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Abstract
Actinomycetes are classified as saprophytes that play a significant role in the breakdown of organic matters into more readily assimilable nutrients. They are also known to produce a variety of secondary metabolites, which are useful for human, veterinary medicine and agriculture applications. The optimum growth conditions of actinomycetes isolated from mangrove environment at different temperature, pH and sodium chloride (NaCl) concentration were studied. The identification of the isolates by both biochemical test and 16S rRNA analysis was also done. All isolates were grown in ISP1 medium at different temperature (25, 30, 37 and 40°C); pH (3.5, 5, 7 and 9); and salt concentration (0, 3, 5 and 7% w/v). The optimum temperature for KMS1 and KMH2 isolates was at 25°C. However, the optimum temperature for PCS1 and PMH1A was at 30 and 37°C respectively. The optimum pH was pH7 and the most preferred NaCl concentration of all isolates was at 3% (w/v). All isolates showed negative result for carbohydrate fermentation except for KMS1 which showed utilisation of D-Fructose sugar with acid production. Only KMS1 and PCS1 exhibited amylolytic and proteolytic activity. The isolates were successfully identified as Streptomyces variabilis (KMS1), Streptomyces rubrolavendulae (KMH2), Streptomyces spp. CPE333 (PCS1) and Actinomycetales bacterium (PMH1A).
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Abstrak
Aktinomiset boleh dikelaskan sebagai saprofit yang memainkan peranan utama di dalam penguraian bahan organik kepada nutrien yang lebih mudah digunakan. Ia juga diketahui boleh menghasilkan beberapa metabolit sekunder yang berguna untuk manusia, perubatan veterinary dan aplikasi pertanian. Keadaan tumbesaran optima untuk aktinomiset yang dipencilkan daripada persekitaran paya bakau pada suhu, pH dan kepekatan natrium klorida (NaCl) yang berbeza adalah dikaji. Selain daripada itu, pengenalpastian aktinomiset menggunakan kedua-dua ujian biokimia dan analisa 16S rRNA juga dilakukan. Semua aktinomiset ditumbuhkan didalam ISP1 media pada keadaan yang berbeza iaitu suhu (25, 30, 37 dan 40°C); pH (3.5, 5, 7 dan 9) dan kepekatan garam (0, 3, 5 dan 7% w/v) untuk menentukan keadaan pertumbuhan yang optimum. Suhu optimum untuk KMS1 dan KMH2 ialah pada 25°C. Walau bagaimanapun, suhu optimum untuk PCS1 dan PMH1A adalah masing-masing pada 30 dan 37°C. pH optimum dan kepekatan NaCl untuk semua aktinomiset adalah masing-masing pada pH 7 dan 3% (w/v). Semua aktinomiset menunjukkan keputusan negatif ke atas penguraian karbohidrat kecuali KMS1 menunjukkan penggunaan gula D-fruktosa dengan penghasilan asid. Hanya KMS1 dan PCS1 menunjukkan aktiviti amilolitik dan proteolitik. Semua pencilan telah berjaya dikenal pasti sebagai Steptomyces varibilis (KMS1), Streptomyces rubrolavendulae (KMH2), Streptomyces spp. CPE333 (PCS1) dan Actinomycetales bacterium (PMH1A).

Kata kunci: 16S rRNA analisis, ujian biokimia, keadaan pertumbuhan, aktinomiset marin 

Introduction
Actinomycetes are aerobic, Gram positive bacteria containing high guanine-cytosine (G-C) range between 57-75% in their genome [1, 2]. They are filamentous like fungi which reproduced via spores [2] and also possessed true aerial hyphae [3]. Actinomycetes are ubiquitous and are widely distributed in natural ecosystem especially in soil, where they are predominant in dry alkaline soil [4].

Mangrove swamps are found in the littoral zone, the band between the sea and the land. The sea sludge contains a high concentration of nitrogen, phosphorus, and organic compound. These compounds are decomposed by the microorganism and being used as a source for plant growth. The mangrove soils are extremely high in salinity. Actinomycetes from mangrove soils are known to tolerate high concentration of salt [5].

