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Abstract: Bacillus alvei NRC-14, a potent chitosanase producer, secreted extracellular chitosan-degrading

enzymes in presence or absence of the substrate chitosan. Extracellular secretion of chitosanase reached levels

corresponding to 2.2 U/ml and 2.0 U/ml using soluble chitosan or glucose, respectively, as a carbon source.

When chitosan was used as a growth substrate, the bacterium produced two chitosanases, chitosanase A and

chitosanase B. The highest activities of chitosanases were produced with chitosan and fungal chitin or chitosan.

Chitosanases were purified by precipitation with ammonium sulfate followed by CM-cellulose chromatography.

Chitosanase A exhibited substrate specificity for chitosans with different degrees of acetylation; while

chitosanase B possessed specificity for chitobiose and N-acetylglucosamine. Viscosity of chitosan was rapidly

decreased by the crude enzyme(s) compared to the purified chitosanase.

Key words: chitosanases properties, Bacillus alvei.

INTRODUCTION

Chitin, a â, 1-4-linked N-acetylglucosamine, found

naturally in the exoskeletons of insects, shells of

crustaceans and as a major component in fungal cell

walls. It is insoluble in acids or organic solvents as well

as water. Chitosan is a partially deacetylated form of

chitin. The repeating units of chitosan are B-1,4-linked

glucosamine.Thus, chitosan contains a large number of

hydroxyl and amino groups. These two functional groups

provide several properties for chitosan and its derivatives,

which are more flexible and soluble polymers. Since

chitosan is non-toxic and biocompatible with the human

physiological system, it has been investigated for use as

wound healing pads and drug carries  and their low[26]

molecular  weight  derivatives  will  also  be  examined

for use as a functional food. The functional groups of

chitosan, solution properties, physical and chemical and

biological activities make chitosan and its derivatives

more attractive biopolymers for potential applications in

biomedical, pharmaceutical, agricultural and food

industry fields . Chitosanases have been found in a[5]

variety of microorganism including bacteria , fungi and[21]

yeasts  and are found also in plants. Chitosanases are[6]

prime tools for converting chitosan into oligosaccharide

units without the use of chemical depolymerization

method in which concentrated hydrochloric acid is used

and which result in commercial products of inconsistent

physio-chemical characteristics such as the degree of

acetylation. The difference between chitosanases and

other enzymes, such as chitinases and lysozymes is

sometimes obscur, especially in case of enzymes that

display activity toward various substrates. It is thought

that the ability to hydrolyze a 100% deacetylated chitin

(i.e, chitosan) is an important criterion for classifying an

enzyme as chitosanase. A bacterial strain of the genus

Bacillus was isolated from Egyptian soil, produced

chitosanase in presence or absence of the substrate,

chitosan. This strain produced high chitosanase, chitinase

and protease activities when grown with shrimp shells as

a carbon source . Crude culture supernatant from the[1]

cultivation medium of this strain effectively hydrolyzed

chitosan. In this paper, identification of the strain and

optimizing of the culture conditions for production of

chitosanase were reported. Some properties of the crude

and purified enzymes were also examined.

MATERIALS AND METHODS

Microorganisms and Culture Conditions: Chitosan-

assimilating bacteria were isolated from soil samples

following a selective enrichment technique in liquid

medium  containing: (g/L) KH2PO4, 2.0; K2HPO4,[23]

1.0, MgSO4.7H2O, 0.5; NaCl, 0.5 ; CaCl2, 0.1; yeast

extract, 0.5 and solubilized chitosan 1.5; the medium was

adjusted to pH 6.0 . Cultures were grown at 30°C under[6]

shaking conditions for 5d. One strain, was chosen as a

potent chitosanase producer, was tested for the production

of chitosanase in the above liquid medium using different

carbon  sources  under  the  same  culture  conditions.

