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Abstract 
 

Sponges (Porifera) harbour diverse microorganisms which can be the potential 

source for microbial enzymes such as lipase. In this study, moderately halophilic 

lipase producing bacteria were isolated from sponges tissues collected near Balok, 

at Pahang coastal water. Out of 70 isolates that grew on tributyrin agar plate, only 7 

isolates had produced clear zones surrounding their colonies. Out of these, 5 isolates 

appeared to be gram-positive rod; meanwhile, the other 2 isolates were gram-

negative rod in morphologies. These isolates were subjected to several biochemical 

tests i.e., oxidase, gelatin hydrolysis, lactose fermentation, citrate and motility test, 

and 16S rRNA gene amplification and sequencing. The results from 16S rRNA 

sequencing showed that 2 isolates (NHTH 6B and NHTH 28A) were highly similar 

(>97%) with Paenibacillus illinoisensis; isolate NHTH 26A with Stenotrophomonas 

pavanii; and isolate NHTH 29A with Enterobacter aerogenes. Phylogenetic analysis 

on selected isolates (NHTH 6B, NHTH 26A, NHTH 28A and NHTH 29A) with other species 

from the database showed high bootstrap values of above 50%. This showed that 

diverse phyla of lipase producing bacteria were isolated from the sponge collected 

from Pahang coastal water. In the isolation of industrial important species, the 

presence of pathogenic group of microorganism in this sponge could indicate issues 

on water quality and safety in this area. 
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1.0  INTRODUCTION 
 

Sponges (Phylum: Porifera) has been the target for 

medicinal and bioactive compounds. It is one of the 

unique and interesting marine organism to be studied 

because of their potential industrial applications. 

Microbiologist have been fascinated with sponges 

because of their diversity, ancientness, ecological 

significance, production of bioactive metabolites 

and their interaction with microorganisms [1]. Despite 

sponges can be a useful source of novel 

compounds, most of the bioprospecting activities 

have been based on microbial organisms [2]. 

 

Extremophiles are diverse microorganisms that can 

be found in extreme conditions such as in thermal 

vent, Artic or Antarctic environment, deep seas or 

even in highly alkaline or acidic waters. These 

organisms produce enzymes that can withstand or 

stable under extreme conditions that may be suitably 

utilised in some industries. Since enzymes cannot 

withstand harsh industrial conditions, extremophiles 

has gained great attention due to the increasing 

demands for enzymes that can survive industrial 

conditions [3]. Halophile can be readily isolated from 

sponges and it can survive the high salinity 

environment of the ocean. Furthermore, it can 

produce various types of industrially important 
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hydrolases such as amylases, lipases and proteases 

[4]. Lipase (EC 3.1.1.3), a triacylglycerol hydrolase, is 

an example of useful industrial enzyme with various 

industrial applications, including biodiesel 

production, food flavoring, detergent industry, paper 

industry and cosmetic production [5]. The major 

commercial application of lipase is their use in 

laundry detergents [6].  

Sponge, an aquatic organism that survive the 

relatively saline seawater environment, is a potential 

hosts for halophilic bacterium. Salt tolerant 

microorganism can be isolated from sponges, and 

they can be a useful source for ‘salt tolerant’ lipase. 

Hence, this work reported on the isolation and 

characterization of sponge-associated lipase 

producing microorganisms. This strains could be the 

potential source for lipases useful in various industrial 

applications. In an attempt to isolate industrial 

important sppecies, this work also reported on the 

presence of some lipase producing pathogenic 

species in the area. 

 

 

2.0  EXPERIMENTAL 

 

Sponges from species Gelliodes sp. were collected at 

at Batu Pelindung, at Pahang coastal water nearby 

the Gebeng industrial area, 3 km north of Kuantan. 

Inner section of the sponge was cut into pieces using 

sterile scalpel and then rinsed with sterile buffered 

saline. About 10g of tissues were homogenized using 

pastel. Sample was then serially diluted with saline 

solution at 10-1, 10-2 and 10-3 dilutions. About100 µl of 

dilutions were spread on marine agar in duplicate 

followed by incubation at 28ºC, for 48 hours.  

For lipase test, the single colony from the spread 

plate was streaked on tributyrin agar plates using 

inoculation loop and incubated for 72 hours at 28ºC. 