The numbers and types of actinomycetes present in a particular soil would be greatly influenced by geographical location such as soil temperature, soil type, soil pH, organic matter content, cultivation, aeration and moisture content. As an example, Streptomyces spp. are predominantly found in lower pH soils whereas arid soils of alkaline pH contain fewer Streptomyces spp. and more of the rare genera, such as Actinoplanes spp. and Streptosporangium spp. [1].
The 16S rRNA gene sequence is a molecular technique to identify microorganisms up to species level. This method has been considered as one of the advanced tool at molecular level for identifying isolated actinomycetes. 16S rRNA analysis has facilitated the study of marine microbial populations without cultivation which has made quantitative assessment of microbial diversity now conceivable [6].

The aims of this study were to determine the optimum growth conditions of actinomycetes isolated from mangrove and to identification the isolates. Study on their growth characteristic is important to ascertain the optimum growth conditions of these isolates as it allows further research to be carried out in specific conditions that are preferable by each isolate in future study.

Materials and Methods
Sample Collection
Four marine actinomycetes isolates used in this study were obtained from Kuala Muda (Kedah), Pantai Cherating (Pahang), and Pantai Morib (Selangor).

Optimum Growth Conditions
Marine actinomycetes were grown in ISP1 broth for determination of the optimum growth conditions. The isolates were incubated at different temperatures which were 25, 30, 37 and 40°C. The optimal pH was determined by growing the isolates at pH 3.5, 5, 7 and 9. The isolates were grown at different salt concentration (0, 3, 5 and 7%) to determine the optimal sodium chloride concentration.

Biochemical and Enzymatic Test
The biochemical tests were performed as traditional method for identification. The test includes carbohydrate utilisation as well as enzymatic properties including amylase and protease test. Carbohydrate utilization was performed by using 10% (w/v) of carbon sources. Amylase and protease test were performed using starch agar and skim milk agar respectively.

16S rRNA Gene Sequence Analysis
[bookmark: _GoBack]The genomic DNA of isolates was extracted using DNeasy Blood and Tissue Kit (Qiagen, Germany). The 16S rRNA was amplified using universal primers F27 and R1492 [12]. The expected size from PCR amplification was 1400-1500bp[7].  The reaction mixture (50µl) contained 1 × PCR buffer, 3.0 mM MgCl2, 0.25 mM dNTP, 1.0 µM of each primer, 1.25 U Taq polymerase and 4.0 µl DNA templates. The amplification was performed under the following conditions: initial denaturation at 94°C for 4 minutes; 30 cycles of 94°C for 1 minute, 56°C for 1 minute, and 72°C for 2 minutes; and final cycle at 72°C for 10 minutes. All PCR products were visualised using agarose gel electrophoresis. The purification of PCR products were done using QIAquick PCR Purification Kit (Qiagen, Germany). The full sequences of 16S rRNA genes were compared to sequences in the NCBI genebank database from BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) for the identification of the isolates.

Results and Discussions
Optimum Growth Condition
The determination of optimum growth conditions was done using dry weight measurement taken daily for seven days. Figure 1 showed the optimum growth for KMS1 and KMH2 isolates were at 25°C. However, the optimum growth for PCS1 and PMH1A was at 30 and 37°C respectively. The lowest temperature growth condition for KMS1, KMH2, and PCS1 was at 40°C. However, the lowest temperature growth condition for PMH1A was at 25°C. Temperature is known to give effect to the metabolism and growth of bacteria [8]. As the temperature rise, the rate of chemical reaction also increases. At some point, the growth rate does not increase as temperature rises. This is due to denaturation of proteins as the peptide bond begins to break down from their tertiary and quaternary structure [9].
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Figure 1. Growth of marine actinomycetes at different temperature

Based on the different pH growth medium, all four isolates showed optimum growth at pH 7. As shown in Figure 2, different pH medium would give a significant effect to the growth rate of actinomycetes. This is similar to the optimum pH for growth of Streptomyces sp. isolated from Bay of Bengal, India as reported by [10]. The lowest growth rate of marine actinomycetes was observed at pH 3.5 which is acidic. Changes in pH can cause enzymes and proteins denaturation. In addition, the changes can also be interrupted with pumping of H+ ions at the cell membrane [11]. 
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Figure 2. Growth of marine actinomycetes at different pH medium