Cells were sedimented by centrifugation and the culture

supernatant was used for a chitosanase assay. 
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Enzymes Assay: Chitinase activity (against colloidal

chitin) and chitosanase activity (against soluble chitosan)

were detected at pH values of 7.0 and 5.6, respectively, by

the Nelson method . Results are expressed as micro[16]

mole N-acetylglucosamine (NAG) and glucoseamine

(GA) as the standards. D-N-glucosamine was determined

by the method of Caplin .[4]

Assay for Protein Content: Protein was detected by the

method of Lowry (1951) using bovine serum albumim as

the standard.

Purification of Chitosanase: All purification procedures

were performed at 4°C. Culture broth (500ml) was

centrifuged at 6000 g to remove culture debris. The

supernatant was lyophilized and the crude lyophilizate

was suspended in a minimal amount of 0.2M acetate

buffer (pH 5.6).This mixture was stirred for 1h,

centrifuged to remove insoluble material (5000g,15min)

and the supernatant was dialyzed against  the  same

buffer. The dialyzed enzyme was subjected to 50-95%

(NH4)2SO4 fractionations. The precipitate was collected

by centrifugation (5000g, 15min.), dissolved in acetate

buffer  and  dialyzed against the same buffer. The

dialyzed sample was loaded onto sephadex G-100 column

(50×2.5cm) equilibrated with 0.5M acetate buffer pH 5.6.

Elution was carried out with linear gradient of 1M NaCl

in the same buffer at a flow rate of 25ml/h and 3-ml

fractions were collected. The fractions containing the

enzyme activity were pooled. 

Enzymatic Hydrolysis of Chitin and Chitosan: Crude

and purified chitosanases of B. alvei NRC-14 culture were

tested for hydrolyzing chitin, chitosan with different

degrees of deacetylation and other various substrates. The

reaction mixture (3ml) for enzymes assay is consisted of

1.0 ml of enzyme solution, 1.5 ml of 0.2 M acetate buffer

(pH 6.0) and 0.5 ml substrates at a concentration of 1%.

After incubation at 40°C for 10 min., reducing sugars

were measured. One unit of enzyme activity was defined

as the amount of enzyme that released one micro mole of

reducing sugars per minute at 40°C with NAG or GA as

standards.

Preparation of Chitosans: Chitosans with different

degrees of deacetylation were prepared by the methods of

Sannan et al.  and Kurita et al. .[20] [11]

Measurement of Viscosity: The degree of chitosan

hydrolysis was measured by viscosity reduction of the

chitosan solution using a Brookfield viscometer type LV

(at 50 rpm).

Chemicals: Chitosan (30% acetylated), D-glucosamine,

N-acetylglucosamine, chitobiose and bovine serum

albumin were purchased from Sigma Chemicals Co.

Carboxymethylcellulose is from Fluka. Commercial chitin

(from crab shells) was gifted by Professor Dr. Foda. M.

S., Microbial Chem. Lab, NRC, Cairo. Colloidal chitin

was prepared by the method Monreal and Reese .[14]

RESULTS AND DISCUSSION

Results:

Isolation of Chitosanolytic Bacterium: During the

screening experiments, colonies which formed large-clear

zone on chitosan agar plates were isolated and tested for

extracellular chitosanolytic activity in liquid media. One

strain, that was the most potent chitosanase producer, was

identified Bacillus alvei as described in Bergey's Manual

of Systematic Bacteriology . The organism was Gram-[9]

positive, facultative anaerobic, motile, catalase positive,

V.P. test positive, citrate negative and hydrolyzed casein,

gelatin and starch. The strain showed similarities to

Bacillus  circulans,  but  differed  in  some  properties

such as production of indole and dihydroxyacetone. The

separation of B. alvei from B. circulans relies principally

on the production of indole and dihydroxyacetone .[9]

Moreover, for preliminary differentiation of B. alvei from

other species, forming motile colonies and their free

spores lie side-by-side in long rows on the agar . This[9]

characteristic was helpful, therefore this bacterial isolate

was tentatively identified B. alvei.

