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ABSTRAK 

Sejumlah 20 sampel tanah telah dikutip pada ekspedisi saintifik yang diadakan di 

kawasan hilir Sungai Segama. Oaripada 20 sampel tanah yang dikutip, 18 sam pel 

tanah adalah dikutip sepanjang kawasan tepi Sungai Segama. Manakala 2 sampel 

tanah yang lain adalah dikutip dari kawasan tebing Sungai Tabin. Sebanyak 9 sampel 

tanah yang dikutip oleh saudari Tan Chia Yee dan 9 sampel tanah yang dikutip oleh 

saya sendiri telah digunakan untuk mengasingkan aktinomiset yang terdapat di 

dalamnya. Sejumlah 20 strain aktinomiset telah beIjaya diasingkan dari sampeI tanah 

tersebur pada HV agar media dengan menggunakan kaedah pencairan berperingkat. 

Strain aktinomiset yang diasingkan sererusnya ditulenkan dengan pengkulturan dalam 

Oatmeal agar. Fenotip morfologi bagi setiap strain aktinomiset diperhatikan 

berdasarkan warna aerial miselia dan substrat miselia pada media Oatmeal. 

Fermentasi aktinomiset kemudian dijalankan dengan menggunakan Mannitol-peptone 

media selama 5 hari pada suhu 28°C. Hasil fermentasi dicampurkan dengan isipadu 

aseton yang sarna dengan tujuan rnengekstrakkan rnetabolit sekunder daripada 

aktinomiset. Ekstrak aseton kemudiannya digunakan untuk menguji dan mengesan 

perencat terhadap MAP kinase phosphatase, MSG5. Dalarn kajian ini , terdapat dua 

sistern penyaringan yang digunakan. Dalam sistem penyaringan 1, terdapat 9 ekstrak 

yang menunjukkan aktiviti toksik terhadap yis mutan MKKI P386_MSG5 . Strain-strain 

aktinomiset ini termasuk H8807, H8908, H8918, H8919, H8930, H8961 , H8996, 

H II 074, dan H II 082. Manakala dalarn sistern penyaringan 2, terdapat 8 ekstrak yang 

rnenunjukkan kesan toksik. Strain-strain ini termasuk H8959, H8976, H8982, HI1073, 

H11074, HII078, HII081 and HI 1084. Tiada strain yang menunjukkan potensi 

sebagai perencat bagi MSG5. 
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ABSTRACT 

A total of 20 soil samples were collected during the scientific expedition at Lower 

Segama. Out of the 20 soil samples, 18 soil samples were collected along the riverside 

Segama River; as the other 2 soil samples were collected along the Tabin River. 9 soil 

samples that were collected by Miss Tan Chia Yee and 9 soil samples collected by 

myself were used for actinomycetes isolation. As a result of that, 20 strains of 

actinomycetes were successfully isolated on HV agar media at the pH of 7.2 after a 

serial dilution of 10-3 have been carried out. The isolated actinomycetes strains were 

further purified on Oatmeal agar at pH 7.2. The morphological characteristics such as 

the color of aerial mycelia and substrate mycelia of actinomycetes were observed. 

Purified strains of actinomycetes were then grown aerobically in Mannitol-peptone 

media, which contain 2%(w/v) Mannitol, 2%(w/v) peptone and 2%(w/v) glucose. The 

fermentation process was carried out for 5 days at 2S°C. Acetone was then used to 

extract the secondary metabolites from the fermented cultures. These acetone extracts 

were used to screen for MAP kinase phosphatase, MSG 5 inhibitors. There are two 

screening system being used. The difference of system 2 from system 1 is that the 

yeasts are grown in both glucose and galactose growth media separately. In the 

screening system 1, 9 extracts had shown some toxic activities against the mutant 

yeast strain MKKI P386_MSG 5.These strains include HSS07, HS90S, HS91S, HS919, 

H8930, H8961, H8996, HII074, and HII082. As for the screening system 2, there 

were 8 extracts that shown toxic activities, these include H8959, H8976, H8982, 

HI1073, HI 1074, HI1078, Hl1081 and HI1084. 
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CHAPTER 1 

INTRODUCTION 

Malays ia, particularly in Sabah, possesses a wealth of biodiversity in natural forests 

and marine environment. The greatest potential of utilization of biodiversity in 

biotechnology lies in the rich microbial diversity. In this final year project, the 

research is focused on the filamentous bacteria, actinomycetes especially 

Streptomyces, which have produced several kinds of important bioactive secondary 

metabolites. 

