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ABSTRACT

Agar-agar is polysaccharide from Gracilaria sp. It is used for food, medical, pharmaceutical and biotechnology industryGracilaria verrucosa red seaweed is the most material used for the extraction of agar, in the form of sheet and powder.
 A total 7169 tonnes of solid waste produces from agar industry in Indonesia can produce 4301.4 tonnes per year of cellulose.
 However, solid wastes from agar seaweed processing industry have not been used and managed optimally
. Solid wastes from seaweed processing industry can be used as one of alternative source of cellulose
 and cellulolytic bacteria. In this research, isolation of cellulase producing bacteria from seaweed processing industry wastes have been done using specific media 1 % LIA (Limbah Industri Agar, waste of seaweed processing). Sequencing and subsequent phylogenetic analysis of the 16S rRNA gene from 7 isolates identified the isolates as  Serratia marcescens, Chryseobacterium indovlogenes, Bacillus pumilus, Bacillus cereus, Strenatrophomonas maltophila, and Pseudomonas aeruginosa. 
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INTRODUCTION

The Ministry of Marine Affairs and Fisheries of Indonesia estimates that 15 percent of Indonesian seaweed will dominate the world market of seaweed (P2HP, 2012). Utilization
 of agar polysaccharides increased
 demand of raw material red seaweed in agar industry.  and the waste was also a problem for environment.
 However, management of solid seaweed processing industry itself has not yet become the center of attention. Most waste produced from seaweed processing only end up being organic waste which has not been used optimally. The principle of Zero Waste Industry"  needs to be applied by utilizing the agar seaweed wastesproduced, converting into    ". a value-added product that has a much higher value  compared with the initial value of the product
 (agar
).

Cellulose 
enzymes 
generally produced naturally by a wide range of microbial communities, including bacterial and fungal species which have ability to biosynthesize different types of cellulose enzyme and to converse a cellulose plant into simple reducing sugar (Hasunuma et al., 2013; Lynd et al., 2002). Recent development was focused on either engineering naturally cellulolytic microorganisms to improve product related properties or modifying non cellulolytic microorganisms with high yield activity capable to have efficient cellulose hydrolysis into bio based chemicals and fuels, as well as bio ethanol (Hasunuma et al., 2013)

The present study was undertaken to isolate
 cellulolytic bacteria in solid wastes of seaweed processing industry. 

The application of cellulolytic bacteria to degrade seaweed solid waste is seen as a strategy to produce valuable product from solid waste of seaweed processing industries.
MATERIALS AND METHOD
2.1. Sources of strain
Bacterial strain, isolated from decaying industrial solid seaweed processing wastes (agar) Malang, East Java. Tenfold serial dilution of the samples was used for isolation cellulolytic bacteria. 1 g of samples 
of solid seaweed processing wastes  aseptically added 9 ml of 0.85% NaCl physiological solution, then serial dilutions were made in physiological solution of NaCl 0.85%. A total of 0.1 ml sample was spreaded (?) on the surfaces of plates containing 1 % LIA agar, pH 7.0. Plates were incubated at 37°C for 5 days to allow cellulase secretion . Each colony that grew on solid media then be observed based on the ability to form a clear zone. Morphologically different colonies appearing on the plates were purified and preserved on agar slant 40C for used during study.
2.2 Source of substrat LIA (Limbah Industri Agar)

Industrial solid seaweed processing wastes (agar) was collected from CV.AgarSari Malang. Solid seaweed wastes were ground, sieved, and stored at 20C for further use. The size of the samples was 200 mesh (75 µm) 
to make sure the enzyme and fibers to occur optimum contact during the reaction enzymatic hydrolysis.  
2.3. Preparation of media 

