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ABSTRACT

Chitooligosaccharides (COS) is a derived oligosaccharides mixture produced from
chitosan. COS possess various bioactivity of pharmacological importance. Enzymatic conversion
of chitosan yields COS of defined degree of polymerization, rather than acid hydrolysis. In this
study, chitosanase producing microorganisms, mainly bacteria was isolated from marine soil.
About 25 isolates were screened for chitosanase production based on quantitative determination
of reducing sugar using DNSA method. High enzyme activity exhibiting isolate was identified
using 16S rDNA gene amplification, based on BLAST analysis, the organism was found to be
Bacillus firmus. The enzyme production was maximum during 72 h incubation in static mode.
The maximum enzyme activity was obtained at pH 9, ftemperature 50°C. Thin Layer
chromatography revealed the maximal enzymatic production of COS was observed during 3-7 h.

Hence, this enzyme could be exploited for the production of COS.
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Introduction
Chitosan is a non-toxic biopolymer found its application in various industry like

pharmaceutical, food and wastewater treatment. Besides its application, certain physicochemical
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properties like solubility in acid and high viscosity limits the application of chitosan (Lodhi et
al., 2014).The derivatives of chitosan are chitooligosaccharides (COS) which overcomes the
limitations of chitosan in terms of solubility in water and low viscos nature. COS can be
produced by chemical and enzymatic method. Chemical method produces COS of various degree
of polymerization, whereas enzymatic method produces COS of same degree and length. COS
found to be more active than chitosan and its biological activities was clearly elaborated (Xia et
al., 2010). Reports has demonstrated the hypocholesterolemic effect of COS ( Kim & Rajapakse,
2005). Immunity enhancing and antitumor effects of COS was also evaluated (Suzuki et
al.,1986). Enzymatic production of COS can be carried out by chitosanase, the enzyme produced
by bacteria, fungi and certain plants, which acts on the B1-4 linkage between D-glucosamine
residues in the partly deacetylated chitosan . It is absolutely necessary to isolate the chitosanase
producing bacteria so that the production and purification of chitooligosaccharides can be
simplified. Microbial source of enzyme is usually preferable because it can be produced in large
quantum economically. Several authors reported the isolation of chitosanase producing bacteria,
Bacillus cereus (Gao et al., 2012), fungi Metarhizium anisopliae (Assis et al., 2010),
Chaetomium globosum (Shehata and Aty, 2015). Antimicrobial effect of COS produced by
Pseudomonas CUY8 chitosanase was reported (Wang et al., 2007). Isolation of chitosanase
producer from shrimp wastes was also demonstrated (Wangtueai et al., 2006). Chitosanase
producing Bacillus sp was isolated from seawater and soil (Zakaria et al., 2012). Thermostable
chitosanase gene from Bacillus sp strain CK4 was cloned and expressed in E.coli BL21(DE3) to
produce thermostable chitosanase (Yoon et al., 2000).

Infact, Chitosan is derived from chitin found in the exoskeleton of marine arthropods like
crab and shrimp. The marine soil harbors the chitosan degrading microorganism which could be
exploited for production of COS. Treatment of chitosan with Bacillus cereus D-11crude enzyme
and purification by lon exchange chromatography for COS production was explained clearly
(Gao et al., 2012). COS production using crude enzyme extract obtained from Metarhizium
anisopliae was also carried out (Assis et al., 2010).The aim of this study is to isolate and identify
the chitosanase producing bacteria from marine environment and optimization of physico-
chemical parameters like pH, temperature and incubation time for chitosanase enzyme

production and to produce COS via enzymatic method.
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Materials and methods

Isolation of chitosanase producing bacteria

Soil samples were collected from Tuticorin coastal area. 10°, 107 dilutions were plated
in nutrient agar plates containing 1% chitosan. Selected colonies were cultured in nutrient broth
for 24 h and the culture broth was centrifuged at 6000g to remove the enzyme containing
supernatant. Enzyme supernatant from selected colonies is tested for the release of glucosamine
using Dinitrosalicylicacid method (Sadasivam and Manickam, 2005). One chitosanase unit (U) is
defined as the amount of enzyme that liberated 1 pmol of D-glucosamine per minute under the

assay conditions.
Identification of chitosanase producing bacteria

The selected chitosanase producing bacteria was identified by 16S rDNA amplification.
Total DNA was extracted from overnight grown culture using DNA extraction kit (Himedia
Laboratories Pvt. Ltd., Mumbai, India) and analyzed on 1% Agarose gel electrophoresis. Using
the DNA as template, 16 S rDNA gene region was amplified using primers 16SF
5’AGAGTTTGATCCTGGCTCAG 3°, 16SR 5’ACCTTGTTACGACTTCACCCCAG 3’. The
thermocyclic conditions were initial denaturation at 94°C for 2 min, followed by 30 cycles of
denaturation at 94°C for 1 min, annealing at 52 °C for 45 sec, extension at 72 °C for 1min and
final extension at 72 °C for 10 min. The amplicon of size 1200 bp was sequenced and compared
with several bacterial species using NCBI database. Phylogenetic tree was constructed using

phylogenyfr software.
Optimization of physicochemical parameters

The enzyme was incubated at different pH 6-11, temperature 30 °C — 70 °C and enzyme
activity was determined by estimation of reducing sugars by Dinitrosalicylic acid method.

