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Plants are primary sources of natural product drugs. However, with every 
new bioactive molecule reported from a plant source, there follows reports of 
endangered status or even extinction of a medicinally important plant due to 
over-harvesting. Hence, the attention turned towards fungi and bacteria 
namely the endophytes, which reside within plants. They have been found to 
produce secondary metabolites which are significant sources of novel 
compounds that have the potential for pharmaceutical, agricultural and 
biotechnological applications. The objectives in this study were to investigate 
the diversity and biomedical properties of endophytes in selected local 
medicinal plants. In efforts to bioprospect for possible antibacterial and 
anticancer metabolites, a total of 203 endophytic fungi were isolated from 10 
medicinal plants. These selected plants were local medicinal plants 
indigenously used and known traditionally to have antibacterial and 
anticancer properties. They are Clinacanthus nutans (SK 2280/13), 
Strobilanthes crispus (SK 2281/13), Lonicera japonica (SK 2282/13), Senna 
obtusifolia (SK 2283/13), Elephantopus scaber (SK 2284/13), Leea indica 
(SK 2285/13), Pereskia sacharosa (SK 2286/13), Pereskia bleo (SK 2287/13), 
Hippobroma longiflora (SK 2288/13), and Persicaria chinensis (SK 2289/13). 
These endophytes were isolated and grown on 3 medium plates which are 
actinomycetes isolation agar (ATC), potato dextrose agar (PDA) and starch 
casein agar (SCA). Genetic diversity studies on the endophyte isolates done 
on random polymorphic DNA (RAPD) showed that the monomers (OPO 6, 
OPO 10 and OPO16) used for the amplification were able to cluster majority 
of the isolates into different parts of the plant. Antibacterial screening results 
showed that plant Clinacanthus nutans and Strobilanthes crispus have more 
potential of bioactive properties in comparison to the other 8 plants. A total of 
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30 fungal endophytes from these 2 plants were then further subjected to 
anticancer screening and molecular identification. Results from the alignment 
of the ITS rDNA regions of phylogenetic trees show that plant Clinacanthus 
nutans with 11 fungal endophytes were attributed to 8 genera whereas, plant 
Strobilanthes crispus with 19 fungal endophytes were attributed to 8 genera 
and 1 class. After much screening from the myriad of 203 fungal endophytes 
for antibacterial and anticancer properties, (SCA)AL3 closely identified as 
Neosartorya hiratsukae showed the highest significant antibacterial activity 
against 5 gram-positive bacteria at concentration 200 µg/disc and anticancer 
activity against all the 5 cancer cell lines tested with half maximal inhibitory 
concentration (IC50) ranging from 17.67 μg/ml to 88.33 μg/ml. As for the gas 
chromatography coupled with mass spectrometry (GC-MS) results, a total of 
4 volatile metabolites were identified from the dichloromethane crude extract 
of Neosartorya hiratsukae having more than 10% abundance. It is postulated 
that the synergistic effects of the 4 volatile metabolites were the contribution 
to the antibacterial and anticancer properties of (SCA)AL3, Neosartorya 
hiratsukae. From a total of 203 fungal endophytes which underwent 
molecular studies and screened against 24 bacterial pathogens and 5 cancer 
cell lines, the most significant findings was (SCA)AL3, Neosartorya 
hiratsukae, which was the first reported fungus having medicinal properties 
isolated from a medicinal plant, Clinacanthus nutans, found in Malaysia. 
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Fakulti  : Perubatan dan Sains Kesihatan 

 

