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ABSTRACT

The chitosanase production Waenibacillus ehimensiwas studied in submerged cultures and the chitosan
hydrolysis was evaluated by using these enzymbswtipurification. The bacterium produced inducibenzymes
after 12 h of growth in a culture medium containlg@% (w/v) of soluble chitosan as carbon sourde &nzyme
production was strongly repressed by the presericgluzose. The production started as soon as thaglable
sugars finished in the culture medium. The maxirteval of chitosanase activity was 500 U.at 36°C after 36 h
incubation. The crude enzyme was optimally activgtd 6.0 and 55°C and in these conditions, the mm@zy
presented good stability (6 days). The enzyme uitlparification was used to hydrolyze the chitosamich
resulted chitooligosaccharides between 20 and 30ahieaction.
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INTRODUCTION Chitosan and its derivatives showed functional

properties making them useful in many fields
Chitosan, a D-glucosamine polymer, is a totally oincluding, food, cosmetics, medicine and
partially deacetylated derivative of chitin. Chitin pharmaceuticals (Shahidi et al. 1999; Kim and
can be extracted from shrimp or crab shells and i8ajapakse, 2005)However, its poor solubility
second most abundant polysaccharides in th®akes the chitosan difficult to be used in food and
nature, with an annual production of'd@® 10 biomedical applications. On the other hand,
tons (Kumar, 2000; Kurita, 2001). The chitosan oligosaccharides (COS) are readily
accumulation of large amounts of crustaceansoluble in water due to their shorter chain lengths
processing discard has become a major concern amd free amino groups in the D-glucosamine units
the seafood processing industry. This waste hdsi et al. 2005). COS, composed of 2 to 10 units of
been a challenge for shellfish-production.D-glucosamines, are easily absorbed in the
Therefore, the production of high added-valudntestine and quickly get into the blood flow. COS
products, such as, chitin, chitosan and theialso present a systemic biological effects in the
derivatives along with their application in diffate organism, such as antitumor, prebiotic and
fields are of utmost interest (Shahidi et al. 1999)
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antimicrobial activities (Kim and Rajapakse,1.5 mL of 10% (v/v) glycerol solution was added
2005). on the bacterial cells and they were stored at -20
Conversion of chitosan into COS can be donand -196°C.
either by acid or enzyme hydrolysis. Chemical
hydrolysis is carried out at high temperaturedaterials
under highly acidic conditions, resulting in a karg Chitosan was purchased from Sigma-Aldrich Co.
amount of glucosamine (chitosan monomer), duéSt. Louis, Mo.). Other reagents were of analytical
to the difficulties in the formation process coihtro grade.
Therefore, this method produces low yields of
pentamers and hexamers. Enzymatic hydrolysiBreparation of soluble chitosan
has some advantages in producing COSSoluble chitosan was prepared as follows: 10 g of
Chitosanases can catalyze the hydrolysis undeowder chitosan was suspended and dissolved
mild conditions (Kuo et al. 2004; Ming et al. 2006)through stirring in 1 L of HCI solution (0.1 M).
Chitosanases have been recognized as enzymasoluble materials were removed by filtration
that attack chitosan but not chitin and defined athrough sintered glass filter and the pH of the
the enzyme performing endohydrolysis [Bfl,4- solution was adjusted to 7.0 by wise drop addition
linkages between D-glucosamine residues in af 10 N NaOH for enzyme production and 6.0 for
partly acetylated chitosan (Su et al. 2006)oligosaccharides production (Choi et al. 2004).
Chitosanase has been found in a variety of
microorganisms, including various bacterialEnzyme production in submerged cultures
species (Kurakake et al. 2000; Choi et al. 2004&or the production of chitosanase, the culture
Kim et al. 2004; Su et al. 2006; Sun et al. 2007medium consisted (gl): peptone 6.0, yeast
Zhu et al. 2007; Gao et al. 2008; Wang and Yelextract 6.0, glucose 1.0, ,HPO, 1.0,
2008; Wang et al. 2008a; Wang et al. 2008b) aniigSO,.7H,O 0.5 and soluble chitosan 2.0. The
fungi (Chen et al. 2005; Ike et al. 2007). initial pH was adjusted to 7.0 with NaOH and the
Although, microbial chitosanases shows excellermnedium was sterilized by autoclaving at 121°C for
performances in COS production, they arel5 min. The above medium (45 mL in 250 mL
expensive to be utilized in large-scale industriaErlenmeyer flasks) was inoculated with 5 mL of a
applications, because enzyme hydrolysis requirgwe-culture in exponential growing phase as
multi-steps, particularly, enzyme preparation angbreviously defined (Pagnoncelli et al. 2007) and
purification. incubated on an orbital shaker at 36°C and 120
In an attempt to obtain a chitosanase which coulgpm. Triplicate flasks were withdrawn at regular
be used without purification for chitosanintervals and analysed for reducing sugars,
oligomers production, a bacterium isolated fromenzymatic activity and pH. Then the contents were
soil rich in chitin was employed in this work. The centrifuged at 12.000 rpm for 15 min and the cell-
induction and the production of chitosanoliticfree supernatant was used for analysis.
enzymes from Paenibacillus ehimensiswere
studied. The chitooligosaccharides obtained usingnzyme assay
these crude enzymes and the enzymes stabilifhitosanase activity was assessed in triplicate by
were also evaluated. measuring the reducing sugars produced from
chitosan hydrolysis. Five hundred microliters of
the supernatant (crude enzymes) was mixed with

