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ABSTRACT 

Agarwood, or gaharu in Malaysia, is one of the traditional woods that is highly demanded by the world 
market population. It is widely used in the production of medicine, perfume, and incense. The production of 
agarwood is occurred due to fungal infection on agarwood tree. Over the years, scientists found out that this 
agarwood has antimicrobial compounds which believe to give an immune response towards the infection. 
Therefore, the purpose of this project is to isolate the endophytic fungi that can produce secondary 
metabolites for antimicrobial activity from agarwood. Samples were surface sterilized in order to isolate the 
endophytic fungi . The samples were grown on potato-dextrose agar (PDA) to get the pure isolate. Eleven 
pure isolates obtained were expected to belong to five species, namely Trichoderma harzanium, Trichoderma 
reesei, Trichoderma spp., Beauveria bassiana, Botryodiplodia theobromae, and one unknown species. The 
confirmed endophytes were analysed by polymerase chain reaction (peR) amplification targeting on the ITS
rRNA region and sequencing to establish their identity. A further study on the screening of endophytic fungi 
should be carried out in order to find out the-potential metabolites produced for novel antimicrobial drug 
manufacture. 

Keywords: agarwood, Aquilaria spp., endophytic fungi, ITS-rRNA 

ABSTRAK 

"Agarwood" atau dikenali sebagai gaharu di dalam Malaysia merupakan satu kayu tradisonal yang 
mempunyai permintaan yang tinggi di seluruh dunia. Gaharu digunakan untuk menghasil ubat-ubatan, 
minyak wangi dan kemenyan. Gaharu dibentuk melalui jangkitan kulat di dalam pokok gaharu. Para saintis 
mendapati hahawll gaharu ini lI1empunyai sehatian ul/timikroh yang dipercllyai dopat memberi tindak balas 
pertalwnall badan terhat!apjangkitan. OleII itll, tl1iwlIl projek ini adalall ulltuk mellgasingkall kulat elldojitik 
yallg boleh menglrCtsilkan metabolit sekunder untllk aktiviti antimikrob daripada gaharu. Pel'lnllkaall sampel 
disterilkan untllk mengasingkan kulat endojitik. Sampel telah ditanam di alas kentang-dextrose agar (PDA) 
untllk mendapatkal/ pellcilan tlllen. Sebelas pencilan tulen diperolehi d[iangka tergolong dalam lima spesies, 
iaitll Trichoderma harzaniwn. Tl-ichoderma reesei, spesies Trichoderma, Beauveria hassicllla, 
Botl}'odiplodia theobromae. dan saW spesies yang tidak diketa/wi. EI/dojitik disahka/l adalah menjalani 
til/dak balas rantai polimerase (peR) penguatan mensasarkall kepada rmltau ITS-rRNA dall penjl!illkan 
untllk menllbuhkan ielentiti mereka. Satll k(!iian lalljlltan mengenai pemeriksaan kulat endajitik perlu 
dijalankan untllk mel/cari metabolit yang be1l)otensi dalam peng/zasi/an ubat antimikrob yang bUrII. 

Kata kunci: Gahal"/l. Aqllilaria spp.. klllat elldofitik. IT.'i-rRNA 
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1.0 Introduction 

Agarwood, also known as gaharu in Malaysia is a traditional and historical wood that has 

been used by the Egyptians up to 3,000 years (Persoon, 2007). It is an aromatic substance 

that derived from the heartwood of Aquilaria species. The production of agarwood can 

occur either through pathological/wounding processes or fungal infection (Barden et al., 

2000). Barden et al. (2000) claimed it is impossible to know whether the Aquilaria tree is 

being infected by judging the outside and not all Aquilaria tree can produce agarwood. So, 

to find out whether a tree is infected, the tree has to be cut (Persoon, 2007). 

Agarwood in the form of incenses is widely used by the Buddhism for cultural and 

rituals activity (TRAFFIC, 2004). Its market values also focus on novel antibiotics and 

perfumes for daily use. Due to its high market value, the demand for agarwood increases 

and thus, Aquilaria trees are heavily harvested for commercial. This causes the available 

Aquilaria trees to be decreased aggressively and being listed as "endangered" species in 

both CITES and IUCN Red List (TRAFFIC, 2004; IUCN, 2014). 

In recent years, scientist realized that plant can be served as the storehouse for 

endophytes. These endophytes have the ability to synthesize antimicrobial compound when 

exposed to infection (Bhore et al., 2011; Bhore et al., 2013). Endophytes are potential 

antimicrobial agents and there are more endophytes from agarwood that are yet to be 

discovered. Ther~fore, an examination of endophytes from agarwood and analysis of their 

antimicrobial activity are necessary. This can helps researchers in new drugs discovery 

with better antimicrobial activity to be found. 