Actinomycetes are a large group of filamentous, gram-positive bacteria. Most 

of the actinomycetes can be found in soil and they are aerobic. Among all the various 

genera of actinomycetes, Streptomyces has yielded the largest number of bioactive 

secondary metabolites, acting both as antibiotics and anticancer drugs . Until today, 

more than 50 Streptomycete antibiotics have found practical application in human and 

veterinary medicine, agriculture and industry. 

All cells have some ability to sense and respond to specific aspects of their 

environment. The binding of most signaling molecules to their receptors initiates a 

series of intracellular reactions that regulate virtually all aspects of cell behavior, 

including cell proliferation (Cooper, 1997). 
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The molecular study of cancer revealed that the causation of cancer is brought 

up by the breakdown of the signaling pathway that regulates normal cell proliferation. 

In other words, this involves protein kinases and phosphatases that carry out 

phosphorylation and dephosphorylation in signal transduction and cell cycle. Thus, 

protein kinases are the key targets in the discovery of inhibitors for cancer treatment. 

In eukaryotes, a cascade of three protein kinases known as mitogen-activated 

protein kinase (MAPK) cascade is commonly found as part of the signaling pathways. 

The three protein kinases are: MAPK (mitogen activated protein kinase or known as 

extracellular signal-regulated kinase [ERK]), MAPK kinase (or known as MEK), and 

MAPK kinase kinase (MAPKKK) (Watanabe, 1995). 

MSG5 (multicopy suppressor of gpaf) is a novel gene that encodes a putative 

protein tyrosine phosphate (Doi et at. , 1994). It is a dual specificity protein 

phosphatase that phosphorylates the hydroxyl side chains of serine/threonine and 

tyrosine residues in their MAP kinase substrate (Kendall el aI., 1994). In the cell wall 

integrity pathway, MSG5 will dephosphorylate the Mpkl gene, which is the 

homologue to MAP Kinase in mammalian cells. 

In the mating pheromone pathway, MSG5 will inactivate phosphorylated 

FUS3 , which is the homologue to the MAP Kinase in mammalian cells. Both of these 

pathways are the most well studied pathways in yeast. Presently, there is another 

homologue of MSG5 that is found in mammalian cells, Mkp3 . Mkp3 is also a gene 

that encodes a dual specificity phosphatase that regulates MAPK pathway (Kawakami 
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et aI., 2003). Hence, in this research, the main goal is to discover the inhibitor that will 

act against MSG5 in order to inhibit the MAP kinase pathway. 

The objective for this final year project is to isolate actinomycetes especially 

Streptomyces from the soil sample collected from lower Segama River, using the 

selective HV media. Further on, secondary metabolites are extracted from the 

Streptomyces. Subsequently, the extractions are screened for the inhibitor of MAP 

kinase phosphatase (MSG5). 
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CHAPTER 2 

LITERA TURE REVIEW 

2.1 ACTINOMYCETES 

Actinomycetes are a large group of non-motile, filamentous gram-positive bacteria 

that form branching filaments (Madigan et ai. , 2000). The successful growth of the 

filaments will form a ramifying network of filaments, called mycelium. The mycelium 

formed by actinomycetes is somehow much smaller than those of fungi , in fact they 

are spore-fanning. When actinomycetes are grown in agar or a media, hyphae that 

grow on the upper part of agar are known as aerial mycelium and the growth in the 

agar are known as substrate mycelium. 

The DNA base composition of actinomycetes consists of high G+C 

concentration, which falls in the range of 63-78% (Madigan et aI., 2000). Besides the 

G+C concentration, the type of cell wall peptidoglycan and the presence of isomer 

Diaminopimelic acid (DAP) are tested to separate the actinomycetes group into broad 

chemotaxonomic groups. The prevalent peptidoglycan type contains meso-

diamonipimelic acid (meso-DAP) in position 3 of the peptide chains; and adjacent 

chains are cross-linked directly between the free amino group of meso-DAP and free 

carboxyl group of D-alanine (3:4 linkage). The principal variations concern the nature 
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of the diarninoacid in position 3; the presence, number and nature of the additional 

amino acids, which fonn interpeptide bridges; and the positions of the cross-link 

between peptides chains. However, these conventional identification tests are time-

consuming and in most cases, cannot identifY an isolate to a single genus. 