Liquid for medium dilution to be used was 0.85% NaCl physiological solution. Specific medium was prepared  as described by Huang et al. (2012) and Johnsen and Krause (2014) with some modification, as follows : using LIA as substrat 10 g/L; KH2PO4 1.0 g/L; MgSO4.7H2O 0.5 g/L; NaCl 0.5 g/L;  FeSO4.7H2O 0.01 g/L;  MnSO4.H2O 0.01 g/L;  NH4NO3 0.3 g/L;  LIAS 10.0 g/L;  Agar 12.0 g/L.  pH medium was adjusted to 7.0 with 1M NaOH. The media were sterilized (1210C, 20 minutes).
2.4 Cellulolytic enzyme assays on CMC as major carbon source
To study the cellulolytic activity potential of selected seven isolates, their various enzyme activites on CMC substrates were studied. Starter cultures of selected isolated were prepared by transferring cellulolytic cells with an inoculation loop from the CMC agar plates to 100 mL of  liquid medium at 1%  CMC as major carbon source. The initial pH of which was adjusted to 7.0, in 500mL Erlenmeyer flasks. The flasks were further incubated on a shaker at 150 rpm for 120 hour at 370C. Culture samples were taken every 12 h during incubation, and their cell free supernatants were obtained by centrifugation (10,000×g, 10 min) and analyzed for cellulolytic activities.

2.5 DNA Extraction and PCR Amplification of 16S rRNA Bacterial 

Identification of selected isolate was done using 16S rRNA sequence analysis. For this purpose, DNA extraction was done from the strain using Genomic DNA Purification Kit (Fermentas) according to the manufacturer’s recommendations. PCR analysis was done using general primer and softwere PCR Taq Ready To Go PCR beads (GE Healthcare), then the result was sequence and analysis through BLAST (Basic Local Alignment Sequensing Tools) (Pozo et al., 2012).
RESULTS AND DISCUSSION

Source of isolates and substrates used were solid waste of seaweed processing industry Gracilaria verrucosa. This samples were taken from CV Agar Sari Malang, East Java. Sample collected from industry maintained individually in sterile medium dilution.
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Figure 1. Industrial Seaweed Waste from PT. Agar Sari Malang


Growth Curve
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Figure 2. Time courses for cell growth of seven selected cellulolytic isolate in CMC culture broth
Based on the curve at figure 2, almost all seven selected isolate showed that incubation time at 36 hours was considered as the appropriate time to transfer the starter into production medium.
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Figure 3. CMC degrading enzyme activity change of seven selected cellulolytic isolate in culture broth
Using CMC as substrate, Figure 3 showed that all tested isolates showed increased endoglucanase activity over the period of 60-72 hour. Among the isolates tested, LA4P isolates was estimated with maximum activity was 0.20 U/mL at 60 hours after incubation. 
Tables 1. CMCase activity of seven  selected isolate from solid waste
	Isolates
	Activity (U/mL)
	Period of incubation (hours)

	LA3B
	0.162237
	72

	LA24
	0.182279
	48

	LA271
	0.156225
	48

	LA45C
	0.160233
	60

	LA4K
	0.165244
	60

	LA4P
	0.200317
	60

	LA3A
	0.173260
	60


DNA Extraction and PCR Amplification of 16S rRNA Bacterial Analysis

Bacterial isolates were grown in nutrient agar medium at 370C for 48 hour. The culture were centrifuge at 12000 rpm for 5 minutes and the supernatant was removed. These seven strains selected of their best ability to degrade LIA media. Selected Cellulolytic bacterial isolates which have the potential cellulolytic were LA3, LA4K, L45C, LA4P, LA3B, LA271, and LA24. These isolates were amplified against the 16S rRNA gene targets with the size of the amplification products of approximately 1500 bp. Elektroferogram results of the amplification products are shown in figure 4 as follows :
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Figure 4. Gel electrophoresis  DNA of selected isolate
The results of the purification shown in figure 2 samples LA3, LA4 K, LA4 P, L45C, LB3, L271, and L24 was performed with the sequencing process services company sequencing (Macrogen Inc., South Korea). Sequenced data then were further processed using Bioedit software. Further alignment was done with the database on www.ncbi.nlm.nih.gov/ and manufacture of phylogeny tree using http://www.phylogeny.fr/. 
Results analysis of 16S rRNA fragment sequencing 

a. Isolate LA3

Based on the results of alignment with the database, the sample LA3 has similarities with bacteria from the Serratia marcescens group with identity value 99%. Phylogenetic tree of LA3 isolated reconctructed using reference sequence to serratia genus reference with the identity at least 90%. Outgroup used for phylogenetic tree reconstruction was Proteus mirabilis. Based on the calculation results from phylogram in figure 5, it can be seen that LA3 isolates have close relations with Serratia marcescens with similiarity value of 98.3%.