MATERIALS AND METHODS 500 pL of soluble chitosan (pH 6.0), and the
reaction mixture was incubated for 30 min at®&5
Microorganism and maintenance of culture To stop the reaction, 2.5 mL of dinitrosalicylic

The bacterial strain used in this study was th@cid was added and the reducing sugars were
Paenibacillus  ehimensis NRRL B-23118, measured immediately by using DNS method
previously isolated from a soil sample collected i(Miller, 1959) with D-glucosamine as the
Japan (Kuroshima et al. 1998). The strain wastandard. One unit of chitosanase was defined as
activated in nutrient broth for 48 h at 36°C. Hme t the amount of enzyme that released 1 pmol of D-
maintenance, the supernatant was removed Igucosamine per minute under the conditions
centrifugation at 2500 rpm for 15 min at 20°C andlescribed above.
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Effect of temperature on chitosanase activity on silica gel 60 plates (Merck) and developed in a
To determine the optimum temperature, theolvent system composed of n-butanol: 30%
supernatant and the soluble chitosan wer@mmonia water (2:1, v/v) (Choi et al. 2004). COS
incubated at 30-85°C for 30 min in acetatstandard (obtained from Seikagaku Co) were run
buffer (pH 6.0). The reducing sugars werdn parallel to the COS mixture. After solvent

: : : development, plate was dried by hot air and
measured immediately by using DNS rnethOd‘lmmersed in a saturated silver nitrate solutiof@ (0.

. . g/ 200 mL acetone). Plate was dried by hot air
Effect of pH on chitosanase act!V|ty again and COS were detected by spraying the plate
For the measurement of optimum pH, th&ith 0.5 N sodium hydroxide/ethanol solution then
supernatant was incubated with solublgeating at 80°C for 20 min (Hsiao et al. 2008).
chitosan at 3.0 and 9.0 at 55°C for 30 min.
The reducing sugars were measured
immediately by DNS method. RESULTS AND DISCUSSION

Stability on chitosanase activity Enzyme production

The thermal stability of the enzymes wasFigure 1 shows the time-course profile of
investigated after incubating the supernatant fcchitosanase production B. ehimensisn a basal
six days at 55°C in absence of the soluble chitosimedium containing soluble chitosan. Chitosanase
(substrate) at pH 6.0, 7.5 and 9.0. Aliquots werproduction started after the total glucose
sampled and the remaining activity was assayed consumption by the microorganism, reaching a

the optimum pH and temperature as previousimaximum at 36 h (500 U). While the culture
determined. medium had glucose as carbon source, the enzyme

production induction was not seen and it started
Analysis of hydrolytic product of soluble When the glucose levels dropped to 0.2'gThus,
chitosan the chitosanase produced 1B ehimensiswas
The reaction mixture, consisting of 2 mL of 1%inducible like most of reported chitosanases. These
(w/v) of soluble chitosan and 2 mL of supernatar€nzymes might be synthesized in the presence of
(crude enzymes), was incubated at 55°C for 9 |€ither their substrate in the surrounding medium or
The reaction was stopped by boiling for 10 mincompounds  structurally related to them, a
followed by centrifugation at 12.000 rpm for 15behaviour common in all the inducible enzymes
min and filtered. The COS mixture was analyze(Suto and Tomita, 2001; Costa et al. 2008).
by TLC. The reaction mixture (30 pL) was spotted
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Figure 1 - Chitosanase production, reducing sugar consumptidnpH as a function of cultivation

