ganoboninketal against SA=S. aureus, ATCC 25923; SP= S.
pyogenes, ATCC 19615; MRSA= MRSA, NCTC11939; PA= A.
aeruginosa, ATCC 9027; KP= K. pneumoniae, ATCC 1705;
and EC= £. cofi, ATCC 35218. Inhibition data denoted with
different letters are significantly differ at p<0.05.

Positive ligands used in MD study to validate the antibacterial
mechanism of action of Ergosterol and Ganoboninketal
against the antibacterial target proteins. a) PNM; b)DCS; c)
ATP; d) ILA; e) NOV; f) LFX; g) XHP; h) TOP.

Determination of MIC value of Ergosterol against the
bacterial samples. The MIC value for S. aureus ATCC25923,
S. pyogenes ATCC19615, and E. coli ATCC 35218 is
30ug/mL. Meanwhile, the MIC value for MRSA NCTC11939,
P. aeruginosa ATCC9027, and K. pneumoniae ATCC1705 is
50ug/mL.
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Figure 5.3

Figure 5.4

Figure 5.5

Figure 6.1

Determination of MIC value of Ganoboninketal against the
bacterial samples. The MIC value for S. aureus ATCC25923,
S. pyogenes ATCC19615, and E. coli ATCC 35218 is
30ug/mL. Meanwhile, the MIC value for MRSA NCTC11939,
P. aeruginosa ATCC9027, and K. pneumoniae ATCC1705 is
50ug/mL.

SEM observations on A) E. coli treated with Ergosterol, B) £
coli treated with Ganoboninketal, C) untreated £ coli as
control, and D) £ coli treated with isopropyl alcohol as
positive control. Treatment by Ergosterol and Ganoboninketal
caused reduction in cell size and corrugating the cell surface
structure. Multiple blisters (indicated by yellow arrow) and
protrusion of numerous small bubbles (indicated by red
arrow) were also observed, indicating the symptoms of cell
lysis. No damage was observed on E.coli treated with 10%
DMSO (negative control).

Molecular docking pose prediction of Ergosterol (green) and
Ganoboninketal (yellow) superimposed with the positive
control ligands (red) against (A) PBP1a, (B) Alr, (C) DdI, (D)
IARS (E) DNAg, and (F) TopolV. All the receptor proteins are
presented in cartoons (coloured based on secondary
structure) while all ligands are presented in stick. Yellow
dashed line indicate hydrogen-bond interaction Ergosterol,
Ganoboninketal and positive ligands with amino acids
residues in the receptors’ binding site.

Histopathological observation on control and Ganoboninketal
treated rats in sub-acute toxicity study. (A) Normal control
group; (B) Male liver treated with 1000mg/kg of
Ganoboninketal. Red arrow shows sinusoidal dilatation
followed by mild micronodular cirrhosis. C) Female liver
treated with 1000mg/kg of Ganoboninketal shows more
severe micronodular cirrhosis followed by obvious
hepatocellular necrosis (indicated by green arrow) and
lymphocytic infiltration (indicated by blue arrow). H & E
observed at 100x magnification.
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