Here is phylogram result constructed by bootstrapping to 100 times :
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Figure 5. Phylogenetic tree based on 16S rRNA gene sequence of bacterial isolate LA3. The tree was constructed using sequences of comparable region of the 16S rRNA gene sequences available in public databases. Neighbour-joining analysis using 100 bootstrap replicates was used to infer tree topology. The scale bar shows the number of nucleotide substitutions per site of 4%. 

Araujo et al.  (2010) and Chan et al. (2013) revealed the ability of Serratia marcescens as biodegradation agent. Serratia marcescens UCP/WFCC 1549 produced biosurfactant using waste as alternative substrate what allows a reduction of fermentation and costs of the process (Chan et al., 2013).
A suitable strain for bioremediation of soils contaminated with OPPs identified as Serratia marcescens have ability of diazinon-degrading to remove organophosphorus pesticides (OPPs) as chlorpyrifos (CP), fenitrothion (FT), and parathion (PT) in sandy, sandy loam and silty soils (Cycon et al., 2013). Araujo et al. (2010) also has studied that Serratia marcescens presents in effluents from the process of iron ore flotation as the microorganisms responsible for fatty amine degradation.

b. Isolate LA4K

Based on the alignment results with the database, LA4K isolates has similiarity with bacteria from the group Chryseobacterium indologenes with 96% identity value. Furthermore, phylogenetic tree reconstruction was performed using sequence references from the genus Chryseobacterium with minimal identity value at least 90%. Outgroup bacteria used for phylogenetic tree reconstruction was Leeuwenhoekiella marinoflava. Here is phylogram result constructed by bootstrapping to 100 times.
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Figure 6. Phylogenetic tree based on 16S rRNA gene sequence of bacterial isolate LA4K. The tree was constructed using sequences of comparable region of the 16S rRNA gene sequences available in public databases. Neighbour-joining analysis using 100 bootstrap replicates was used to infer tree topology. The scale bar shows the number of nucleotide substitutions per site of 10%.

Based on the calculation results from phylogram above, it can be seen that LA4K isolates have close relations with Chryseobacterium indologenes with similiarity value of 94.8%. LA4K isolates is a non-motile, gram negative bacillus, catalase and oxidase positive, indole positive, non-fermentative, yellow pigmented bacteria. The 16S rRNA gene sequence analysis of strain LA4K indicated that Chryseobacterium indologenes is the closest related species with apair wise sequence similiarity of 94.8%. 

Some literature stated that member Chryseobacterium were found in rhizosphere (Cho et al., 2010), water (Kumar et al., 2011), soil (Li & Zhu, 2012), fish (Zamora et al., 2012 a, b,c; Boran et al., 2013), mid gut of insect (Kampfer et al., 2010), clinical samples (Buresova et al., 2009; Calderon et al., 2011; Chang et al., 2014). 

Previous studied revealed that Chryseobacterium indologenes is keratinase producer (Wang et al 2008), important bacterial group associated with plants in rhizosphere soil (Venil et al., 2014; Anderson & Habiger 2012), and exhibit plant growth promoting activities (Montero-calasanz et al., 2013).

c. Isolates  LA4P

Based on the alignment results with the database, LA4P isolates has similiarity with bacteria from the group Bacillus pumilus with 99% identity value. Furthermore, phylogenetic tree reconstruction was performed using sequence references from the genus Bacillus with minimal identity value at least 90%. Outgroup bacteria used for phylogenetic tree reconstruction was Listeria monocytogenes. Here is phylogram result constructed by bootstrapping to 100 times.
[image: image11.png]I LA4P

Jarget
~1500 bp




Figure 7. Phylogenetic tree based on 16S rRNA gene sequence of bacterial isolate LA4P. The tree was constructed using sequences of comparable region of the 16S rRNA gene sequences available in public databases. Neighbour-joining analysis using 100 bootstrap replicates was used to infer tree topology. The scale bar shows the number of nucleotide substitutions per site of 6%.