Tumbuh-tumbuhan adalah sumber utama ubat-ubatan produk semula jadi. 
Walau bagaimanapun, dengan setiap molekul bioaktif baru dilaporkan dari 
sumber tumbuhan, terdapat berikut laporan status terancam atau kepupusan 
tumbuhan penting secara perubatan kerana terlalu menuai. Oleh itu, 
perhatian diutamakan ke arah kulat dan bakteria iaitu endofitik, yang tinggal 
di dalam tumbuh-tumbuhan. Mereka didapati dapat menghasilkan metabolit 
sekunder yang merupakan sumber penting sebatian novel yang mempunyai 
potensi untuk aplikasi farmaseutikal, pertanian dan bioteknologi. Objektif 
kajian ini adalah untuk menyiasat kepelbagaian dan sifat bioperubatan 
endophytes dalam tumbuhan ubatan tempatan. Dalam usaha untuk 
memperolehi  metabolit yang mempunyai anti-kanser dan anti-bakteria, 
sebanyak 203 kulat endofitik telah diasingkan daripada 10 tumbuhan 
perubatan iaitu Clinacanthus nutans (SK 2280/13), Strobilanthes crispus (SK 
2281/13), Lonicera japonica (SK 2282/13), Senna obtusifolia (SK 2283/13), 
Elephantopus scaber (SK 2284/13), Leea indica (SK 2285/13), Pereskia 
sacharosa (SK 2286/13), Pereskia bleo (SK 2287/13), Hippobroma longiflora 
(SK 2288/13), dan Persicaria chinensis (SK 2289/13). Semua endofit ini telah 
diasingkan dan ditanam atas 3 plat agar iaitu actinomycetes isolation agar 
(ATC), potato dextrose agar (PDA) and starch casein agar (SCA). Kajian 
kepelbagaian genetik antara endofit dengan menggunakan kaedah random 
polymorphic DNA (RAPD) menunjukkan bahawa monomer (OPO 6, OPO 10 
dan OPO16) yang digunakan dapat menghasilkan pengelompokan majoriti 
diasingkan kepada bahagian-bahagian tumbuhan. Daripada pemeriksaan 
anti-bakteria, keputusan menunjukkan bahawa tumbuhan Clinacanthus 
nutans dan Strobilanthes crispus mempunyai akitiviti yang paling banyak 
berbanding dengan 8 tumbuhan perubatan yang lain. Sebanyak, 30 endofitik 
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kulat dari 2 pokok ini kemudian tertakluk kepada pemeriksaan anti-kanser 
dan pengenalan molekul. Hasil daripada analysis ITS rDNA, pokok 
filogenetik menunjukkan bahawa tumbuhan Clinacanthus nutans yang terdiri 
daripada 11 endofitik kulat adalah daripada 8 genera manakala, tumbuhan 
Strobilanthes crispus yang terdiri daripada 19 endofitik kulat adalah 
disebabkan oleh 8 genera dan 1 kelas. Selepas pemeriksaan anti-bakteria 
dan anti-kanser 203 endofitik kulat, (SCA)AL3 yang juga dikenal pasti 
sebagai Neosartoya hiratsukae menunjukkan aktiviti anti-bakteria yang paling 
tinggi iaitu terhadap 5 bakteria gram-positif pada kepekatan 200 μg/cakera 
dan aktiviti anti-kanser terhadap semua 5 sel kanser diuji dengan separuh 
kepekatan perencatan maksimal (IC50) antara 17.67 μg/ml hingga 88.33 
μg/ml. Bagi keputusan kromatografi gas spektrometri jisim (GC-MS), 
sebanyak 17 metabolit telah dikenal pasti daripada ekstrak mentah 
diklorometana daripada Neosartorya hiratsukae yang mempunyai lebih 
daripada 1% dan daripada 17 metabolit ini hanya 4 metabolit dikenal pasti 
mempunyai lebih banyak daripada 10%. Ia dijangka adalah kerana akitiviti 
sinergi 4 metabolit ini yang menyumbang kepada sifat-sifat anti-bakteria dan 
anti-kanser daripada (SCA)AL3. Daripada 203 endophytes yang menjalani 
kajian molekul dan pemeriksaan terhadap 24 patogen bakteria dan 5 sel 
kanser, penemuan yang paling penting ialah (SCA)AL3, Neosartorya 
hiratsukae, merupakan laporan pertama Neosartorya hiratsukae mempunyai 
sifat perubatan yang diasingkan dari tumbuhan perubatan Clinacanthus 
nutans yang terdapat di Malaysia.  
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 General introduction 

In the past few decades, many researchers have begun to realise that plants 
may serve as a reservoir of untold numbers of organisms known as 
endophytes. The existence of endophytes has been known for hundreds of 
years (Petrini and Carroll, 1981). Endophytes are often fungi and bacteria, 
which live in living plant cells. These microorganisms reside inter- or intra-
cellularly in plant tissues and are able to produce secondary metabolites to 
enhance the ecological fitness of their host plants. As a direct result of the 
role that these secondary metabolites play in plant physiology and nature, 
they have the potential for pharmaceutical, agricultural and biotechnological 
applications (Strobel et al., 2004). Endophytes are also known as the 
chemical synthesisers that are capable of synthesising bioactive compounds 
used by plants for defense against pathogens and some of these compounds 
have been proven useful for novel drug discovery (Owen et al., 2004). 

 

Endophytes are ubiquitous with rich biodiversity, which have been found in 
every plant species examined to date. It is noteworthy that, of the nearly 
300,000 plant species that exist on the earth, each individual plant is the host 
to one or more endophytes (Strobel, 2003). In view of special colonisation in 
certain hosts, it is estimated that there may be as many as 1 million different 
endophyte species, however only a handful of them have been described 
(Petrini et al., 1991) indicating that the opportunity to find new and targeting 
natural products from interesting endophytic microorganisms among myriads 
of plants in different niches and ecosystems is great.  