The objective of this research is to isolate endophytic fungi that have the potential 

to induce antimicrobial activity with respect to specific bacteria and fungi. 
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2.0 Literature Review 

2.1 Agarwood 

Agarwood is resinous heartwood that is fragrant which produced from genus Aquilaria 

(family Thymelaeaceae). Agarwood also known as eaglewood, aloeswood, gaharu in 

Malaysia and krissana in Thailand which is highly valuable and widely used to produce 

traditional medicines, perfumes and incense mainly in Asia (Kamonwannasit et al., 2013). 

Fungal infection on the agarwood tree is the main reason of resin production. It is also 

believed that through pathological or wounding processes, resin can be produced (Persoon, 

2007; lung, 2011). 

Not all Aquilaria species can produce agarwood, only one-tenth Aquilaria species 

can produce with the condition of twenty centimetre diameter at breast height (dbh) 

(Barden et al., 2000). According to lung (2011), heartwood that is in healthy condition 

does not have any odour, soft, even-grained, and comes with whitish yellow colour. An 

. 
infected Aquilaria tree does not show any sign or symptom of infection and it can only be 

found out by cutting the Aquilaria tree trunk (Persoon, 2007; lung, 2011). Past research 

has identified that production of resin is considered as the defence system that react 

towards fungi infection. The inner wood area in response to its immune reaction grows 

with irregular streaks patches associated with dark fibres (lung, 2011). As a result, it is 

identifiable with thl;lt dark resinous section when a trunk is cut. 

There are three principal uses for agarwood: medicine, perfumes and incense. Back 

to thousand years, agarwood is used as traditional East Asia medicines which promote the 

flow of qi, pain releasing, stomach warming to avoid vomiting and asthma releasing 

(Barden et al., 2000). In Malaysia, natives mixed agarwood with coconut oil and boiled 

concoction to treat rheumatism (Barden et al., 2000). Agarwood perfumes made by using 
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various grades and seldom exist in pure agarwood oil as people commercialise agarwood 

perfumes with the addition of alcoholic or non-alcoholic carrier. Oftenly, agarwood 

perfumes are offered during special festivals such as marriage festivities (Jung, 2011). 

Agarwood incense is an element that important for religious occasions whereby Buddhists 

burned it to produce pleasant aroma (TRAFFIC, 2004). In addition, pharmacological 

studies proved that agarwood involving biological activity such as analgesic activity, 

antifiammatory, antimicrobial, antioxidant and anticancer activity, and wound healing 

properties (Chen et al., 2011; Hashim et al., 2012; Jazeela, 2014; Dahham et al., n.d.). 

2.2 Aquilaria species 

Aquilaria species can be found in Southeast Asia including Cambodia, Indonesia, Laos, 

Malaysia, Papua New Guinea, Thailand, and Vietnam as the main producing countries 

(Persoon, 2007). There are fifteen species found in genus Aquilaria and among them eight 

are known to produce agarwood. These agarwood-producing Aquilaria species are 

Aquilaria agallocha, A. beccariana, A. crassna, A. hirta, A. malaccensis, A. microcarpa, A. 

sinensis, and A. subintegra (Barden et al., 2000; Bhore et al., 2013; Hashim et al., 2014). 

Among these eight species, A. malaccensis is the main producers of agarwood in Malaysia. 

Aquilaria species belongs to the family Thymelaeaceae. It is distributed mostly in 

Peninsular Malaysia but rarely found in East Malaysia (long et al., 2014). It is found on 

the sandy clay so}l in lowland and on hillsides (200-750 m altitude) with temperature 

below 32°C but higher than 14 °C (Jazeela, 2014). It can grow up to 40 m tall associated 

with 60 cm diameter, young bark comes with light brown colour and older bark is whitish 

in colour (lazeela, 2014). 

Aquilaria speCIes were listed as endangered speCIes In Appendix II of the 

Convention on International Trade in Endangered Species of Wild Fauna and Flora 
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(CITES) (CITES, 2014). Moreover, there are seven specIes of Aquilaria genus being listed 

as "Vulnerable" including Aquilaria malaccensis and two species listed as "Critically 

Endangered" under The IUCN Red List ofThreatened Species (IUCN, 2014). 