In the recent discovery, a rapid method for identifying the filamentous 

actinomycetes genera is developed based on 16S-rRNA gene restriction fragment 

patterns (Cook and Meyers., 2003). The patterns are generated by using specific 

restriction endonucIeases to perfonn in silico digestions on the 16S-rRNA sequences 

of all validly published filamentous actinomycetes species. Basically, this method is 

applied to identifYing soil-inhabitant actinomycetes. Once the restricted 16S-rRNA of 

the soil actinomycetes is electrophoresed on agarose gels, the restriction patterns of 

the unknown isolates can be easily compared to the established patterns. 

2.1.1 Habitats of Actinomycetes 

Most of the actinomycetes are soil-inhabitants. Besides widely distributed in soil, 

actinomycetes also can be found in a wide variety of other habitats which include 

fresh water basins, stable manures and even in the atmosphere (Alexander, 1984). One 

of the modern approaches of discovering new bioactive substances is by isolating and 

screening for microorganisms from relatively unknown and unstudied areas In a 

recent study, actinomycetes have been isolated from the Antarctica soil. Molecular 

studies indicated that the strains belonged to the genera Streptomyces, Actinomadura 

and Kilasato.\pora (Mocheva et aI., 2002). 
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Generally, actinomycetes are aerobic heterotrophs. In other words, they require 

an organic carbon source and air to survive. Hence, actinomycetes are able to grow 

well at relatively low moisture surrounding, about 15-20% of the moisture holding 

capacity of the soil. Besides that, actinomycetes grow best in neutral soils at a pH of 

6-7 and do not like soils with an acidic reaction. 

As most of the actinomycetes are mostly soil inhabitants, they are the primary 

decomposer of the macromolecules complex in soil and also the tough plants materials 

like bark and woody stems. They are especially effective at attacking tough, raw plant 

tissues (cellulose, chitin, and lignin), softening them up for their less enterprising 

relatives. 

2.1.2 Industrial Importance of Actinomycetes 

Early in the year of 1888, Nocard first recognized the pathogenic potential of 

actinomycetes. Since then, several aerobic actinomycetes have been a major source of 

interest for the commercial drug industrial (Mcneil and Brown, 1994). In the 60 ' sand 

70 ' s of the 20th century, 75-80% of all discovered antibiotics derived from the 

Actinomycetales, mainly from the Streptomyces species (Mocheva et a/., 2002). They 

have been proved to be extremely useful microorganisms for producing novel 

antimicrobial agents. Besides that, actinomycetes have also been well known as 

potential veterinary pathogens affecting many different animal specIes. 
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Among all the genera of actinomycetes, Streptomyces turned out to be the 

major producer of different antibiotics of great economic and medical importance. For 

an example, the synthesis of macrolide antibiotics like erythromycin and adriamycin, 

synthesis of aminoglycosides like streptomycin and neomycin and other groups of 

antibiotics such as tetracyclines are the major production of Streptomyces (Madigan et 

aI. , 2000) Besides Streptomyces, other genera that involve in the production of 

antibiotics include actinomadura, norcardia, actinoplane, mlcromonospora, 

thennoactinomyces and rhodococcus (Palaniappan, 1995). 

2.2 STREPTOMYCES 

Streptomyces is the most successful genus in the actinomycetes with over 500 species 

that are already recognized by Bergey' s manual (References). One distinct 

characteristic of Streptomyces is the production of spores from aerial filaments called 

sporophores. These rise above the colony and form spores called conidia by simple 

cross-wall divisions of the filaments. If the spores are being scrutinized under the 

electron microscope, the refractile spores can be seen. The differences in the shape 

and arrangement of aerial filaments and spore-bearing structures of various species are 

among the fundamental features that are used in classifying the Streptomyces groups. 

Besides the morphological characteristics, Streptomyces wiIl produce a special fresh 

earthy smeII , which arises from chemicals called geosmens. 

As mentioned earlier, the most striking property of Streptomyces is the prolific 

ability of producing antibiotics. In some studies, it shown that over 500 distinct 

antibiotics substances are produced by Streptomyces. Particularly, the antibiotics that 
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are produced are applied in human and veterinary medicine and agriculture, as well as 

anti-parasitic agents, herbicides, pharmacologically active metabolites and several 

important enzymes in food and other industries. For examples, Streptomyces griseus 

produces streptomycin, Streptomyces venezuelae produces chloramphenicol , 

Streptomyces fradiae produces neomycIn, Streptomyces orientalis produces 

vancomycin, Streptomyces eryfhreus produces erythromycin and as for Streptomyces 

noursei, it produces nystatin. 