time of Paenibacillus ehimensigrown at 36°C on soluble chitosan in shake flagis.
pH, (e) reducing sugar an@) chitosanase activity.
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The pH of the medium initially dropped as glucoseninutes of a enzyme / substrate (1:5) reaction. The
consumption started, but as soon as the enzynhéghest level of chitosanase activity in tBacillus
production was initiated, the pH started to risecereusD-11 culture after cultivation for 72 h was
This indicated that some organic nitrogen wa#.85 U.mL*, but this activity was investigated
being consumed with consequently ammoniafter 30 minutes of enzyme / substrate (1:45)
formation. It was observed that during the enzymeeaction (Gao et al. 2008). Chitosanase produced
production in the absence of simple sugars such &y Microbacterium sp OUO1 after 96 h had a
amylase, chitinase and chitosanase, thmaximum chitosanase activity of 118 U.ihlafter
microorganisms needed to use the nitrogen sourc&s minutes in contact with a 1% chitosan solution,
for energy. The subsequent decrease in the enzyriee relation between enzyme and substrate was
activity after 36 h could probably be due to thel:10 (Sun et al.,, 2007). The activity of the
inactivation of the enzymes by other constituenthitosanase produced by. ehimensis was
such as proteases (Sumantha et al. 2006). Kinetiegsaluated after 30 minutes and the relation
studies of chitosanase and chitinase production byetween the substrate and enzyme was 1:1, and
Sphingomonasp. CJ-5 an®seudomonasp TKU  probably, with increasing the substrate the enzyme
015 and chitosanase production byactivity will also increase. In this work, the
Microbacteriumsp OUO1 anderratia marcescens enzyme production conditions were satisfactory,
TKUO11 have shown the same behavior (Sun et adince the most important was the time of
2007; Zhu et al. 2007; Wang et al 2008a; Wang ailigosaccharide formation and the use of one
al, 2008b). This way the chitosanase activityenzyme without purification as well.

obtained by these microorganims should not be

compared to the activity obtained using theEnzyme activity optimal conditions

enzymes produced bl. ehimensisbecause the Chitosanases produced by othdBacillus sp.
reaction conditions were different, like thestrains showed optimum activities at pH values
substrate added in the reaction and the time of theetween 4.0 and 8.0, the optimum temperatures of
reaction. activity have been reported to be in the ranges 30-
Chitosanase produced WBseudomonasp TKU 70°C (Kurakake et al. 2000; Aktuganov et al.
015 after 72 h had a chitosanase activity of 22003; Jo et al. 2003; Choi et al. 2004; Kim et al.
mU.mL?, and after 30 minutes in contact with a2004; Su et al. 2006; Gao et al. 2008; Wang and
1% chitosan solution, the relation betweenyeh, 2008). The effect of pH and temperature on
substrate and enzyme was 2:1 (Wang et al 2008ahe catalytic activity of chitosanase fromR.

Best results were obtained using chitosanase froghimensisvas studied by using soluble chitosan as
Sphingomonassp. CJ-5, 0.9 U.mt after 30 substrate changing the pH and temperature during
minutes, in the same conditions using the enzymehke assay.

produced by P. ehimensis,but the enzyme The enzyme activity was assayed at temperatures
production reaching a maximum only after 96 hranging from 30 to 85°C at a constant pH of 6.0.
(Zhu et al. 2007). A 72 h old culture 8krratia Chitosanase presented constant activity from 50 to
marcescens TKUO11 presented a chitosanse75°C (Fig. 2). For practical purposes, further
activity around 0.025 U.mt which wan after 30 assays were carried out af65
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Figure 2 - Effect of temperature on chitosanase activity poedibyPaenibacillus ehimensis.
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The effect of pH on the catalytic activity wasproduced byP. ehimensisthe residual activity was
studied by using chitosan as a substrate under theeasured after incubation of the supernatant at
standard assay conditions. The experimentalarious pH for 6 days at %5 in the absence of
domain was set for pH between 3.0 and 9.0. Theubstrate (soluble chitosan) and the residual
enzyme had an optimum pH at pH 6.0 (Fig. 3).  activity was measured along the time (Fig. 4).