Enzymes  Produced  by  B.alvei NRC-14: B. alvei

NRC-14 exhibited high levels of chitosanase when it was

tested for extracellular chitosanolytic activity in presence

or  absence  of  the  substrate,  chitosan. As shown in

Table 1, the enzyme is produced with chitosan or

chitosan-containing substrates as well as glucose. These

results suggested that the chitosanolytic enzyme(s) of

strain NRC-14 was produced constitutively or was not

susceptible to catabolite repression.

Table 1: Production of chitinase and chitosanase by B.alvei NRC-14

with different carbon sources

Substrate Chitinase (U/ml) Chitosanaseb (U/ml)

Flaked Chitin 0.1 0.7

Colloidal Chitin 0.2 1.0

Flaked Chitosan 0.1 1.7

Soluble Chitosan 0.3 2.0

Fungal Chitin 0.5 1.5

Fungal Chitosan 0.1 1.8

Shrimp Shells 1.4 0.9

Crystaline Cellulose 0.1 0.8

CM -cellulose 0.2 1.0

Xylan 0.0 0.5

Glucose 0.0 2.0
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Table 2: Purification procedure of chitosanase A.

Step Total protein (mg) Total activity (U) SP.act. (U/mg) Purification fold Yield (%)

Culture broth 300 1150 3.8 1.0 100

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Crude lyphilizatet 160 930 5.8 105 81

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

50-90% (NH4)2SO4 fraction 9 446 49.5 13.0 39

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CM C elute 1.2 223 185.8 49.0 19

Fig. 1: Cell growth (") and extracellular chitosanase activity (M) of strain NRC-14. 

Cells were grown in chitosan liquid medium (A) and glucose- liquid medium (B) at 30 C, under shaking0

conditions. At appropriate intervals, cell density was measured at 660 nm (O.D.660nm) and chitosanolytic

activity in the culture fluid was determined using chitosan (30%acetylated) as the substrate.

Relatively low levels of chitinase were detected when

the organism was grown with insoluble polysaccharides,

except with shrimp chitin when it was used as a carbon

source (Table 1). Worthy mentioning is that, high levels

of glucosamine were detected in the culture broth when

soluble chitosan is used as a sole carbon source,

suggesting  strain  NRC-14  to  be capable of secreting a

B-D-glucusoaminidase which catalize the hydrolysis of

chitobiose oligemers to yield glucosamine (the monomer

of chitosan hydrolysis).

B. alvei NRC-14 was investigated for extracellular

chitosanase productivity using chitosan-liquid medium or

glucose-liquid medium for growth. The growth rate in

glucose-medium  was lower than that in chitosan-

medium;  the  strain  grew  well   in  chitosan-medium

(Fig. 1). However, the level of chitosanase activity was,

approximately, the same in both cultures after 2 days.

Moreover the levels of chitosanase activity, in chitosan-

medium, remained low while the cells were growing

exponentially and began to increase when the cultures

reached the stationary phase (Fig. 1), whereas the levels

of chitosanase activity in glucose-medium were detected

in early stages of growth. This Indicated that secretion of

chitosanase in chitosan-medium may depend on the

growth phase and cell density. These results are closely

accordant to those reported by Shimosaka et al.  for a[21]

chitosanase produced constitutively by Acimetobacter sp.

strain CHB101.

Purification of Chitosanase: When soluble chitosan

(30% acetylated) was used as a sole carbon and nitrogen

source, the activity eluted in two separate peaks during

the chromatography step. These two peaks designated

chitosanase A and B, respectively. The relatively low

specific activity and overall yield of chitosanase B have

permitted only limited characterization. Only purification

scheme of chitosanase A was achieved. Chitosanolytic

activity of chitosanase A was purified about 49 fold, with

an overall yield 19% from culture broth (Table 2). Final

specific activity was approximately 186 U/mg proteins.

Substrate Specificity: Activities of chitosanase A and B

with various substrates were tested. As shown in Table 3,

chitosanase A effectively hydrolyzed soluble chitosan

(30% acetylated), cellulose and CM-cellulose, whereas,

chitosanase B was highly active with the low molecular

mass substrates, i.e., chitobiose and NAG. The relative

activity of chitosanase B reached 122 and 160 on

chitobiose and NAG, respectively. This result suggests

chitosanase B to be called a chitobiosidase.

