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Abstract. Maharsiwi W, Astuti RI, Meryandini A, Wahyudi AT. 2020. Screening and characterization of sponge-associated bacteria from 
Seribu Island, Indonesia producing cellulase and laccase enzymes. Biodiversitas 21: 975-981. Exploration of new enzymes from an 
extreme environment is important to improve industrial efficiency. This study aimed to get sponge-associated bacteria from Seribu 

Island with the capability to produce cellulase and laccase. These enzyme activities were indicated by the clear zones on CMC medium 
for cellulase and the reddish-brown zone on Guaiacol medium for laccase. About 100 of sponge-associated bacteria have been isolated 
from 5 marine sponges used SWC and NA modified media. As screened, one isolate (AGN89) could produce both enzymes and 11 
isolates could produce cellulase. Quantitative analysis was performed using the DNS method and obtained the activities of 4 best 
cellulolytic isolates ranged from 0.04-0.06 UmL-1 and 0.70-1.18 UmL-1 in enzyme and specific activities, respectively. Gene-based 
determination for the isolate producing laccase resulted in a ±1100 bp amplicon fragment which identified as multicopper oxidase 
family protein. Based on the 16S-rRNA gene, AGN89 and these 4 cellulolytic isolates were identified as Pseudomonas luteola strain 
NBRC 103146, Bacillus aerius strain 24k, Pseudomonas aeruginosa strain DSM 50071, Mycobacterium maritypicum strain DSM 

20578, and Brachybacterium conglomeratum strain J 1015. This result suggests that the sponge-associated bacteria from Seribu Island 
could become new enzymes producer for further applications in industry. 

Keywords: 16S-rRNA, marine, cellulase, laccase, sponge-associated bacteria 

INTRODUCTION 

Cellulase and laccase have important roles in many 

industrial fields. As a hydrolysis enzyme, cellulase is 

widely used in various industries such as pulp and paper, 

textile, food and feed industry, brewing, and agriculture 
(Kuhad et al. 2011). Meanwhile, laccase is an enzyme with 

a very wide range of substrates and widely applied in many 

fields including decolorization of dyes, bleaching in the 

pulp and paper, chemical remediation, and synthesis of 

organic matter (Piscitelli et al. 2010). More importantly, 

these two enzymes also can be combined for ligno-

cellulosic biomass degradation process, essential for paper 

industry and lignocellulose-based fuel industry. Cellulase 

enzymes, in general, are divided into many families, each 

of which can synergize in breaking down complex and 

non-complex cellulose polymers. Cellulase enzyme has 
been reported to be synthesized by bacteria, plants, and 

fungi. The corresponding protein structure of cellulase has 

also been comprehensively elucidated (Madadi et al. 2017). 

On the other hand, there are very few reports about laccase. 

The production of laccase can be found by soil and some 

freshwater fungi and are produced extracellularly (Chandra 

and Chowdhary 2015). Up to date, fungi have been the 

most widely reported source of laccase, yet, limited research 

has been performed in plants, bacteria, and insects.  

The unique character of the enzyme used is a major 

consideration in determining its industrial application. 
Enzymes that are tolerant toward osmolarity stress, 

unstable pH and temperature, or the presence of solvents 

support their multipurpose industrial processes (Roth and 

Spiess 2015). Thus, the search for enzymes with unique 

characters is important. A great opportunity to discover 

new enzymes with unique physiological characters can be 

obtained through exploration in extreme environments, 
such as marine. Such diversity of character and 

extraordinary biocatalytic ability from marine obtained 

from micro- and macroorganisms is inflicted by marine 

harsh environment, extreme conditions, and strong 

selection due to the process of evolution. Various reports 

have proven that many marine-derived enzymes could be 

applied in diverse applications that accelerate bioprocesses 

efficiency (Sarkar et al. 2010). For instance, alkali-

halotolerant and organic-solvent stable cellulases have been 

previously isolated from marine Bacillus sp. (Trivedi et al. 

2011a). Other reports have also stated that the bacterial 
alkaline cellulase enzyme was successfully obtained from 

the marine sponge Dendrilla nigra (Shanmughapriya et al. 