Based on the calculation results from phylogram above, it can be seen that LA4P isolates have close relations with Bacillus pumilus with similiarity value of 98.9%. LA4P isolates is a spore forming bacteria that is rod shape, gram positive, and aerobic. Bacillus species constitute a diverse group of bacteria widely distributed in soil and aquatic environment. Bacillus pumilus resides in soils and colonize in root plants have several bioactivity. Previous researcher reported the use of Bacillus pumilus in various industry as biocatalyst (Akbulut et al., 2013; Kuppers et al., 2014), biofuel (Edembe et al., 2012; Suraniti et al., 2013) and bioremedian (Watharkar et al., 2013).

The study by Watharkar et al., (2013) reveals the beneficial  phytoremediation potential of Bacillus pumillus to degrade and to decolorize the dye Navy Blue RX to noteworthy level, released less toxic metabolites dye. Edembe et al. (2012) and Suraniti et al. (2013) studied the catalytic performance of bilirubin oxidase (BOD) from Bacillus pumilus showed high thermostability. The thermostable BOD reported was a promising alternative to the currently used BOD in biofuel cells and may open new perspectives for their use of biofuel cells in various bioelectronics applications.

Luz et al. (2010) and Ahmad et al. (2012) have reported that Bacillus pumilus has great potential for remediating soil contaminated with organic compounds such as pesticides residues in crop plants and enhancing plant growth in mine tailings. 

To improve enzymatic activity of Bacillus pumilus lipases, DNA shuffling was applied to two lipase genes from local Bacillus pumilus isolates. That study showed that by DNA shuffling Bacillus pumilus lipase can improved applicability as biocatalyst (Akbulut et al., 2013).

d. Isolates LA45C
Based on the alignment results with the database, LA45C isolates has similiarity with bacteria from the group Bacillus cereus with 96% identity value. Furthermore, phylogenetic tree reconstruction was performed using sequence references from the genus Bacillus with minimal identity value at least 90%. Outgroup bacteria used for phylogenetic tree reconstruction was Escherichia coli. 
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Figure 8. Phylogenetic tree based on 16S rRNA gene sequence of bacterial isolate LA45C. The tree was constructed using sequences of comparable region of the 16S rRNA gene sequences available in public databases. Neighbour-joining analysis using 100 bootstrap replicates was used to infer tree topology. The scale bar shows the number of nucleotide substitutions per site of 20%.

Based on the calculation results from phylogram above, it can be seen that LA45C isolates have close relations with Bacillus cereus with similarity value of 96.1%

The role of Bacillus cereus as bioremidiant agent has been reported by previous researcher (Gargouri et al., 2011; Sarma et al., 2014; Ghorbel-Bellaj et al., 2012; Huang et al., 2012; Sriram et al., 2011; Kadam et al 2012; Tripathi et al., 2014). Bioremediation processes, which take advantadge of microbial degradation of organic compounds, can be defined as the use of microorganisms (especially bacteria) to detoxify and remove pollutants from environment either from soils, waters and sediments (Gargouri et al., 2011).

Gargouri et al. (2011) was used Bacillus cereus to treat hydrocarbon-rich industrial wastewaters using a continuously stirred tank bioreactor. The treatment provided satisfactory results and presents a feasible technology for the treatment of hydrocarbon-rich industrial wastewaters from petrochemical industries and petroleum refineries.

Similar work was also done by Sarma et al. (2014), it was reported that crude oil contaminated soil is a good habitat for potent hydrocarbon degrader bacteria such as Bacillus aerus.

e. Isolates LA3B

Based on the alignment results with the database, LA3B isolates has similiarity with bacteria from the group Stenotrophomonas maltophila with 97% identity value. Furthermore, phylogenetic tree reconstruction was performed using sequence references from the genus Bacillus with minimal identity value at least 90%. Outgroup bacteria used for phylogenetic tree reconstruction was Xylella fastidiosa. Here is phylogram result constructed by bootstrapping to 100 times.
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Figure 9. Phylogenetic tree based on 16S rRNA gene sequence of bacterial isolate LA3B. The tree was constructed using sequences of comparable region of the 16S rRNA gene sequences available in public databases. Neighbour-joining analysis using 100 bootstrap replicates was used to infer tree topology. The scale bar shows the number of nucleotide substitutions per site of 2%.
f. Isolat LA24