The optimum concentration of NaCl for all isolates was at 3% (w/v) as depicted in Figure 3. According to [9], the optimum concentration of sodium chloride for growth of marine actinomycetes isolated from Goa and Maharashtra coastlines (west coast of India) was at 3.5% and these were also reported for the four isolates in this study. Salt is important for bacterial growth in order to maintain the water activity and osmotic pressure of the medium for water molecule movement across the bacterial cell [12]. Even though marine actinomycetes can grow without salt, they usually showed the lowest growth rate. This is because Na+ ions are important for their membrane transport system to maintain high intracellular potassium concentration for functioning of enzymes [11].
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Figure 3. Growth of marine actinomycetes at different concentration of NaCl

Biochemical and Enzymatic Test
The purpose of carbohydrate fermentation was to determine the ability of actinomycetes to utilize various sugars. Carbohydrate fermentation test on isolated marine actinomycetes showed non-acid production except for KMS1 which exhibited positive result on D-Fructose sugar as shown in Table 1. As compared to study by [13], 20 marine actinomycetes isolated in their study utilised glucose and almost 80% showed positive result on arabinose, sucrose, xylose, innositol, mannitol, fructose, rhamnose and raffinose sugar. The non-acid production was probably because of prolonged incubation (longer than 48 hours), that caused oxidation and produced false neutral or alkaline reactions. This is due to enzymatic action on substrate other than carbohydrate in the medium [12].

Table 1. Utilisation of carbon source by marine actinomycetes

	
	KMS1
	KMH2
	PCS1
	PMH1A

	D-Glucose
	-
	-
	-
	-

	D-Fructose
	+
	-
	-
	-

	L-Arabinose
	-
	-
	-
	-

	D-Mannitol
	-
	-
	-
	-

	D-Xylose
	-
	-
	-
	-

	Sucrose
	-
	-
	-
	-



The purpose of physiology and enzymatic tests was to determine the presence of enzymatic reaction in actinomycetes by observing distinctive characteristics in the specific medium. Bacteria which hydrolysed starch were known to produce exoenzyme amylase. These exoenzyme amylases hydrolysed starch into short polysaccharide known as dextrins and cleave it into di- and monosaccharide [12]. All isolates showed amylolytic activity except for KMH2. On the other hand, all isolates produced protease enzyme except for PMH1A. The results of proteolytic and amylolytic activity are shown in Table 2 in the same way as reported by [14], all marine actinomycetes isolated from Bay of Bengal possessed proteolytic and amylolytic activity.

Table 2. Physiology and enzymatic properties by marine actinomycetes

	Isolates
	KMS1
	KMH2
	PCS1
	PMH1A

	Enzymatic Test
	
	
	
	

	Amylase Test
	+
	-
	+
	+

	Protease Test
	+
	+
	+
	-



16S rRNA analysis
16S rRNA gene sequence analysis was used to support the conventional method in identifying the marine actinomycetes. The nucleotide sequences were compared in BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) for the identification of the isolates. Table 3 shows the identification of marine actinomycetes according to the NCBI genebank database.

Table 3. Identification of marine actinomycetes

	Sample
	Similar species
	Identity (%)
	Accession number

	KMS1 
	Streptomyces variabilis strain xsd08042
	99
	EU918719.1

	KMH2 
	Streptomyces rubrolavendulae strain MML2003
	98
	KF542657.1

	PCS1 
	Streptomyces spp. CPE333
	93
	JN969024.1

	PMH1A 
	Actinomycetales bacterium AA1541
	95
	JQ924083.1



Conclusion
As a conclusion, this study has demonstrated the best optimal growth conditions for 4 actinomycetes isolated from 3 different mangrove locations in Malaysia. The optimum growth temperature for KMS1 and KMH2 was at 25°C whereas for PCS1 and PMH1A was at 30°C and 37°C respectively. The optimum pH and sodium chloride concentration for growth of all isolates were at pH 7 and 3% (w/v) respectively. This study had successfully identified based on 16S rRNA gene sequence analysis of all four isolates i.e. KMS1 as Streptomyces variabilis (99% similarity), KMH2 as Streptomyces rubrolavendulae (98% similarity), PCS1 as Streptomyces sp. (93% similarity) and PMH1A as Actinomycetales bacterium (95% similarity).
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