2010). However, just a few bacterial laccases have been 

biochemically characterized and none have been reported 

from marine organisms (Koschorreck et al. 2009).  

Sponges are marine invertebrate organisms that have 

high biodiversity and can provide important niches for 

other organism trough symbionts, parasites, pathogens or 

commensals relationship. Many studies showed that 

microorganisms that associated with sponges have the 

ability to synthesize natural products similar to their host 
including enzymes, organic acid, and other metabolite 

compounds (Santos-Gandelman et al. 2014). In our 

previous study, sponge-associated bacteria isolated from 
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the Raja Ampat islands of Papua, and the Seribu Islands in 

Jakarta exhibited the ability in producing antioxidants 

(Yoghiapiscessa et al. 2016), anti-cancer (Priyanto et al. 

2017), antimicrobial (Wahyudi et al. 2018), and anti-aging 

(Prastya et al. 2019; 2020) compounds. In addition, it has 

also been reported that other marine bacteria can produce 

new potential enzymes with unique characteristics such as 

thermotolerant protease and alkalophilic amylase 

(Shanmughapriya et al. 2009). Thus, it is essential to 

explore new potential enzymes from tropical marine 
organisms, including which of Indonesian marine 

environments. Therefore, this research aimed to explore 

cellulase and laccase enzymes from sponge-associated 

bacteria of Kepulauan Seribu, Indonesia.  

MATERIALS AND METHODS 

Procedures 

Isolation of sponge-associated bacteria  

Sponges used in this study were collected from Seribu 

Island Jakarta, Indonesia. Five species of sponges, 

including Crella sp., Agelas sp., Callyspongia sp., Hyrtios 

sp. and Spongia sp., were used in this study. 1 g of each 
sponge tissue was washed by sterile seawater and ground in 

a mortar and pestle under aseptic conditions. The sample 

was homogenized and serially diluted in 9 mL of 0.85% 

(wv-1) NaCl solution from 10-1 to 10-4 level of dilution. 

About 100 µL suspension of each serial dilution was plated 

into seawater complete (SWC) agar medium (1 gL-1 yeast-

extract, 3 mL glycerol, 5 gL-1 bactopeptone, 250 mL 

distilled water and 750 mL seawater, 15 gL-1 agar) and 

modified nutrient agar (NA) medium (5 gL-1 yeast-extract, 

10 gL-1 bactopeptone, 25 gL-1 NaCl, 15 gL-1 agar) by 

spread plate technique. Plate was then incubated for 48 
hours for SWC and 36 hours for NA media at room 

temperature (±27°C). 

Screening of cellulolytic bacteria  

Each bacterial isolates was cultured in NA medium and 

incubated for 24 hours at 27°C to prepare the main culture. 

Each isolate was further streaked onto the CMC agar plate 

(10 gL-1 carboxymethylcellulose, 2 gL-1 bactopeptone, 1 

gL-1 glucose, 0.2 gL-1 7H2O·MgSO4, 0.75 gL-1 KNO3, 0.5 

gL-1 K2HPO4, 0.02 gL-1 FeSO4·7H2O, 0.04 gL-1 

CaCl2·2H2O). The bacterial isolate incubated for 24 hours 

at room temperature and followed by reaction with Lugol’s 

iodine reagent for 10 minutes. The cellulolytic index was 
calculated using the formula as follow: 

 

 

Screening of laccase-producing bacteria 

The activity of laccase in vitro was determined by 

monitoring the colored oxidation products on Guaiacol 

medium. Guaiacol 0.02% (vv-1) (Sigma, USA) was used as 
a substrate in NA medium (peptone 10 gL-1, NaCl 10 gL-1, 

yeast-extract 5 gL-) and supplemented with CuSO4 (1 mM) 

(Chandra and Singh 2012). Bacterial isolates were streaked 

on the agar plate and were incubated for 2-3 days at room 

temperature.  