Based on the alignment results with the database, LA24 isolates has similiarity with bacteria from the group Stenothrophomonas   maltophila   with 90% identity value. Furthermore, phylogenetic tree reconstruction was performed using sequence references from the genus Stenotrophomonas with minimal identity value at least 90%. Outgroup bacteria used for phylogenetic tree reconstruction was Shewanella morhuae. Here is phylogram result constructed by bootstrapping to 100 times.
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Figure 10. Phylogenetic tree based on 16S rRNA gene sequence of bacterial isolate LA24. The tree was constructed using sequences of comparable region of the 16S rRNA gene sequences available in public databases. Neighbour-joining analysis using 100 bootstrap replicates was used to infer tree topology. The scale bar shows the number of nucleotide substitutions per site of 7%.

Based on the calculation results from phylogram above, it can be seen that LA3B and LA27 isolates had the same result as Stenotrophomonas maltophila, with quite different the similiarity value. LA3B and LA24 isolates have close relations with Stenotrophomonas maltophila with similiarity value of 96.7% and 92.4%. 

Stenotrophomonas maltophilia is an aerobic, non fermentative, gram negative bacterium. It is an uncommon bacterium and human infection is difficult to treat. Some studies have reported that Stenotrophomonas maltophila is a significant nosocomial pathogen, responsible for an increasing nimber of infections, particulary in immunocompromised patients (Garazi et al., 2012). 

Some literature also mentions that Stenotrophomonas maltophila was applied in bioremediation processes to reduce the concentration and the toxicity of various pollutants, including petroleum products (Gargouri et al., 2011; Hassanshahian et al., 2013; Patel et al., 2013; Salek et al., 2013; Gao et al., 2014; Sarma et al., 2014).

Gargouri et al. (2011) revealed that the application of an aerobic Stenotrophomonas maltophilia CSTR (continuously stirred tank bioreactor) for the treatment of hydrocarbon-contaminated wastewater is an effective bioremediation technology. Hassanshahian et al. (2013) in his paper conclude that Stenotrophomonas maltophilia have ability to degrade hexadecane more diversity and ability for biodegradation in waste water petroleum reservoirs in Iran. Patel et al. (2013) studied that Strenotrophomonas malthophilia bacteria in a phenanthrene-degrading bacterial consortium (ASP) degraded phenanthrene in the presence of other pollutants, revealing that it efficiently utilized phenanthrene in the presence of a mixture of pollutants. Salek et al. (2013) reported that Stenotrophomonas maltophilia bacteria can use different substances for their growth including both diesel oil and polyglucosides. 

Biosorption and biodegradation of triphenyltin by Stenotrophomonas maltophilia and their influence on cellular metabolism was studied by Gao et al., (2014). The results verified Stenotrophomonas maltophilia can effectively adsorb and degrade triphenyltin. Triphenyltin (TPT) was initially adsorbed by the cell surface of Stenotrophomonas maltophilia and was subsequently trans-ported and degraded intracellularly with diphenyltin and monophenyltin production.

g. Isolat LA271

Based on the alignment results with the database, LA271 isolates has similiarity with bacteria from the group Pseudomonas  aeruginosa with 93% identity value. Furthermore, phylogenetic tree reconstruction was performed using sequence references from the genus Pseudomonas with minimal identity value at least 90%. Outgroup bacteria used for phylogenetic tree reconstruction was Shewanella morhuae. Here is phylogram result constructed by bootstrapping to 100 times.
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Figure 11. Phylogenetic tree based on 16S rRNA gene sequence of bacterial isolate LA271. The tree was constructed using sequences of comparable region of the 16S rRNA gene sequences available in public databases. Neighbour-joining analysis using 100 bootstrap replicates was used to infer tree topology. The scale bar shows the number of nucleotide substitutions per site of 8%.