In fact, chitosanases from strain NRC-14 showed

specificity toward colloidal chitin, soluble chitosan

cellulose and CM-cellulose, as well as chitosans with

different degrees of D.A. (Table 3). Kim et al.  reported[10]

that the purified chitosanase produced by Bacillus sp.

MET1299 showed high activity on 90% deacetylated

chitosan,  but  did  not  hydrolyzed  colloidal  chitin or

CM-cellulose,  similar   to   the   chitosanases  produced

by Gongronella sp.JG and Bacillus cereus D-11.

Chitosanases from strain NRC-14 may offer potential

applications  in  biocontrol  against  plant pathogenic

fungi,  for  preparation  of  low  molecular weight

chitosan,  or  for bioconversion of waste materials to

useful products.
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Table 3: Substrate specificity of chitosanase A and B.

Relative Activity (%)*

-----------------------------------------------------

Substrate Chitosanase (A) Chitosanase (B)

Powdered Chitin 70 45

Colloidal Chitin 80 60

Chitobiose 49 122

NAG 75 160

Soluble Chitosan 100 55

Crystalline Cellulose 92 30

CM -cellulose 95 35

Xylan 75 0

Soluble chitosan:

30% 100 40

-76% 123 25

-99% 125 0

*M aximum values of chitosanase activity on soluble chitason (30%

acetylated) was set at 100% (control)

Effect of pH on Activity of Chitosanase A

Fig. 2: Effect of pH on activity of chitosanase A. 

The enzyme activity was measured at various pH

values ranging from pH 4.0 to 7.0, using acetate

(") or sodium acetate (M) buffers, under standard

assay conditions. Maximum values of enzyme

activity were set as 100%.

The solubility of most polysaccharides such as

cellulose, xylan, granular starch and chitin, is poor. This

is the main reason why such natural polymers cannot be

degraded effectively by microorganisms. However, the

amino group at the C-2 position of the sugar ring leads to

a unique intrinsic property of chitosan in terms of

solubility in aqueous solution . At lower pH (<5.0) the[13]

amino groups on the polysaccharide are extensively

protonated, resulting in a strong solvolysis of the polymer

chain with water molecules. Whereas, at pH (>7.0), the

solubility of chitosan decrease considerably; chitosan

became colloid and is found to be resistant to enzymatic

cleavage . To optimize the enzymatic degradation of[13]

chitosan, the pH condition is crucial. The purified

chitosanase produced by strain NRC-14 exhibited

maximum activity when the pH value approached 5.5-0.6,

whereas at pH values higher than 6.5 the enzyme activity

sharply decreased (Fig. 2).

Fig. 3: Reduction in viscosity of chitosan solution (30%

acetylated) with the purified chitosan, (M); and

the crude enzyme(s), (#); and reducing sugars

(�) librated after hydrolysis of chitosan by the

crude enzyme. The measurement of viscosity

prior to the addition of enzymes served as a

control for assay of reducing sugars, the

measurement at 48 h served as reference and was

set at 100%.

Reduction in the Viscosity of a Chitosan Solution: To

investigate the reduction in viscosity of a chitosan

solution 30 % acetylated, both the crude enzyme and

purified chitosanase A were used. As shown in Fig. 3, the

crude enzyme(s) in the culture supernatant of strain NRC-

14 reduced the viscosity of the chitosan solution

extensively in early stages of the reaction comparatively

to the purified enzyme. The lack of reduction in viscosity

in the reaction mixture by the purified enzyme might

indicate that the enzyme hydrolyzed chitosan in an endo-

type manner. Furthermore, rapid decrease in viscosity by

the crude enzyme(s) suggests that the crude preparation

may contain chitosanolytic enzymes of both endo- and

exo-type which completely hydrolyze chitosan to yield

glucosamine monomers. The actions of these types of

enzymes are known to be synergestic and consectutive .[22]