Quantitation of Cellulolytic activity by using DNS method 

Bacterial isolates were grown in 100 mL CMC broth 

(pH 7.0) for two days at 27oC to prepare subculture. About 

2 mL of subculture was then inoculated into a new 200 mL 

CMC liquid broth and incubated for 24 hours at 27oC, 

which then used as the main culture. The main culture 

sample was harvested and its corresponding crude extract 

enzyme was obtained by centrifugation (6,000 ×g, 20 
minutes). Cellulolytic activity was measured by incubating 

0.2 mL of crude enzyme solution with 0.5 mL of 1% (wv-1) 

carboxymethyl cellulose, prepared in 0.1 M sodium 

phosphate buffer (pH 7.0) for 10 minutes at room 

temperature. The reducing sugars were estimated by the 

3.5-dinitrosalicylic acid (DNS) method (Miller 1959). The 

enzyme reaction was stopped by the addition of 3 mL DNS 

reagent (dinitrosalicylic acid 1 g, NaOH, 16 g, potassium 

sodium tartrate 300 g, and distilled water up to 1 L) to the 

above 1 mL reaction mixture, boiled in capped glass tubes 

for 5 minutes, and cooled in cold water, and then optical 
density was measured at 540 nm. The enzyme activity was 

determined using a calibration curve for D-glucose. 

Meanwhile, the Bradford method is used to quantify the 

amount of protein involved in each enzyme activity 

measurement so that the value of the specific enzyme 

activity was obtained. One unit of enzyme activity was 

defined as the amount of enzyme that released 1 μmol of 

reducing sugars as glucose equivalents per-minute. Four 

isolates with the best activity than were used for the next 

analysis. 

Determination of Laccase activity based on gene analysis 
Isolates were cultured in LB medium (yeast-extract, 5 

gL-1; tryptone, 10 gL-1; NaCl, 10 gL-1) for 24 hours in room 

temperature. The cultures were centrifuged at 

10,000×gravitation for 1 minute, and the supernatant was 

removed. DNA extraction was performed using PrestoTM 

Mini gDNA bacteria Kit (Geneaid) according to the 

protocol’s instructions. For the detection of laccase gene, 

primer Cu1F ACM WCK GTT CAY TGG CAC GG and 

Cu4R TGN TCN AGN AWG TGR CAR TG were used to 

target ±1100 bp fragment (Fang et al. 2011). Fifty µL PCR 

mix consisted of 25 µL GoTaq Green® Master Mix 123 

(Promega), 5 µL of 10 pmol 1387r primer, 5 µL of 10 pmol 
63f primer, 11 µL nuclease-free water, and 4 µL DNA 

template (100 ngµL-1) was prepared prior PCR. PCR 

conditions were carried out in three steps including pre-

denaturation at 94°C for 5 minutes, followed by 35 cycles 

of denaturation at 94°C for 1 minute, annealing at 58°C for 

1 minute, extension at 72°C for 1 minute, and final 

extension at 72°C for 10 minutes. The PCR products were 

checked by gel electrophoresis in 1% (wv-1) agarose gels 

stained with ethidium bromide (10 mgmL-1) and PCR 

products were sequenced in First Base, Malaysia. The 

sequences were then compared to the database of the 
National Center for Biotechnology Information (NCBI) 

GenBank (https://www.ncbi.nlm.nih.gov) using the BlastX 

program. Construction of phylogenetic tree was 

constructed using MEGA 7.0 software by maximum 
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likelihood method with 1000x bootstrap replications. 

16S rRNA gene Analysis 

The genomic DNA of bacterial isolates was prepared as 

described previously. The mixture of PCR reaction 

consisted of 50 µL PCR mix containing 25 µL GoTaq 

Green® Master Mix 123 (Promega), 5 µL of 10 pmol 

reverse primers, 5 µL of 10 pmol forward primer, 11 µL 

nuclease-free water, and 4 µL DNA template (100 ngµL-1). 

Bacterial universal primers 63F (5'-CAG GCC TAA CAC 

ATG CAA GTC-3') and 1387R (5'-GGG CGG WGT GTA 
CAA GGC-3') were used to amplify the 16S rRNA gene 

from genomic DNA which targeted ±1300 bp fragment 

(Marchesi et al. 1998). PCR conditions were carried out in 

35 cycles with pre-denaturation at 94°C for 5 minutes, 

denaturation at 94°C for 30 seconds, annealing at 55°C for 

45 seconds, extension at 72°C for 1 minute 45 second, and 

the final extension at 72°C for 10 minutes. The sequences 

were compared by using the BlastN program in National 

Center for Biotechnology Information (NCBI) GenBank 

database. The PCR products were sequenced in First Base, 

Malaysia. The phylogenetic tree was constructed by the 
same method as the previous. 