Positive lipase-producing bacteria were determined 

by the formation of clear or “halo” zones surrounding 

the colonies on the tributyrin plate [7]. Isolates 

showing positive result were kept as glycerol stock for 

further analysis. Marine agar contained 1.0 g/L yeast 

extract, 5.0 g/L meat peptone, 0.1g/L Iron citrate, 

19.45 g/L NaCl, 3.24 Na2SO4, 0.16 g/L sodium 

bicarbonate, 0.004 g/L sodium silicate, 0.0024 g/L 

NaF, 0.008 g/L Na2HPO4, 1.8 g/L CaCl2, 8.8 g/L MgCl2, 

0.55 g/L KCL, 0.08 g/L KBr, 0.034 g/L SrCl, 0.0016 g/L 

NH4NO3, 0.022 g/L boric acid and 15 g/L agar. The 

media contained all the above components except 

for the agar. Tributyrin-marine agar media contained 

all the components used in marine agar but with the 

addition of 1% (v/v) tributyrin, which was 

homogenised before autoclaved. Selected strains 

were maintained on 80% (v/v) glycerol and 

morphological studies were carried using light 

microscope (Nikon) using standard gram staining 

protocol. Standard biochemical tests; oxidase, 

gelatin hydrolysis, lactose fermentation, citrate and 

motility tests were carried out on each selected 

strain. 

Genomic DNA was extracted using GF-1 Bacterial 

DNA Extraction Kit (Vivantis, Malaysia) carried out 

according to manufacturer’s manual. These were 

used as template for 16S ribosomal RNA gene 

amplification. A pair of primer (Integrated DNA 

Technologies, IDT Inc., USA) was used in which, the 

forward primer: rRNA_F_Tg_2014 F27 (5’- AGA GTT 

TGA TCC TGG CTC AG -3’) and the reverse primer: 

rRNA_R_Tg_2014 R1525 (5’- AAG GAG GTG ATC CAG 

CCG CA – 3’) [8]. The PCR reaction was carried out 

in 50µl volume reaction mixture containing 25µl of 

Taq 2x Master Mix (Vivantis, Malaysia), 1.0µl of each 

forward and reverse primer (0.5 µM), 3µl of DNA 

template (≈100ng) and 20µl of nuclease-free water 

making up the final volume of 50 µl. PCR was carried 

out using the thermocycler (Eppendorf, Germany) 

with the following regime: initial denaturation (94ºC, 4 

minutes) and 30 cycles denaturation (94ºC, 1 

minute), annealing (58ºC, 1 minute) and extension 

(72ºC, 1 minute). This was followed by a last step at 

72ºC for 7 minutes with final holding at 4ºC. The 

amplified product were purified and subjected to 

sequencing (1st Base (Malaysia) Sdn. Bhd.). The 

sequences were analyzed using Multialign tool 

software, and the (BLASTN) search tool was used, 

available on-line at http://www.ncbi.nlm.nih.gov. The 

phylogenetic tree was also generated using Software 

MEGA 2.1, using the neighbour joining method in 

which the Halobacterium salinarum rRNA gene was 

used as an out group. 

 

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Morphology and Biochemical Test 

 

Clear zone on tributyrin agar indicated the lipolytic 

activitiy. Colonies that were able to show clear zone 

on tributyrin agar plates, as shown on Figure 1, were 

selected. As shown on Table 1, isolates with label 

NHTH 6B, NHTH 26A, NHTH 27A, NHTH 28A, NHTH 29A 

NHTH 32B and NHTH 40A were selected. All samples 

(NHTH 6B, NHTH 26A, NHTH 27A, NHTH 28A, NHTH 29A 

and NHTH 32B, except for NHTH 40A) were found to 

be oxidase negative after 24 hours incubation. In 

gelatin test, all isolates except NHTH 29A were 

positive with gelatinase activities.  

In lactose fermentation test, isolate NHTH 29A and 

all other gram positive isolates (NHTH 27A, 32B and 

40A) formed pink coloration as lactose produced an 

acidic environment due to fermentation. Only isolate 

NHTH 26A showed lactose negative. Gram-positive 

isolates NHTH 28A and 6B showed no visible growth. 

