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Abstract—Xylanase is the key enzyme that involves in the 

hydrolysis of xylan, the main constituent of the complex 

hemicellulose of the plant cell wall. In this study, forty 

actinomycetes that were isolated from the sediment of 

Kuantan Mangrove Forest, Malaysia, were tested for their 

ability to produce extracellular xylanase. At least 15 isolates 

were able to degrade xylan in the primary agar-based 

screening on marine agar containing 0.1% (v/v) azo-xylan 

(Birchwood). The degradation of xylan was indicated by the 

formation of halo zone around the colonies and the clear 

zone index (CZI) was calculated as a ratio of the clearing 

zones to the colony size. Isolate K2-04 with CZI 3.35 ± 1.91 

was identified through 16S rRNA study as Verrucosispora 

sp. This isolate was further grown in marine broth and 

incubated at 30 °C, 200 rpm for 20 days. The growth of K2-

04 and the xylanase activity was measured at day 2, 4, 6,12 

and 18 respectively. The highest enzyme activity of the 

crude enzyme was recorded at day 18 (1.836 U/mL) and 

exhibited stability after 20 days storage at 4°C. This study 

serves as a preliminary study to characterize the properties 

of Verrucosispora sp. K2-04, rare actinomycete of Kuantan 

Mangrove Forest, Malaysia.  

 

Index Terms—marine Actinomycetes, xylanase, mangrove, 

Verrucosispora 

 

I. INTRODUCTION 

Peninsular Malaysia has approximately 0.11 million 

hectares (ha) of mangroves forest [1]. In the state of 

Pahang alone, there is a total of 4200 ha of mangrove 

forests [2]. Mangrove forests usually situated in between 

land and sea in tropical and subtropical latitudes which 

encompasses zones of estuaries, blackwater, delta, creeks, 

lagoons, salt pans, islands, marshes and mudflats [3], [4]. 

Sediment microorganisms including bacteria, fungi and 

actinomycetes play important role in the mangrove 

ecosystem as they are involved in the decomposition of 

organic matter and are critical for the cycling of nutrients 

and water [5]-[8]. The presence of rare actinomycetes has 

been described in different mangrove habitat [9], [10].   

Recent studies indicated the potential of marine 

Actinomycetes as producers of novel bioactive 

compounds, metabolites and industrial enzymes [11], 
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[12]. The ability of Actinomycetes of mangrove 

environment to withstand high salinity, extreme tides, 

strong winds, high temperature, muddy and anaerobic 

soils [3], [5], marked its potential use especially to 

produce industrial enzyme such as xylanase.  

Xylan is one of the major components in the complex 

hemicellulose which can be found in the secondary cell 

wall with cellulose and lignin [13], [14]. Xylanases are a 

widespread group of enzymes involving in the production 

of xylose, a major carbon source for cell metabolism. 

Microbial xylanase is sought after due to the demand for 

novel enzymes in several industries such as pulp and 

paper industry, biofuel industry, the pharmaceutical 

industry, food industry and agricultural industry [15], 

[16]. Among the actinomycetes, streptomyces group is 

considered economically important since 50-55% of 

known antibiotics are produced by this genus [17]. In fact, 

studies on xylanase from actinomycetes also concentrated 

on streptomyces group [18]-[20]. Therefore this study is 

intended to screen for xylanase activities of rare 

actinomycetes species such as Micromonospora, 

Verrucosispora, and Rhodococcus [17] from Kuantan 

mangrove forest. 

II. MATERIALS AND METHODOLOGIES 

A. Sample Collection and Isolation of Actinomycetes 

Sediment samples were collected from 7 sampling sites 

of Kuantan mangrove forest. Sediment samples were 

collected in sterile polythene bags in triplicate per site 

using sterile borer within an area of 100 m2, at a depth of 

0–30 cm. At the laboratory, the sediment samples were 

aseptically air-dried at room temperature for 7–10 days 

until the weight is constant before being ground using 

sterile mortar and pestle and sieved to remove large 

organic matters. Then the air-dried sediment samples 

were subjected to 2 pretreatment procedures, namely dry 

heat and wet heat treatment as described in [9].  

As for dry heat pretreatment, 1 g of air-dried sediment 

was heated at 120°C in hot air oven for 60 min. On the 

other hand, for wet heat pretreatment, soil suspension 

containing 1 g of dried sediment and 9 ml of sterilized sea 

water was heated in a water bath at 60°C for 20 min. 