RESULTS AND DISCUSSION 

Isolation of Sponge-associated-bacteria 

We have isolated 100 bacterial isolates from 5 different 

sponges, based on their distinct morphological characters. 

The abundance of bacterial isolates that were found varied 

amongst sponges and the isolation medium used (Figure 1). 

Indeed, total bacterial isolates that were isolated by using 

NA medium (62 isolates) were 12% higher than that SWC 

medium (38 isolates).  

Cellulolytic bacteria 
Amongst all 100 sponge-associated-bacteria tested, 

about 12 isolates showed cellulolytic activity (Table 1). 

The cellulolytic activity was determined by the 

development of a clear zone around the bacterial colony 

grown in CMC agar plate after reaction with Lugol’s iodine 

reagent. Four isolates showed strong cellulolytic activity 

including CRN123, AGN103, AGN104, AGS111 with 

AGN 104, exhibited as the most potential cellulolytic 

bacteria (Figure 2).  

Laccase-producing bacteria 

Amongst 12 cellulolytic bacteria tested, only one 

laccase-producing bacteria (AGN89) was found. Laccase 
activity was determined by the development of reddish-

brown color around the bacterial colony in the Guaiacol 

medium (Figure 3). 

Cellulolytic activity 

Cellulase enzyme activity of the four isolates was 

measured by using the DNS method. The highest 

cellulolytic activity and specific activity was exhibited by 
CRN123 isolate with a value of 0.06 UmL-1 and 1.18 Umg-

1, respectively (Table 2). 

 

 
 
Figure 1. Distribution of sponge-associated bacterial isolates that 
were isolated from 5 sponges, using two different media. with 
incubation time 36 hours for NA and 48 hours for SWC at room 
temperature 
 

 
 

 
 

 

Figure 2. Cellulolytic activity of sponge-associated bacteria 
isolates (CRN123 and AGN2014) after 24 hours of incubation. 
Cellulolytic activity is shown by the development of the clear 
zone (arrow) around the bacterial colony grown in CMC-agar 
plate following reaction with Lugol’s iodine reagent 
 
 
 

Table 1. Cellulolytic index of sponge-associated bacteria 
 

Sponge 
Isolate  

code 

Diameter of 

colony 

(mm) 

Diameter 

of zone 

(mm) 

Cellulolytic 

Index 

Crella sp. CRN123 4.25 7.50 0.76 
Agelas sp. AGN81 4.00 6.25 0.57 

 AGN83 4.50 4.50 0.11 
 AGN89 4.12 5.52 0.37 
 AGN98 4.00 6.00 0.50 
 AGN100 3.75 5.50 0.47 
 AGN103 4.00 7.25 0.81 
 AGN104 4.12 7.75 0.88 
 AGN106 5.75 7.50 0.30 
 AGN107 3.75 5.50 0.47 

 AGS111 3.88 7.12 0.84 
Hyrtios sp. HYN138 4.38 6.75 0.54 
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Figure 3. Laccase activity of bacterial isolate AGN89 grown in 
Guaiacol medium, after 48 hours of incubation at room 

temperature. Laccase activity is shown by the appearance of the 
reddish-brown zone (black arrow) around the bacterial colony. 

 

 
Table 2. Cellulolytic activities of sponge-associated bacteria. 
 

Isolate code 
Activity 

 (UmL-1) 

Specific activity 

 (Umg-1) 

CRN123 0.06 1.18 
AGN103 0.04 0.70 

AGN104 0.05 0.71 

AGS111 0.05 0.81 

 

Determination of Laccase activity based on gene 

analysis 

Amplification of laccase-encoding gene with PCR 

method has been successfully amplified a fragment with a 

length of ±1100 bp from isolate AGN89 genome (Figure 

4). Alignment using the BlastX program revealed the 

laccase gene was similar to multicopper oxidase family 

protein which owned by Pseudomonas luteola with scores 

99% similarity, 99% query cover, and 0.0 E-value. All 

about this data result can be checked at the corresponding 

file with accession number WP 019364422 in NCBI 

GeneBank. 