2.3 Endophytic Fungi 

Endophytic fungi are ubiquitous in most of the plant species. The words endophyte and 

endophytic fungi have been existed for the past 30 years and frequently used in 

mycological field to explain the internal mycota of plants. As mentioned earlier, 

endophytes infection on healthy plant tissues are symptomless (Persoon, 2007; Jung, 2011). 

In a widest sense of understanding, endophytic fungi are defined as fungi that colonize 

living healthy plant tissues with no immediate and adverse effects occurred in that 

particular plant (Hirsch & Braun, 1992). Usually, endophytes infect both grass and non-

grass host and a comparison of endophytes characteristic happened in grass and non-grass 

host are shown in Table 1. 

Table 1: Comparison of characteristics ofendophtyes occurring in grass and non-grass hosts. 

Endophtyes of grass hosts Endophtyes of nongrass hosts 

Few species, Clavicipitaceae 
Extensive internal colonization 
Occurring in several host species 

Systemic, seed transmitted 
Host colonized by only one species 

Many species, taxonomically diverse 
Restricted internal colonization 
Most species with limited host 
species 
Nonsystemic, spore transmitted 
Hosts infected by several species 
concurrently 

(Source: Stone et ai., 2012) 

According to Stone et al. (2012), forest pathologist used to report fungi as 

endophytic fungi by means of minor pathogens that can cause infection in living plant 

tissue. Commonly, scientists classified fungi into three categories either in healthy plant or 

infected plant, known as, endophytes, facultative pathogens and latent pathogens (Stone et 
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al., 2012). Fungi that classified under endophytes described the endophytic characteristic 

that show lengthen, not visible in growth and temporary death of colony, however continue 

after changes occurred in the host especially physically (Stone et al., 2012). A more 

organized and detailed investigation need to be carried out in order to know the exact taxa 

and species of fungi because endophytic infection are inconspicuous, and therefore high 

species diversity will be found. 

Identification of endophtyic fungi can be carried out through microscopic 

examination of host tissue however taxonomic expertise are highly required. This is 

especially needed for pure culture isolates that are unable to produce spores or exhibit an 

identifiable structures under microscopic examination. Also through characterization of 

internal transcribe space of ribosomal RNA, identity of endophytic fungi can be revealed. 

Another way in identifying the non sporulate fungi is through ribosomal DNA (rDNA) 

gene sequences comparisons that gives a better understanding from the view of 

phylogenetic mapping (Guo et al., 2000, as cited in Stone et aI., 2012). 
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3.0 Materials and Methods 

3.1 Source of materials 

3.1.1 Chemical materials 

Potato-dextrose agar (PDA) (potato 200 g, glucose 20 g, and agar 15 g in 1 L of purified 

water )(Merck KgaA, Germany), potato dextrose broth (potato 200 g and glucose 20 g in 1 

L of purified water) (Himedia Laboratories India), Tris HC1, EDTA, NaC1, SDS, ddH20, 

potassium acetate, isopropyl, TE buffer. 

3.1.2 Agarwood sample materials 

Agarwood samples were obtained from Baram and Kota Samarahan area. The samples 

were labelled, transported to the laboratory and kept at 4°C before further analysis. 

Figure 1: Three cuts of agarwood samples in each potato dextrose agar medium. 
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3.2 Surface sterilization of agarwood samples 

The standard procedure for isolation and identification of endophytic fungi described by 

Cui et al. (2011) was used with some modification. Briefly, agarwood samples were cut 

into small pieces about 5 mm x 5 mm x 5 mm before surface sterilization. Each sample 

was washed with sterile water and soaked for two minutes, surface disinfection by soaked 

into 2% sodium hypochlorite for ten minutes, followed by 70% ethanol for one minute and 

lastly washed with sterile water for 5 times. Figure 2 shows the preparation needed for 

surface strerilization of agarwood before isolation ofendophytic fungi can be taken. 

Figure 2: Preparation of surface sterilization agarwood and isolation of endophytic fungi from agarwood. 
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3.3 Isolation of endopbytes 

Surface sterilized samples were placed on plates with potato-dextrose agar (POA) medium 

and incubated for seven days at 29 DC. Each colony that grown from the stem was 

subcultured on POA plate until a pure isolate was obtained. For each sample type, two 

plates were prepared to grow five replicates to maximize the growth of different possible 

endophytes and the isolates were incubated again at 29 DC for seven days. Figure 3 shows 

the endophytic fungi grown on POA. 

Figure 3: Endophytes grown from cultivated wood sample. 

3.4 Identification of endopbytes 

3.4.1 Fungal DNA extraction 

The procedure J) f extraction described by Liu et al. (2000) is used with some modification. 