 

Of the myriad of ecosystems on earth, tropical and temperate rainforests are 
the most biologically diverse terrestrial ecosystems on earth and it seems to 
be the ones having the greatest number and most diverse endophytes. 
Plants that grow in unique environments usually struggle to compete or that 
need as much assistance as possible to survive, are likely to host a variety of 
endophytes which may assist the survival plant (Strobel et al., 2004). Many 
scientists have predicted that plants growing in lush tropical rainforests, 
where competition for light and nutrients are great, resources are limited, and 
selection pressure is at its peak are most likely to host the greatest number of 
bioactive endophytes. Previous studies noted that endophytes from tropical 
regions produce significantly higher bioactive secondary metabolites than 
those from temperate parts of the world (Bills et al., 2002).  
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As an area in the tropical rainforest region, Malaysia could serve as an 
important and great source to further research on the endophytes found in 
the medicinal plants grown here. In Malaysia, extract from many types of 
local plants are used in traditional manner for treatments of various ailments. 
For instance, previous studies have shown that the aborigines or indigenous 
people have utilised many wild medicinal plants for many centuries. They 
healed themselves with traditional herbal medicines and ancient remedies 
from immemorial time passed down through generations (Samuel et al., 
2010). The most common parts of the plant used in the preparation of herbal 
medicine are leaves, stems, roots and whole plant. However, other plant 
parts were also used which are fruits, flowers, seeds, rhizomes, tubers, bulbs 
and saps (Ahmad and Holdsworth, 2003; Ong et al., 2011). The 10 medicinal 
plants selected for this study were plants indigenously used for traditional 
treatment against antibacterial and anticancer diseases. These plants are still 
naturally taken for treatment up to date. They are Clinacanthus nutans, 
Strobilanthes crispus, Lonicera japonica, Senna obtusifolia, Elephantopus 
scaber, Leea indica, Pereskia sacharosa, Pereskia bleo, Hippobroma 
longiflora, and Persicaria chinensis. 

 

The question is whether these medicinal effects are produced by the plant 
itself or as a consequence of mutualistic relationships with beneficial 
organisms in their tissue. Studies have shown that it seems likely that some 
of the healing properties in plants, as discovered by indigenous peoples, 
might be facilitated by compounds produced by one or more specific plant-
associated endophytes as well as the plant products themselves. For 
instance, one notable endophyte with medicinal benefits to humans was 
discovered from Taxomyces andreanae, an endophytic fungus of Taxus 
brevifolia (Pacific yew tree). It was found to produce taxol also known as 
paclitaxel, the world‟s billion dollar anticancer drug and also known to treat a 
number of other human tissue-proliferating diseases (Strobel et al., 2003).  

 

Only limited studies have been carried to evaluate the potential of fungal 
endophytes inhabiting Malaysian medicinal plants (Radu and Cheah, 2002; 
Hazalin et al., 2009; Harun et al., 2015). The rich biodiversity and in distinct 
ecological settings in Malaysia suggests the possibility that the endophytes 
contained in them may have unique biosynthetic capabilities, leading to the 
production of unique metabolites with varied biological activities.  

 

Recent studies have shown an increase development of multi-drug resistant 
in human pathogens and cancer incidence rate in the world. The need for 
new drugs is much required for survival. Thus, with the vast source of 
medicinal plants found in Malaysia which have yet to be extensively studied, 
there is a need to research further on the endophytes of medicinal plants in 
Malaysia. It was hypothesised that there are promising endophytes of interest 
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having antibacterial and anticancer properties. It would be of a great 
achievement once a new discovery is obtained. 

 

1.2 Objectives 

The general objective of this study was to investigate the diversity and 
biomedical properties of endophytes in selected Malaysian medicinal plants.  

 

The specific objectives of this study were: 

a) To isolate endophytes from different parts of the selected medicinal plants.  
b) To determine the diversity of the isolated endophytes in the medicinal 

plants via random amplified polymorphic DNA (RAPD) and internal 
transcribed spacer (ITS) region.  

c) To determine the antibacterial and anticancer properties of the isolated 
endophytes. 

d) To determine the potential bioactive components of the crude extract of 
the selected endophyte of interest.  

 

Figure 1.1 summarises the work conducted in this study from collection of 
plant samples to ultrastructure viewing of endophytes. The objectives are 
indicated at their respective steps.  

 

 

Figure 1.1: Flow chart of the experimental design. Flow chart indicates 
designated objectives to be achieved throughout this study.   
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