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ABSTRACT 

 

Glycogen synthase kinase-3β (GSK-3β) is a serine/threonine kinase that has been 
implicated in several diseases such as diabetes, cancer, inflammation, Alzheimer 
and bipolar disorder. Therefore, GSK-3β has become a prior target in drug 
discovery. This study was aimed to search for potential GSK-3β inhibitors in soil 
microfungi isolated from Sabah rainforests. In this study, a total of 122 soil samples 
were collected from west coast and interior division of Sabah whereby 165 
microfungi strains were successfully isolated on potato dextrose agar and malt 
extract agar. All strain was cultured aerobically and the prepared extracts were 
tested using a yeast-based screening assay for their inhibitory activity on GSK-3β. 
The homologous genes of GSK-3 in the yeast (MCK1, MDS1, MRK1, and YOL128C) 
were knocked out and inserted with mammalian GSK-3β to overcome temperature-
sensitive phenotype of the mutant at 37oC thus created a yeast strain that is 
capable to grow at both 25oC and 37oC. Positive result was scored when there is a 
large inhibition zone on the grown yeast at 37oC. Furthermore, targeting Cys199 
residue on GSK-3β is a possible mechanism of inhibition in this assay and this 
residue lead to a selective inhibitor. Fourteen out of 165 strains gave detectable 
inhibition zones in the screening assay but only one strain namely MAN15558 
isolated from Mantanani’s island gave consistent inhibitory activities at 37oC and 
25oC which were 17.75 mm ± 0.35 (clear inhibition) and 11.5 mm ± 0.53 (partial 
inhibition), respectively when tested at 5 mg/disk of acetone crude extracts. The 
MAN15558 strain is classified as Aspergillus sp. based on morphology and 
molecular techniques using 18sRNA. This strain is also a non-virulence strain based 
on biochemical assay. Crude extracts of MAN15558 strain was separated into polar 
and non-polar layer using rapid extraction method. Non-polar layer showed 
potential inhibitory activity at 100 µg/disk thus further fractionation of this layer 
was performed using automated semi preparative HPLC. Impure fraction 2 (F2) was 
obtained and the inhibitory activity on GSK-3β was confirmed using screening assay 
(100 µg/disk) and Kinase-Glo luminescent assay (10 µg). Active F2 was analysed 
using LC-MS/Qtof and 639.1664 m/z detected as the potential precursor ion. 
Identification of compounds performed using MS/MS fragmentation data of 
639.1664 m/z in MassBank programme. Five hits were obtained and two of it was 
predicted as the potential compound based on their chemical substructure and 
peak relationship. The compounds were Isoscoparin 2''-O-ferulate and Okanin 4'-
(4''-acetyl-6''-p-coumarylglucoside). These compounds were predicted as anti GSK-
3β agent produced by MAN15558 strain. They are flavonoid compound and contain 
sub-structure like ferulic acid and coumaric acid which confers anti-diabetic and 
anti-oxidant activity as reported extensively. Further purification and structure are 
required to confirm these compounds. This present study concluded that 
MAN15558 strain is the first soil microfungi isolated from Mantanani’s island 
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identified as Aspergillus sp. that has produced anti GSK-3β agents targeting on 
Cys199 and predicted as Isoscoparin 2''-O-ferulate and Okanin 4'-(4''-acetyl-6''-p-
coumarylglucoside). 
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ABSTRAK 