A total volume of 500 ,.d solution made ofTris-HC1, EOTA, NaCl, SOS, and ddH20 were 

mixed in each l.5 ,.d Eppendorftube. Mycelia were carefully obtained from the surface of 

POA culture and disrupted into the solution mentioned above. Tubes were left at 25 DC for 

10 minutes. 150 III of potassium acetate were added into each Eppendorf tubes, vortexed 

and spinned at 13,000 rpm for 1 minute. Then, supernatant was transferred and centrifuged 

again at the same rate, 13,000 rpm for 1 minute. Once again supernatant was transferred 
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and an equal volume of isopropyl was added and mix by inversion. The tubes were 

centrifuged again at 12,000 rpm for 2 minutes and supernatant was discarded. White pellet 

was obtained and washed with 300 ul of 70% ethanol. The tubes were centrifuged again at 

10,000 rpm for 1 minute. Supernatant was discarded and leave the tubes air dried. Finally, 

DNA pellet was dissolved in 50 III ofTE buffer. 

3.4.2 peR amplification for ITS region 

The PCR amplification procedure as described by Cui et al. (2011) was used with some 

modification applied. Five III lysate were used in polymerase chain reaction (PCR) to 

amplify ITS-rRNA region. The PCR amplification was carried out in a total volume of 25 

Ill. The forward primer ITS 1 and reverse primer ITS4 were used. The PCR master mix 

buffer was prepared as shown in Table 2. Table 3 shows the PCR condition that were set 

according to Liu et al. (2000) while Table 4 shows the step cycle, temperature and duration 

needed for PCR amplification. 

Table 2: The nucleotide sequence and the amplicon of the peR primers. 

Primer Design Sequence (5' to 3') Expected Amplicon Size 

ITS 1 5' TCC GTA GGT GAA CCT TGC GG 3' 600 bp 

ITS 4 5' TCC TCC GCT TAT TGA TAT GC 3' 600 bp 
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Table 3: The volume of master mix used for PCR amplification. 

Components Volume ("I), IX 

ddH20 lOA 

dNTP,10mM 0.8 

Forward Primer (ITS 1), 10 IlM 1.0 

Reverse Primer (lTS4), 10llM 1.0 

MgCh, 25 mM 1.5 

DNA 5.0 

5x Green GoTaq ® Flexi buffer, 5 u/1l1 5.0 

GoTaq ® Flexi DNA Polymerase, 5 u/lll 0.3 

Total 25.0 

Table 4: Step cycle, temperature and duration needed for PCR amplification. 

Step Cycle Temperature (OC) Duration (minute) 

Initial denaturation 94 2 minutes 

Denaturation 94 1 minute 

Annealing 53 1 minute 15 seconds 40 cycles 

Extension 72 1 minute 

Final Extension 72 5 minute 
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3.4.3 Agarose gel electrophoresis 

Agarose gel electrophoresis was conducted by using 1 % (w/v) agarose powder (Promega, 

USA) with 50 ml of Tris-borate-EOT A (TBE) buffer and stained with 1 ~l of Ethidium 

bromide (EtBr). 5 ~l of the PCR products were taken and loaded into the well of agarose 

gel. 3 III of 100 kb Promega DNA ladder and 1 III of ON A loading dye were used together 

as the ladder. The current applied was 90 V with 200 rnA for 40 minutes. After the agarose 

gel electrophoresis, the gel was viewed under UV Transilluminator. 

3.4.4 ITS-rRNA gene sequencing 

3.4.4.1 DNA Purification from Gel using QIAquick ® Gel Extraction Kit (Qiagen) 

The agarose gel electrophoresis was carried out with the same method but replaced the 

volume ofPCR product loaded into the well with 20 III and no DNA ladder was needed. 

The DNA fragments were excised from the agarose gel on the UV Transilluminator by 

using a clean and sterile scalpel and tran.sferred respectively to 1.5 ml sterile centrifuge 

tubes. 300 III of QG buffer was added to the gel slice in each of the tube followed by 

water bath at 50°C for 15 minutes until the gel slice completely dissolved. Next, 100 III 

of the isopropanol was added to the tubes and flicked to mix well. The mixture were 

transferred to the EconoSpin ™ spin columns and centrifuged at 1 0,000 rpm for 1 minute. 