On citrate test, NHTH 26A, NHTH 29A and NHTH 40A 

showed positive results while NHTH 6B, 27A, 28A and 

32B showed negative results. 
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Table 1 Summary of morphological and biochemical tests 

Note; ‘+’ indicates positive result, and ‘-‘ for negative result 

 

 

 
Figure 1 Positive isolates show lipase production as 

evidenced by the clear zone surrounding the colonies (left 

plate) while no clear zone was observed with negative 

isolates (right plate) 

 

 

3.2  Ribosomal rRNA Sequencing 

 

All 1.5 kb products (rRNA gene) were successfully 

amplified (Figure 2) and then sequenced, except for 

sample NHTH 32B which was failed to be sequenced. 

Sequences similarities were searched from NCBI 

Genebank database, and based on results shown on 

Table 2, the highest similarity of 99% were found for 

most sequences. Sample NHTH 27A and 40A however 

showed lower similarities (94%). Since, similarity lower 

than 97% threshold should be regarded as separate 

species [9], further identification for this two species 

are required. A phylogenetic tree was constructed as 

shown on Figure 3. 

Both isolates NHTH 6B and 28A have the highest 

similarity with Paenibacillus illinoisensis. The 

morphological and biochemical characteristics of 

these isolates (see Table 1) were consistent with the 

report on Paenibacillus illinoisensis. They are gram-

positive rod with motile peritrichous flagella that grow 

between 10 to 50ºC, at pH 4.5 to 9.0. Being slightly 

halophilic (2% NaCl), they showed positive on gelatin 

test, but negative on oxidase, citrate and lactose 

tests. Paenibacillus illinoisensis was previously 

belonged to Bacillus circulans Group 6. Later study 

revealed that they are genetically different and 

distinguishable from previously described species 

and a new name Paenibacillus illinoisensis was 

proposed [10]. Paenibacillus illinoisensis isolated from 

the soil sample from Kanto, Japan produced 

cyclodextrin glucosyltransferase (CGT-ase) that 

stable in organic solvents with the presence of lipase 

enzyme. This species were also reported to have 

potential biotechnological use such as biological 

control agent in plants infection [11]. Therefore, the 

presence of lipase from halophilic Paenibacillus 

illinoisensis NHTH 6B and NHTH 28A could be exploited 

for other biotechnological application. 

 

Figure 2 PCR products of 16S ribosomal RNA gene 

amplification electrophoresed on 1.0% (w/v) agarose gel 

Lane 1 to 7 contains sample from isolates. Lane M contains 

1 kb ladder marker (Vivantis, Malaysia). Arrow indicates the 

PCR products expected size of approximately 1500bp 

 

 

Isolate NHTH 26A showed the highest similarity to 

Stenotrophomonas pavanii. This is a gram-negative 

rod, non-spore former and nitrogen-fixing bacterium 

isolated from Brazillian sugar cane. This strain was 

slightly halophilic (0.7 to 3% NaCl) with growth 

temperature range of 20-37ºC, with pH 5 to 12 [12]. 

The species appeared positive on citrate and gelatin, 

but negative for oxidase and lactose tests. Consistent 

biochemical tests with the reported 

Stenotrophomonas pavanii was observed except for 

lipase production. However, a closely related species 

Stenotrophomonas maltophilia was reported to 

produce lipase [13]. Despite of this similarity, 

Stenotrophomonas maltophilia was negative for 

gelatinase test [14]. Further characterization on 

isolate NHTH 26A could confirm if it could be a new 

species. 

Isolate NHTH 29A showed the highest similarity with 

Enterobacter aerogenes (99%). This is a Gram-

negative motile rod, and a non-spore former [15]. It is 

ubiquitous and often found in marine, fresh water, 

sewage, soil and plants. They grow optimally 

between 20ºC to 37ºC, and showed positive on 

Isolates 

G
ra

m
 R

e
a

c
ti
o

n
 

O
x

id
a

se
 

G
e

la
ti
n

 

H
y

d
ro

ly
si

s 

La
c

to
se

 