Culture was incubated at different time intervals 1d- 4d and enzyme activity was determined.
Production of chitooligosaccharides

Mixture of 1ml chitosan and 1ml enzyme was incubated at 50° C for various time

intervals (1h, 2h, 3h, 4h, 5h, 6h). Qualitative estimation of COS production was done by Thin
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Layer chromatography using n-propanol and 30% ammonia water (2:1) as solvent system and

detected by spraying 0.1% ninhydrin reagent.

Results and Discussion

Several isolates were screened for the production of chitosanase enzyme. The isolate
No0.10 was exhibited maximum enzyme activity of 0.050 IU (Figure 1). The genomic DNA of
isolate No.10 was produced amplification at 1200bp corresponding to 16S rDNA gene (Figure
2). On comparison of 1200bp sequence of chitosanase producer with  16S gene sequence of
other bacterial species available in NCBI database, it exhibited 89% similarity with the bacteria
Bacillus firmus and the phylogenetic tree was also plotted (Figure 3). The enzyme was found to
be alkalophilic in nature with the activity, gradually increasing from pH 6 and attain maximum at
pH 9 and then started decreasing gradually till pH11 and falls abruptly beyond pH 11(Figure 4).
It is completely inactive in acidic below pH6. The enzyme was found to have broad temperature
range from 30 °C to 70 °C with maximum at 50 °C, which revealed the enzyme is moderately
thermostable (Figure 5). The enzyme production started at 1d (24h), increases and attain
maximum at 3d (72h) and found to be static till 4d (96h) and started decelerating after 96h
(Figure 6). The enzyme treated chitosan (1%), revealed the formation of chitooligosaccharides
when compared to the raw chitosan in Thin Layer Chromatography (Figure 7). The

chitooligosaccharides production initiated at 1h and slightly increased and stabilized up to 7h.

Chitosanase enzyme is an industrially important enzyme used in the production of
chitooligosaccharides has gained attention recently (Gao et al., 2012; Assis et al., 2010; Shehata
and Aty, 2015; Wangtueai et al., 2006; Zakaria et al., 2012). In this study, chitosanase producing
bacteria was isolated from marine soil and identified using 16S rDNA gene. BLAST analysis
revealed that the bacterium was Bacillus firmus. The enzyme was found to be alkalophilic in
nature and active at pH 9 which is different from the results given by other reports, where the
optimum pH was in the range of pH 4.0 -8.0 (Somashekar and Joseph, 1996). However,
Penicillium janthinellum chitosanase has activity in a range of pH 7-9 which supports our result
(Nguyen et al.,2014). The enzyme is thermostable in a temperature range of 40° C - 60° C with
maximal activity at 50° C which is better than chitosanase isolated from Penicillium janthinellum
and Chaetomium globosum which was stable at 25° C -50° C and 40° C respectively (Nguyen et
al.,2014; Shehata and Aty, 2015). The enzyme production was maximum after 72h incubation at
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37° C, this explains the time required by the bacteria to utilize the chitosan as carbon source and
the enzyme production is inducible by chitosan. Maximal production of enzyme from Bacillus
cereus D11 was achieved at 30° C (Gao et al., 2012) for 3 days. TLC image clearly revealed the
production of COS production begins after the completion of 1h and attains maximum after 3h
and continues till 7h and hence this enzymatic production of COS is more advantageous than
other chitosanase reported, in which 18h incubation was required (Gao et al., 2012).Hence, this

enzyme could be used for the industrial scale production of COS.
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Figure 1. Screening of potent chitosanase producing bacteria

1200 bp

Figure 2. PCR amplification of 16 S rDNA

Lane M: 100bp DNA ladder, Lane 1: 1200bp PCR amplicon
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Figure 3. Phylogenetic tree analysis of chitosanase producing bacteria
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Figure 4. Effect of pH on chitosanase production
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Figure 5. Effect of temperature on chitosanase production
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Figure 6. Effect of incubation time on chitosanase production
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Figure 7. TLC of chitooligosaccharides

Lane 1: raw chitosan, Lane 2: enzyme treated chitosan 1h, Lane 3: enzyme treated chitosan
2h, Lane 4: enzyme treated chitosan 3h, Lane 5: enzyme treated chitosan 4h, Lane 6: enzyme

treated chitosan 5h, Lane 7: enzyme treated chitosan 6h
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