Based on the calculation results from phylogram above, it can be seen that LA271 isolates have close relations with Pseudomonas aeruginosa with similiarity value of 91.6%. Pseudomonas spp. is a nonpathogenic soil bacterium, it produces greenish fluorescent pigment. The role of Pseudomonas spp.bacteria in the biodegradation, plant growth promoting activities, and detoxification of the toxicants is well documented (Wasi et al., 2013; Souza et al., 2014; Paraneeiswaran et al., 2014; Islam et al., 2014). Various Pseudomonas spp. strains have been reported to have potential biosurfactant activity and detoxification certain organic and inorganic water pollutants (Souza et al., 2014). A promising bioremediation approach was developed to remove [Co(III)-EDTA]_ complex that is generated during the waste management process  by a halophilic solar-salt-pan isolate Pseudomonas aeruginosa SPB-1 (Paraneeiswaran et al., 2014). Sarma et al. (2014) stated that Pseudomonas spp.  has ability as bioremediant of crude oil contaminated soil. It concluded that it was an effective process to clean petroleum contaminant from the environment. Islam et al. (2014) conclude that  P.aeruginosa is an ideal candidate for bioremediation and wheat growth promotion against Zn-induced oxidative stress by improving the availability of necessary nutrient,eliciting antioxidant defense system as well as by lowering the Zn metal uptake. Zinc resistant isolates Pseudomonas aeruginosa showed multiple plant growth promoting activities, when this bacterium was inoculated under Zn stress, it significantly increased root and shoot length as well as the total dry weight of plants (Islam et al., 2014). 


Tabel 2. Analysis of sequencing result selected isolate from solid waste of seaweed processing agar.

	Code of isolates :   

Taxon assignment 
	Size of colony (µm)
	oksidase (oxoid sigma
	Sequensing 16s rRNA result analysis

	
	
	
	% similiarity
	Cellulolytic index

	LA3A : Serratia marcescens
	26.4
	++
	99
	2.75

	LA4K : Chryseobacterium indologenes
	2.65
	++
	96
	2.57

	LA4P : Bacillus pumilus
	3.05
	++
	93
	7

	LA45C : Bacillus cereus
	57.90
	++
	96.1
	0.4

	LA3B: Strenatrophomonas maltophila
	20.71
	+
	97
	3

	LA271 : Pseudomonas aeruginosa
	36.96
	+
	93
	4

	LA24: Strenatrophomonas maltophila
	13.20
	++
	92
	11.0


Sequencing and subsequent  phylogenetic analysis of the 16S rRNA gene identified the isolates as Serratia marcescens, Chryseobacterium indovlogenes, Bacillus pumilus, Bacillus cereus, Strenatrophomonas maltophila, and Pseudomonas aeruginosa (Table 1).
Cellulolytic bacteria species generally are found within the phyla Thermotogae, Proteobacteria, Actinobacteria, Spirochaetes, Firmicutes, Fibrobacteres and Bacteroids. Of these, approximately more than 80% of the isolated cellulolytic bacteria are found within phyla Firmicutes and Actinobacteria (Bergquist et al.,1999). Organisms that are capable of degrading the natural polymer and utilizing it as a source of carbon are ecologically very important. Cellulose is generally will be completely degraded into H2O and CO2 in aerobic systems while in anaerobic systems CH4 and H2 are also produced. Although, most cellulose is degraded by microbe in aerobic environments, 5 to 10% is degraded under anaerobic conditions by a range of physiologically diverse bacteria. Among these cellulolytic bacteria class Clostridia have been well studied and characterized. These bacteria are ubiquitous found in anaerobic soil environments, form endospores and digest cellulose via an exocellular enzymatic complex called a cellulosome, converting cellulose into several different metabolites. 
CONCLUSION

In this research, we have isolated and identified cellulose producing bacteria solid waste of seaweed processing industry. The bacterial isolate was characterized based on 16S rRNA sequence and was identified as Serratia marcescens, Chryseobacterium indovlogenes, Bacillus pumilus, Bacillus cereus, Strenatrophomonas maltophila, and Pseudomonas aeruginosa. Those bacteria likely potential for biodegradation and biotechnological applications on the bioremediation of polluted environments.
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