Fe
rm

e
n

ta
ti
o

 n
 

C
it
ra

te
 

M
o

ti
lit

y
 

NHTH6B + - + - - + 

NHTH26A - - + - + - 

NHTH27A + - + - - + 

NHTH28A + - + - - + 

NHTH29A - - - + + + 

NHTH32B + - + - - + 

NHTH40A + + + - + + 



60                Tengku Haziyamin, Azzmer Azzar & Nurul Husna / Jurnal Teknologi (Sciences & Engineering) 77:25 (2015) 57–61 

 

 

lactose and citrate tests, but negative for oxidase or 

gelatin tests (see Table 1). Ent. aerogenes is a 

coliform found in marine environment polluted by 

domestic sewage and reported to present in large 

number in Tolo Harbour, Hong Kong [16]. The survival 

of Ent. aerogenes in seawater was affected by the 

underlying bottom sediments with higher 

concentration of organic nutrients. The possibility of 

the sampling site being polluted cannot be 

excluded. Moreover, the industrial or other activities 

near Gebeng area could be the source for 

discharge into the area. Both isolates NHTH 27A and 

NHTH 40A showed similarity with Pseudomonas spp. 

as supported also by biochemical tests. Since the low 

sequence similarity from 16S rRNA sequencing, both 

isolates should be subjected to further 

characterisation to re-evaluate their species identity.

 
Table 2 List of hit with the highest sequence similarity to the lipase-producing isolates from Sponges based on 16S ribosomal RNA 

sequence using BLASTN similarity searches 

 

 
Figure 3 Neighbor-joining phylogenetic tree of 16S rRNA gene from isolates NHTH 6B, NHTH 26A, NHTH 28A and NHTH 29A. The tree 

shows how these isolates radiate with other closely related sequences. The sequence of Halobacterium salinarum was used as an 

outgroup 

 

 

4.0  CONCLUSIONS 
 

The presence of moderately halophilic lipase 

producing bacteria from the sponge tissues was 

confirmed by the formation of the clear zones on 

tributyrin agar plates. The characterization of 7 lipase-

producing halophilic  

bacteria were determined based on morphological, 

biochemical studies and supported by molecular 

Isolates 
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(Hit sequence) 

 

 

 

 

 

 

 

NHTH 

6B 1478 

Paenibacillus illinoisens strain 

NBRC 15959 99 NR_113828.1 

 

 

 

 

 

NHTH 

26A 1470 

Stenotrophomonas pavanii strain 

LMG 25348 99 NR_118008.1 

 

 

 

 

 

NHTH 

27A 1200 

Pseudomonas hibiscicola strain 

ATCC 19867 94 NR_024709.1 

 

 

 

 

 

 

NHTH 

28A 1476 

Paenibacillus illinoisensis strain 

NBRC 15959 99 NR_113828.1 

 

 

 

 

 

NHTH 

29A 1469 Enterobacter aerogenes strain KCTC 2190 99 NR_102493.1 

 

 

 

NHTH 

40A 808 

Pseudomonas aeruginosa sp 

 94 NR_118644.1 
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identification. Five isolates (NHTH 6B, NHTH 27A, NHTH 

28A, NHTH 32B and NHTH 40A) were gram-positive; 

while two isolates (NHTH 26A and NHTH 29A) were 

gram-negative. Sequencing of 16S ribosomal RNA 

gene showed that out of all 7 isolates, 2 isolates 

(NHTH 6B and NHTH 28A) have the highest similarity 

(>99%) with Paenibacillus illinoisensis. These two 

isolates could be the potential sources for lipase that 

have great potential in biotechnological application. 

Meanwhile, isolate NHTH 26A was highly similar with 

Stenotrophomonas pavanii; and isolate NHTH 29A 

was with Enterobacter aerogenes. In contrast, NHTH 

27A and NHTH 40A showed similarity to Pseudomonas 

spp. (> 94%). In this work, moderately lipase 

producing halophilic bacterium isolated from a 

sponges (Gelloides sp.) are of from diverse genera 

such as Paenibacillus, Stenotrophomonas and 

Enterobacter. In view that some of these lipase 

producing species are also belonging to some 

pathogenic organism, as well as the presence of 

water contaminating bacteria such as coliform, the 

degree of water contamination and safety could be 

another area of concern, particularly at Batu 

Pelindung, Balok, Pahang. 
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