The chitosanase produced was stable at pH 6.0,
Enzyme stability lost around 5% activity at pH 7.5 and 60% at pH
To determine the thermal stability of chitosanas®.0.
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Figure 3 - Effect of pH on chitosanase activity producedPaenibacillus ehimensis.
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Figure 4 - Effect of temperature on the stability of chitoas@ at pH 6.0¢), 7.5 ¢) and 9.0 &).

Enzymes exposed to extremes pH andfter 60 min at this temperature (Wang et al.
temperatures lose activityMicrobacterium sp  2008b). Chitosanase purified from the culture of
OUO01 produced two chitosanases, which lost thBseudomonassp TKUO011l presented 40% of
activity easily. One was optimally active at 50°Cactivity lose when exposed for 30 min at 50°C
and the half-life was 30 min, the other enzymgWang et al. 2008a). Purified chitosanases
presented optimal temperature of 60°C and aftgeroduced byB. cereusS1 exposed for 30 min at
20 min half activity was detect (Sun et al. 2006)50°C lost 35% of enzyme activity. Enzyme
After purification, chitosanase produced byexposition for the same time at 60°C resulted in
Serratia marcescensTKUO11l presented the complete enzyme denaturation (Kurakake et al.
optimum temperature of 60°C, but was rapidly2000). Purified chitosanases producedBagillus
inactivated retaining only 60% of its initial adty ~ sp. KCTC 0377BP showed maximum activity at
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60°C, but in 5 min exposure at this temperature?. ehimensigsupenatantyvere analyzed by TLC
the activity was half reduced (Choi et al. 2004)(Fig. 5). The synthesis was carried out at pH 6.0
Purified enzymes produced I8/ subtilisshowed and 55°C (optimum activity conditions) containing
optimal activity at 37°C and after 60 min, half1% (w/v) of soluble chitosan. Chitosan was
activity was lost (Wang and Yeh, 2008). Purifiedhydrolyzed to (GIcN) and (GIcN} at the initial
enzyme fromBacillus sp. MET 1299 showed stage of the reaction. After incubation for 2 ke th
optimal activity at 60°C and after 60 min, 80% ofamounts of (GIcN) and (GIcN} in the
activity was lost (Kim et al. 2004). The crudehydrolysates increased.
chitosanases produced W, ehimensisshowed COS was obtained after 20 min of reaction and
higher stability at optimal activity condition their maximum concentration (visualized by the
compared to purified chitosanases produced bspot intensity on TLC plate) was obtained between
other microorganisms. The high stability of the20 and 30 min of reaction. The crude chitosanase
enzyme is important for industrial applications ofenzyme complex frorR. ehimensigproduced COS
the crude enzymes, which could reduce thevith different sizes, suggesting that the mode of
process costs. action of the enzyme was endo-type (Chen et al.
2005). The crude enzymes resulted in COS profile
Analysis of chitosanase hydrolytic products of comparable to that obtained using purified
soluble chitosan chitosanases produced by other microorganisms
The products obtained by enzymatic hydrolysis ofKim et al. 2004; Ike et al. 2007).
soluble chitosan using the crude chitosanases from

- (GICN)Z

- (GICN)3
- (GICN)4

- (GICN)5
 (GleN)s

Figure 5 - TLC profiles of chitooligosaccharides producedhia hydrolysis of soluble chitosan by
crude chitosanase frorRaenibacillus ehimensisLane A-H, present hydrolysates
obtained after enzyme reaction for 10, 20, 30 rhin2, 3, 6 and 9 h; Lane S, COS
standard.

CONCLUSIONS conditions being suitable for direct utilization
without purification.
In this work, the inductive chitosanase effect offhe crude chitosanases hydrolyzed soluble
chitosan orP. ehimensif- 23118 was observed. chitosan into biofunctional oligomers (COS). The
The chitosanase obtained by this microorganismise of crude enzymes instead purified ones, are of
showed maximum activity at pH 6.0 at 50-70°C.industrial interest because enzyme purification
Thus, 55°C was chosen as the optimunsteps are expensive steps in industrial enzyme
temperature for further assays. Crude enzymeroduction. Crude chitosanase frdm ehimensis
showed good stability at optimum activity B-23118 showed good industrial potential.
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