Taking into account the differential behaviour of such

enzymes, in attacking polysaccharides with different

chemical structure, it could be postulated that these

enzymes are produced by microorganisms to utilize

different polysaccharides as a nutrient source. In nature,

such active microorganisms play an important role in

achieving a balance in soil microbial communities and

soil enzyme activities .[15]

Discussion: The chitinolytic and chitosanolytic system of

B. alvei NRC-14 includes low chitinase activity and

abundantly chitosanase  activity  when  different

polysaccharides were  used  as  sole  carbon sources. This

character leads us   to   study   the   adhesion   of 

chitinase   to  insoluble polysaccharides; a mechanism by

which the enzyme exhibit low activity . Results[25 ,19]



J. Appl. Sci. Res., 4(10): 1285-1290, 2008

1289

revealed that chitinase strongly adhered to insoluble

substrate after secretion by the strain. Moreover, to assess

whether the binding of the enzyme to chitin is specific,

the capacity of chitinase to bind to polysaccharides such

as chitin, chitosan and avicel was evaluated. Results

indicated that the chitinase produced by strain NRC-14

has a broad affinity for insoluble polyaccharides (data not

yet published). In the present study, strain NRC-14

constitutively produce chitosanases, moreover, the growth

medium for strain NRC-14 was not supplemented with

vitamins or traces of heavy metals, furthermore, only

small concentrations of yeast extract can favor

chitosanase production by the strain, which indicates that

strain NRC-14 does not require specific growth factors.

During growth of strain NRC-14 with soluble

chitosan as carbon and nitrogen sources, high levels of

glucosamine were detected after 48h of growth. These

results suggest that strain NRC-14 may secret a

chitobiosidase  enzyme.  The  rapid decrease in viscosity

of the chitodsan solution (Fig. 3) may suggest the

presence of an endochitosanase activity followed by an

exochitosanase activity. It has been reported that different

enzymes are known to be produced with different

substrates  in  different growth phases of a culture ,[16]

thus, when strain NRC-14 was grown with fungal chitin

as carbon and nitrogen source, each of chitinase,

chitosanase, B, 1-4 glucanase and protease were detected

in the culture broth. This feature is of great importance for

biological control of fungal plant pathogens. As the

activity of chitinase from strain NRC-14 is low because of

adhesion to insoluble polymeric substrates, it was

suggested that chitosanases in the crude preparation are

the main enzymes responsible for hydrolysis of chitin

causing degradation of fungal cell walls that consisted

mainly of chitin and glucan .[2]

Chitosanases from strain NRC-14 showed broad

specificity for various substrates such as cellulose, CM-

cellulose, chitobiose as well as chitosans with different

degrees of deacetylation. These facts may suggest that: 1)

strain NRC-14 may secretes an enzyme system which

makes it possible to degrade chitinous polymers with a

wide range of acetylation (from 0%, i.e. chitosan to 100%,

i.e. chitin) and; 2) the hydrolysis of 99% deacetylated

chitosan  by  chitosanase from strain NRC-14 revealed

that the N-acetyl residues in the chitosans are not

important  in  recognition   mechanism  of  the  substrate

by the enzyme; in  earlier  studies  it  was suggested that

the presence of N-acetyl groups in the chitosan polymer

are of great importance for recognition of the substrate by

the enzyme.

To data, chitosanases that have been sequenced, so

far, have been classified into four different families in the

classification system of glycosyl hydrolase: families 8, 46,

75 and 80 . This classification of the chitosanases is[7 ,8]

based on the amino acid sequence similarity of their

catalytic domains. Family 8 includes five bacterial
organisms exhibited chitosanase activity along with

cellulase, endoâ-1,4-xylanase and licheninase . Strain[12 ,27]

B. alvei NRC-14 produced different extracellular enzymes

and  exhibited broad specificity for various substrates.
The chitosanase gene of strain B. alvei NRC-14 will be

identified.
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