The Identity based on 16S rRNA gene of the potential 

cellulolytic and laccase-producing bacteria 

In this assay, we analyzed the 16S rRNA sequence of 

four cellulolytic and one laccase-producing isolate. Based 

on 16S rRNA sequence analysis each isolate was homolog 
to different genera of bacteria (Table 3).  

 
 

Figure 4. DNA band visualization by 1% agarose from amplicon 

of the laccase-encoding gene. M: Marker 1 kb ladder 
 

 

 

The evolutionary relationship based on 16S rRNA of 

the potential bacterial isolates with their closest related 
strains is shown in Figure 5. 

 

Discussion 

A total of 100 sponge-associated bacteria from five 

sponges have been isolated in this study. Agelas sp. 

contributed the highest number of isolates contrarily to that 

sponge Spongia sp.. Different environmental and 

nutritional conditions of each sponge are thought to cause 

different bacterial communities (Santos-Gandelman et al. 

2014). It is worth noting that, the two media used in this 

study resulted in a different number of isolated bacteria. 
We intentionally added 2% NaCl in the medium to support 

the growth of marine bacteria to mimic the SWC medium 

composition. From our study, NA supports the growth of 

more number of bacterial isolates than that of SWC 

medium. It is likely due to NA medium was richer in 

nutrition than SWC medium. Some compositions, like 

yeast-extract and bactopeptone, are more contained in NA 

medium. These components were important as nutrition 

and respiration sources for the bacterial isolates to grow. 

Consequently, more bacteria could be grown by NA 

medium. 

 
 

 

Table 3. BLAST-N-based homology analysis of sponge-associated bacteria based on 16S rRNA sequence gene 
 

Isolate code Closest relative Query cover (%) Similarity (%) E-value Accession 

CRN123 B. aerius strain 24k 99 97 0.0 NR 118439 
AGN103 P. aeruginosa strain DSM 50071 79 77 0.0 NR 117678 
AGN104 M. maritypicum strain DSM 20578 71 83 0.0 NR 114986 
AGS111 B. conglomeratum strain J 1015 61 84 6e-168 NR 104689 

AGN89 P. luteola strain NBRC 102146 99 99 0.0 NR 114215 

AGN89 
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Figure 5. Maximum Likelihood phylogenetic representations of cellulase and laccase-producing bacteria with closest NCBI (BLAST) 
relatives based on 16S rRNA gene sequences. Bootstrap values calculated from 1000 resamplings using maximum likelihood are shown 
at the respective nodes when the calculated values were 50% or greater. The scale bar indicates 2% sequence divergence 
 

 
 

 

Bacteria that are observed and isolated from sponges 

are commonly called symbionts, however, only few studies 
reported the clear indications of the beneficial interactions 

between bacteria and this particular sponge host. Sponges 

are sessile animals with no or little mechanical defense. 

Thus, sponges could likely utilize primary or secondary 

metabolites produced by bacterial symbionts as defensive 

systems against predators. Indeed, such interaction has 

been reported in sponge Microciona prolifera and it's 

associated bacteria (Imhoff and Stöhr 2003). Moreover, 

Santos-Gandelman et al. (2014) explained that the various 

activities exhibited by sponge-associated bacteria 

suggested that symbiotic microorganisms were 

indispensable for sponge survival. On the other hand, 
sponges may protect the symbionts bacteria from harmful 

environment and supply organic carbon compounds 

essential for bacterial metabolisms (Muller et al. 2004). 

About twelve out of 100 isolates showed cellulolytic 

activity (Table 1). Their ability to produce cellulase was 

indicated by the clear zone formation around bacterial 

colonies in CMC medium (Figure 2). The primary 

metabolite produced by these bacteria were used to break 

down the complex cellulose compounds from the CMC 

medium. This process resulted in oligomers or monomers 

of derivated-sugar products which then can be used as their 
nutrients to grow. Cellulosic polysaccharides which should 

be able to bind to iodine dyes to form a color appearance 

will lose their ability to bind because they turn into 

monomers (or oligomers). This will change the area of the 

medium with the enzyme activity to become colorless (Kiio 

et al. 2016). Although Lugol's iodine staining was sensitive 
enough for primary isolation and screening of cellulolytic 

bacteria, the clear zone width was not implied the amount 

of cellulase activity (Samira et al. 2011). Hence, DNS 

method was used in this study for further quantify of 

cellulolytic activity. 