2.3 SECONDARY METABOLITES 

Microbial secondary metabolites include antibiotics, pigments, toxins, effectors of 

ecological competition and symbiosis, pheromones, enzyme inhibitors, 

immunomodulating agents, receptor antagonists and agonists, pesticides, antitumor 

agents and growth promoters of animals and plants (Demain, 1998). 

Secondary metabolites are normally produced at the end of vegetative growth 

and during stationary phase of the cell cycle (Madigan el aI. , 2000). They have 

unusual structures and their formation is regulated by nutrients, growth rate, feedback 

control, enzyme inactivation and enzyme induction. However, the produced secondary 

metabol ites are not essential for growth and reproduction. 

Secondary metabolites are often produced as a group of a closely related 

structure. For instance, a single strain of Streptomyces has been found to produce over 

30 related but different anthracycline antibiotics. Most secondary metabolites are 

complex organic molecules that require a large number of specific enzymatic 
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reactions for synthesis. In this case, we can refer to the synthesis of tetracycline, 

which require at least 72 enzymatic steps; and as for erythromycin, 25 steps are 

involved. 

2.4 SIGNAL TRANSDUCTION 

Signal transduction at the cellular level is a process where infonnation or signal from 

the environment of cells is carried across the plasma membrane into the cell and 

finally transmitted to the cell nucleus, in order to stimulate coordinated changes in cell 

activity through a signaling molecule. 

Basically, the signaling proteins will coordinate the precise orchestration of 

metabolism and other cellular processes in response to environmental cues. These 

signal transduction networks link receptors for extracellular mediators at the cell 

surface to appropriate effectors responses throughout the cell (Hancock, 1999). 

In the simple movement of signals, they are associated with receptor molecules 

of the acetylcholine class: receptors that constitute channels that allow signals to be 

passed in the fonn of small ion movement. On the other hand, more complex signal 

transduction involves the coupling of ligand receptor interactions to many intracellular 

events. These events include phosphorylation change enzyme activities and protein 

confonnations. Subsequently, an alteration will occur in cellular activity and changes 

in the program of genes will be expressed within the responding cells. Various of 

these coupling network will operate in each of the different types of cells in the 
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organism and these cells will monitor their environment and react appropriately to the 

benefit of the organism. 

When the signal transduction process is scrutinized in exquisite detail, it is 

clear that the whole mechanism involve a chain linking of signaling molecules. The 

first extracellular signaling compound that is formed is known as first messenger. This 

first messenger will then lead to the production of small and transient molecule in the 

inside the cell, called second messenger. From the first messenger to second 

messenger and to the next molecule, the information or message will pass on, in order 

to activate or alter the activity of the next molecule in signal transduction process. The 

existence of this cell-signaling cascade will then allow the amplification of the 

original signal, so that the signal can act effectively on the target cell (Hancock, 

1999). 

However, real havoc will occur when the signaling molecules malfunction due 

to the mutations in the genes that encode them and nowadays, over 400 diseases have 

been linked to the breakdown of the signaling pathway that control normal cell 

proliferation and survival. 

2.5 MAP KINASE PATHWAY 

Mitogen-activated protein kinases (MAP kinase) are ubiquitous in all eukaryotes, 

ranging from yeasts to humans (Watanabe et aI., 1995). They are a group of serine-

threonine protein kinases that regulate a variety of cellular processes in response to the 

extracellular and intracellular signals. These protein kinases are activated through a 
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kinase cascade known as the MAP kinase pathway. Basically, this pathway consists of 

three protein kinases that act in a module: a MAP kinase kinase kinase (MAPKKK or 

MEKK), a MAP kinase kinase (MAPKK or MEK) and a MAP kinase (MAPK) 

(Figure 2. I) (Gustin et aI. , 1998). 

MAP KKK 

1 
MAPKK 

1 
MAPK 

Figure 2.1: MAP Kinase module (Gustin et aI., 1998) 

Once this MAP kinase pathway is activated, the MAPKKK will phosphorylate 

the MAPKK. The MAPKK will in tum activate the MAPK through the 

phosphorylation process. Consequently, the activated MAP kinase will phosphorylates 

a variety of intracellular targets including transcription factors, transcriptional adaptor 

proteins and other protein kinases and thus the signals can be transmitted into the 

nucleus. One unique thing about MAP kinase is that they become activated only when 

both tyrosine and threonine residues are phosphorylated. 
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