GSK3 BETA-INHIBITORY ACTIVITY IN MICROFUNGAL ISOLATED FROM 
SABAH RAINFOREST SOILS 

Glikogen sintase kinase-3β (GSK-3β) adalah serin/threonin kinase yang terlibat 
dalam pelbagai penyakit seperti diabetes, kanser, inflamasi, Alzheimer dan 
gangguan bipolar. Maka, GSK-3β telah menjadi sasaran utama dalam pencarian 
ubat-ubatan. Kajian ini mensasarkan pencarian perencat GSK-3β dalam mikrofungi 
tanah yang dipencilkan dari hutan hujan di Sabah. Dalam kajian ini, sebanyak 122 
sampel tanah dikumpulkan dari pantai barat dan kawasan pedalaman Sabah yang 
mana 165 strain mikrofungi telah dipencilkan di atas agar dektros kentang dan agar 
ekstrak gandum. Semua strain dikulturkan secara aerobik dan ekstrak yang 
disediakan diuji dengan kaedah penyaringan menggunakan yis untuk penyaringan 
aktiviti perencatan ke atas GSK-3β. Gen homolog GSK-3 di dalam yis (MCK1, MDS1, 
MRK1, dan YOL128C) dikeluarkan dan digantikan dengan GSK-3β mamalia untuk 
mengatasi fenotip mutan yang sensitif-suhu pada 37oC seterusnya mencipta strain 
yis yang dapat tumbuh pada 25oC dan 37oC. Keputusan yang positif akan diskorkan 
apabila terdapat perencatan yang besar pada pertumbuhan yis di suhu 37oC. Selain 
itu, pensasaran Cys199 di GSK-3β merupakan mekanisma perencatan yang 
berkemungkinan untuk kaedah ini dan sasaran ini akan membawa kepada perencat 
yang selektif. Empat belas daripada 165 strain yang diuji menunjukkan kehadiran 
zon perencatan dalam kaedah penyaringan tetapi hanya satu strain dengan nama 
MAN15558 yang dipencilkan dari Pulau Mantanani memberikan aktiviti perencatan 
yang konsisten pada suhu 37oC dan 25oC iaitu 17.75 mm ± 0.35 (perencatan jelas) 
dan 11.5 mm ± 0.53 (perencatan separa) masing-masing pada 5 mg/disk aseton 
ekstrak yg diuji. Strain MAN15558 diklasifikasikan sebagai Aspergillus sp. 
berdasarkan morfologi dan teknik molekular menggunakan 18sRNA. Strain ini juga 
tidak virulen berdasarkan ujian biokimia. Ekstrak daripada strain MAN15558 
dipisahkan kepada bahagian polar dan tidak polar menggunakan kaedah ekstraksi 
cepat. Bahagian tidak polar menunjukkan aktiviti perencatan yang berpotensi pada 
100 µg/disk seterusnya bahagian ini menjalani pemeringkatan lanjutan 
menggunakan semi preparative HPLC yang automatik. Pecahan aktif separa asli 2 
(F2) telah diperoleh dan aktiviti perencatannya ke atas GSK-3β disahkan 
menggunakan kaedah penyaringn (100 µg/disk) dan kaedah luminesen Kinase-Glo 
(10 µg). Aktif F2 dianalisis menggunakan LC-MS/Qtof dan 639.1664 m/z dikesan 
sebagai ion prekursor yang berpotensi. Pengenalpastian sebatian dilaksanakan 
menggunakan data fragmentasi MS/MS 639.1664 m/z dalam program MassBank. 
Lima hit diperoleh dan dua daripadanya diramalkan sebagai sebatian yang 
berpotensi berdasarkan hubungan sub-struktur kimia dan fragmen. Sebatian itu 
adalah Isoscoparin 2''-O-ferulate dan Okanin 4'-(4''-acetyl-6''-p-coumarylglucoside). 
Sebatian ini diramalkan sebagai agen anti GSK-3β dihasilkan oleh MAN15558 strain. 
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Sebatian ini merupakan sebatian flavonoid dan mempunyai sub-struktur seperti 
asid ferulik dan asid komarin yang memberikan anti-diabetik dan anti-oksidan 
aktiviti seperti yang dilaporkan secara meluas. Purifikasi dan struktur lanjutan 
adalah diperlukan untuk mengesahkan sebatian-sebatian ini. Kajian ini 
menyimpulkan bahawa strain MAN15558 merupakan mikrofungi tanah yang 
pertama dipencilkan dari Pulau Mantanani dikenalpasti sebagai Aspergillus sp. yang 
menghasilkan agen anti GSK-3β yang mensasarkan Cys199 dan diramalkan sebagai 
Isoscoparin 2''-O-ferulate dan Okanin 4'-(4''-acetyl-6''-p-coumarylglucoside).  
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CHAPTER 1 

 

INTRODUCTION 

 

 

Glycogen synthase kinase-3 (GSK-3) is first identified in rabbit skeletal muscle 
which had phosphorylation activity against glycogen synthase (Embi et al., 1980) 
and later implicated in diabetes disease (Frame and Cohen, 2001). Active GSK-3 
was found in brain which leads to Alzheimer’s disease (Bhat et al., 2004). Other 
studies reported that GSK-3 is also involved in multiple cellular pathway like Wnt 
signalling (Woodgett, 2001), cell fates and protein synthesis (Jacobs et al., 2012) 
due to its numerous substrate (Sutherland, 2011). Therefore, GSK-3 activity is not 
limited to diabetes and Alzheimer’s disease but also responsible for regulating most 
of the central nervous system disorder (Bhat et al., 2004; Avrahami et al., 2013), 
inflammation and cancers (Mishra, 2010).  

 

Scientific studies of GSK-3 activity in several diseases have leads to the 
development of inhibitor for GSK-3. At present, many GSK-3 inhibitors have been 
found and reported worldwide by researchers and scholars ranging from chemical 
element, natural resources, synthetic molecules and peptides (Finkelman and 
Martinez, 2011). Unfortunately not all of them act specifically on GSK-3 and pass in 
the trials using model animal even though their inhibitory activity is good in the cell 
free assay (Kramer et al., 2012). Therefore, searching for GSK-3 inhibitor is still 
needed and the biggest challenge is to find the inhibitor with better selectivity, 
confers favourable outcome plus the inhibition of GSK-3 did not prevents the cell to 
function in a normal ways (Avrahami et al., 2013).  

 