Four isolates have been measured for the cellulolytic 

activity by the DNS method. These isolates exhibited about 

0.04-0.06 Uml-1 and 0.70-1.18 Umg-1 in enzyme and 

specific activities, respectively. These values were not 

much different from the cellulolytic activity of marine 

bacterial isolates that were isolated from Persian Gulf, 

which was about 0.08 UmL-1 (Samira et al. 2011). 
However, these values were far below the value of 

cellulase activity owned by soil Bacillus (0.167 U/ml and 

0.333 U/mg in enzyme and specific activities, respectively) 

(Mahjabeen et al. 2018). Nevertheless, the marine enzymes 

offer many unique characters, one of them was a salt-

tolerant thermostable character from Bacillus’s cellulase 

isolated from coral Siderastrea stellata (dos Santos et al. 

2018). Therefore, it is essential to explore new potential 

enzymes from diverse sources in tropical marine 

environments, including which of Indonesian marine 

environments. 
Interesting result can be highlighted from laccase 

activity assay. One cellulolytic isolate, AGN89 isolate, had 

the ability to produce the laccase enzymes when tested on 

Guaiacol medium. Laccase activity in the medium was 
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determined by the formation of reddish-brown areas 

(Figure 3) caused by the oxidative polymerization of 

Guaiacol (Atalla et al. 2010). The presence of this enzyme 

was also confirmed by the identification of the ±1100 

amplicon fragment that has been amplified with PCR 

method (Figure 4). This amplicon was identified as 

multicopper oxidase family protein from P. luteola (and 

supported by the 16S rRNA-based identification) (Table 3). 

This enzyme becomes interesting because it has never been 

reported before that sponge-associated bacteria can produce 
laccase enzymes. Most of bacterial laccase was isolated 

from terrestrial environment to date. Meanwhile, just a very 

limited study that reported bacterial laccase isolated from 

marine environment. The scarcity of this enzyme in the 

marine environment was reflected from this result, where 

only about 1% of all marine bacterial isolates gotten has 

laccase enzyme.
 

Based on the 16S rRNA gene sequence, the five 

potential marine bacterial isolates homolog to different 

genera of bacteria (Table 3). Some of them are possible as 

new species because according to Stackebrandt and Goebel 
(1994), the minimum similarity level of an isolate which 

can be stated as the same species to its BLAST result 

species is 97.5%. Furthermore, the findings of varied 

sponge-associated bacteria with the cellulolytic ability in 

this study built the fact that there are still many sources that 

must be explored in the tropical ocean in Indonesia. Some 

studies reported several genera of Bacillus that produce 

unique cellulase have been successfully isolated from 

seaweed (Trivadi et al. 2011b, 2011b). Bacterial genera of 

Brachybacterium has also been successfully isolated from 

Euchema cottonii and had the ability to degrade 
lignocellulose (Santhi et al. 2014). Meanwhile, the genus 

Pseudomonas and Microbacterium in this study have not 

been widely reported in the last decade.  

In conclusion, this is the first report on the isolation of 

sponge-associated bacteria from sponges, especially which 

obtained from Seribu Island Indonesia, that could produce 

laccase enzyme or both laccase and cellulase enzymes. 

Among 100 isolates isolated from marine sponges Crella 

sp., Agelas sp., Callyspongia sp., Hyrtios sp., and Spongia 

sp., one isolate had both cellulase and laccase enzymes and 

11 isolates had cellulase enzyme with different cellulolytic 

index. Isolate CRN123 had the best value of enzyme and 
specific enzyme activities than others. Interestingly, in 

addition to cellulolytic activity, isolate AGN89 showed 

laccase activity based on the qualitative assay. Gene 

analysis suggested the gene likely responsible as laccase-

encoding gene, belongs to that multicopper oxidase family 

protein. Further study is needed to develop these sponge-

associated bacteria with their marine enzyme activities so 

that they could be characterized and applied in the 

industrial field.
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