Morphological differences among the isolates were 
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observed and isolates were selected to obtain a pure 

culture. Further, these isolates were subcultured on 

different media including Starch Yeast Extract agar 

(SYE), inorganic salt-starch agar (ISP4), starch-casein 

agar (SCA), Nutrient Agar (NA) and Marine Agar (MA).  

B. Primary Screening for Extracellular Xylanase  

40 samples of Actinomycetes isolated from Kuantan 

Mangrove Forest Reserve were inoculated onto MA 

plates containing 0.1% Azo-xylan (Birchwood) (v/v) to 

screen for extracellular xylanase activities. The plates 

were incubated at 30°C for eight days and monitored for 

halo formation surrounding the Actinomycetes colonies. 

The screening process was done in duplicate. The clear 

zone index (CZI) was measured by dividing the diameter 

of the halo zone surrounding each colony with the 

diameter of the colony: 

 

C. 16S rDNA Analysis 

Genomic DNA of isolates K2-04 was isolated using 

the MasterPure™ Gram Positive DNA Purification Kit 

(Epicentre Biotechnologies, United States of America) 

and subjected to 16s rDNA amplification. Bacterial 16S 

rRNA gene primers, Bac8F and 1492R were used and the 

purified PCR product was sent for sequencing at First 

Base Laboratory (Malaysia). The DNA sequences were 

analyzed in NCBI public database by using nucleotide 

blast (BLASTn) tool.). 

D. Inoculum Preparation and Submerged Fermentation 

Isolate K2-04 was grown in the 100 mL cotton-

plugged Erlenmeyer flasks containing 20 mL of 

ZOBELL’s marine broth (pH7.6, HIMEDIA) and 

incubated at 30°C for 48 hours with agitation at 200 rpm. 

The cultures in each flask were centrifuged at 9000 rpm 

for 20 min. Then, the pellet was washed several times and 

finally suspended in 20 mL of sterile KCl (20g/L). 

Twenty-one tubes of this cell suspension were prepared 

as inoculum for the latter submerged fermentation 

requirement described below.  

Twenty mL of the inoculum was added into 500 mL 

cotton-lugged Erlenmeyer flasks containing 180 mL 

sterile marine broth. The totals of 21 flasks were 

incubated on an orbital shaker at 200 rpm, 30°C. During 

day 2, 4, 6, 8, 10, 12 and 18 of incubation, three flasks 

were harvested each day respectively and labeled as 

replicate 1, 2 and 3. The cultures were centrifuged at 

9000 rpm for 20 min to obtain cell-free medium that 

served as a crude enzyme. The crude enzyme was 

transferred to a new tube for determination of xylanase 

activity. The pellet was dried at 65°C for 4 days and dry 

weight of the pellet was determined. 

E. Enzyme Assay 

The crude enzyme was diluted 50X into sodium 

phosphate buffer (100 mM, pH 6.0) and use as crude 

enzyme solution for the enzyme activity assay. 500 µL of 

crude enzyme were pre-heated to 40°C and added to 500 

µL of substrate solution (1 % (w/v) Azo-xylan 

birchwood). The solutions were mixed thoroughly with 

vortex stirrer and immediately incubated in a water bath 

(40°C) for 30 min. 2.5 mL of ethanol (95% v/v) was 

added to terminate the reaction. The tubes were held at 

room temperature for 5 min and then centrifuge 1000 g 

for 10 min. The supernatant solution was poured into 

spectrophotometer cuvette and the absorbance of blank 

and reaction solution was measured at 590 nm against 

water. The enzyme activities were recorded as the 

increase absorbance values over time. The reaction blank 

was prepared by adding 2.5 mL of 95% ethanol to 0.5 mL 

of substrate solution (1% w/v) and stirred vigorously for 

10 seconds. The enzyme activity was determined by 

referring the absorbance value of the sample to a standard 

curve provided by the substrate supplier (Megazyme, 

Ireland).  

III. RESULTS & DISCUSSIONS 

A. Potential Extracellular Xylanase Producers 

Fifteen out of 40 samples of Actinomycetes isolated 

from Kuantan Mangrove Forest Reserve showed halo 

formation on azo-xylan agar after 1-week incubation at 

30 °C. As illustrated in Table I, isolates K2-04, K2-06, 

K2-11, K2-14, K3-10, K3-13, K4-08, K4-18 and K7-06 

were the isolates that showed CZI more than 1.5, which 

indicated their potential as extracellular xylanase 

producer [21]. Isolate K2-04 had the highest CZI reading 

(3.35) followed by isolate K7-06 (3.00) and K3-13 (2.90). 