The supernatants obtained were discarded and 500 III of the QG buffer was added to the 

tubes followed by centrifugation at 10,000 rpm. for 1 minute. The supernatants were 

discarded again and 750 III of the PE buffer was added to the tubes followed by 

centrifugation at 10,000 rpm for I minute. The supernatants were discarded again and the 

remaining supernatant was removed completely by carried out centrifugation at 10,000 

rpm for 1 minute. The EconoSpin ™ spin columns were transferred to the new 2.0 ml 

centrifuge tubes. 50 III of EB buffer were added to the centrifuge tubes and left aside for 1 
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minute to elute the DNA. The centrifuge tubes were centrifuged at 10,000 rpm for 1 

minute and the EconoSpin™ spin columns were discarded. The remaining supernatants in 

the centrifuge tubes were kept in the fridge at 4 °C for rRNA gene sequencing process. 

3.4.4.2 Gene Sequencing 

The purified PCR product were sent to 1 st Base Laboratories in Malaysia for sequencing. 

Strands of amplified ITS-rRNA region were sequenced using ITS 1 and ITS4 primers as 

mentioned earlier. Forward and reverse RNA strand sequence was obtained and aligned by 

using Basic Local Alignment Search Tool (BLAST) (b12seq) program which is available 

from National Centre for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov). 

3.5 Microscopic Examination 

Pure isolated endophytic fungi were undergone microscopic examination. The growth of 

each endophyte colony were carefully observed, starting from day three till day five, and 

one week of endophyte subcultured on PDA. Macroscopic observation was carried out and 

classified under isolates similarity and microscopic examination was carried out to find out 

their morphology for identity identifying. Fungi mycelia were carefully sliced out from the 

surface of agar to avoid damage of mycelium and prevent agar taken. Slides were prepared 

and labelled accordingly, and each sliced fungi mycelia was placed on top of the slide, put 

few drops of lactophenol blue to stain the sample, and finally covered the top of samples 

with a cover slip. Cover slip must be placed c"orrectly and avoid any bubbles presented. 

Compound microscope was used to observe the morphology of endophytes with 

magnification of 40X and 100X. Morphological characteristic of endophytes under 

microscope were hyphae and conidia. Pictures of isolated endophytes were captured by 

using a digital camera for documentation and further identification. 
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4.0 Results 

4.1 Morphological description of endophytic fungi 

SI 3.1.1 

The growth of SI_3.1.1 were rapid. The colour of the surface and reverse plate were 

greenish white and creamy white, respectively. Isolate S 1_3.1.1 showed greenish dots 

concentrated at the middle layer and white cotton mycelia covered the edge of PDA plate. 

Mass of hyphae grown and conidiophores were observed under microscopic examination. 

The isolate was expected to be Trichoderma sp. Figure 4 shows colony on PDA and its 

conidia. 

Figure 4: Isolate Sl_3.l.l, (a) Isolate colony on PDA (b) Reverse plate (c) and (d) Conidia 
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S2 1.3.1.1 


Figure 5: S2_2.1.1.1, S2_1.2.1.2 and S2_1.3.1.1 showed similar macroscopic examination with SI_3 .1.I , (e) 
SI_2.5.1 colony on PDA (f) Reverse plate (g) SI _5.2.1.1 colony on PDA (h) Reverse plate (i) 

S2_1.3.1.1 colony on PDA (j) Reverse plate 
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S2 4.1.1.1 

Isolate S2 _ 4.1.1.1 showed a rapid growth and achieved full plate within five days. The 

surface and reverse plate observed were whitish-green and yellowish white respectively. 

Within seven days of culturing, S2_4.1 . 1.1 showed cottony surface to a compact surface 

with green colour. Through microscopic examination, the presence of hyphae, 

conidiophores and phialides were observed . The isolate S2 _ 4.1.1.1 was suspected to be 

Trichoderma harzianwn. Figure 6 shows isolate S2 _ 4.1.1.1 on PDA and its conidia growth. 

Figure 6: Isolate S2 _4.1.1.1, (a) Isolate colony on PDA (b) Reverse plate (c) and (d) Conidia 
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SC 1 1 

The growth of isolate SC 1_1 was slow as it took more than seven days to reach full plate. 

There are green surface observed around diameter ofPDA plate with an empty centre. The 

colour ofsurface and reverse plate shown greenish cottony and whitish brown respectively. 

Mass of spores and hyphae were observed by using microscopic examination. The fungi 

isolated were expected to be Beauveria bassiana. The pictures of the isolate SC I_Ion the 

PDA and its conidia are shown in Figure 7. 

Figure 7: Isolate SC I_ I, (a) Isolate colony on PDA (b) Reverse plate (c) and (d) Conidia 
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