The growth of K2-04 was good on SYE but only sparse 

on ISP4, SCA, NA, and MA. K2-04 was observed as an 

orange-pigmented actinomycete, non-spore forming and 

did not produce any diffusible pigment on SYE, ISP4, 

SCA and NA and marine agar. Many of the members of 

the Micromonosporaceae produce carotenoid mycelial 

pigments which giving the colonies an orange to red 

appearance [22]. However, K2-04 did not exhibit the 

development of black or brown mucous mass of spores as 

of other Micromonospora-like colonies but have warty 

spore surface with increasing age. 

B. 16S rDNA Analysis 

Observation of the colony morphology suggested that 

isolate K2-04 may belong to the Micromonosporaceae 

family [23]. Therefore molecular identification was 

conducted to verify the preliminary classification. Results 

from 16s rDNA analysis indicated that K2-04 had highest 

sequence similarity to Verrucosispora gifhornensis HRI-2 

(99%). The members of genus Verrucosispora always 

showed morphological characteristics typical of the 

family Micromonosporaceae such as orange-pigmented 

Verrucosispora fiedleri [24], Verrucosispora maris [25], 

Verrucosispora wenchangensis [26] and Verrucosispora 

gifhornensis [27]. 

Micromonosporaceae strains have been isolated from 

diverse habitats including soil, sediments, fresh and 

marine water and known for their importance role as 

turnover of organic plant material [22]. Verrucosispora 

strains isolated from the marine environment were proven 
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to have the ability to hydrolyze xylan [25], [26]. On the 

other hand, Verrucosispora gifhornensis HRI-2 that was 

isolated from a peat bog near Gifhorn, Lower Saxony, 

Germany, was not tested on xylan but was negative for 

cellulose decomposition [27]. 

TABLE I. CZI OF 15 ISOLATES IN THE PRIMARY SCREENING OF 

ACTIVITIES ON MA PLATES CONTAINING 0.1% (V/V) AZO-
XYLAN (BIRCHWOOD) 

ISOLATE ID CLEAR ZONE INDEX 

K1-12 1.40 ± 0.14 

K1-20 1.30 ± 0.14 

K2-04 3.35 ± 1.91 

K2-06 1.90 ± 0.57 

K2-07 1.35 ± 0.07 

K2-11 1.70 ± 0.00 

K2-14 1.85 ± 0.21 

K3-04 1.40 ± 0.28 

K3-10 2.05 ± 0.35 

K3-13 2.90 ± 0.14 

K3-18 1.55 ± 0.21 

K4-08 1.65 ± 0.21 

K4-18 2.80 ± 1.70 

K5-09 1.55 ± 0.21 

K7-06 3.00 ± 0.42 

C. Enzyme Assay 

K2-04 growth was described as dry weight of culture 

biomass with time since an attempt to obtain absorbance 

for OD600 was not successful because K2-04 tend to 

forms aggregate and precipitate in marine broth. The dry 

weight of K2-04 biomass increased with time towards 

day 12 but decline drastically at day 18 (Fig. 1). On the 

other hand, the highest absorbance for measurement of 

xylanase activity was highest at day 18. According to 

[28], xylanase production is correlated with growth and 

the maximum xylanase activity was detected at the end of 

exponential growth phase. The growth for K2-04 based 

on dry weight only displayed exponential growth pattern 

and the highest absorbance for measuring xylanase 

activity was detected right before the decline of a dry 

weight of the cell biomass. The highest xylanase activity 

of K2-04 (day 18) in marine broth was 1.836 U/ml. 

Meanwhile, actinomycetes strain L2001 isolated from 

soil samples under decaying wood from China had shown 

815 U/ml of xylanolytic activity under partially optimized 

conditions. Evidently, there are many factors that affect 

the yield of xylanase including a suitable inductive 

substrate, media, optimize fermentation conditions, 

temperature and pH [29], [30]. It is expected that 

xylanase activity of K2-04 could be higher in the 

optimized culture condition. The enzyme also showed 

stability after 20 days storage at 4°C. 

 

Figure 1. The dry weight of K2-04 cell biomass and xylanase enzyme 
activity indicated by the increase of absorbance (OD590 nm) at different 

incubation time 

IV. CONCLUSION 

Strain K2-04, the orange pigmented actinomycete 

isolated from Kuantan mangrove forest sediment in 

Malaysia was molecularly identified as Verrucosispora sp. 

K2-04 While the capability of this isolate to produce 

xylanase is part of the important characterization of the 

rare Verrucosispora strain, further study of xylanase 

characteristic could ensure its interesting characteristic 

and marketability as a potential industrial enzyme.  
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