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Abstract 

Chitinases (EC 3.2.1.14), which hydrolyze β-1,4-glucosidic bonds of chitin are widely distributed in the biological word and have received an increased 

attention during the last two decades due to their wider range of biotechnological applications specially in the agricultural, medical, industrial and 

environmental fields. To improve the chitinase production of Bacillus sp. R2 ,two cell immobilization strategies were conducted. The physical 

adsorption on different carriers showed that the highest chitinase activity was obtained by the carrier luffa pulp followed by flaked crab shell chitin with 

enhancement of 1.42 and 1.27 fold respectively. The entrapment immobilization in different gel matrices indicated that cell entrapment in 2% agar and 

2% calcium alginate gave the highest chitinase activity 44 U/ml and 42.51 U/ml, respectively. The successive reuse of immobilized cells was 

investigated for 7 cycles over a period of one month. The results revealed that agar beads retained 100% or more of its original chitinase activity after 4 

cycles and 86.5%, 75.5% and 60.9% of activity after the 5th, 6th and 7th cycle respectively. On the other hand the alginate beads 2% and 4% retained 

more than 65% and 79.5% of their initial activity after 4 cycles. The effect of storage stability of beads on cell viability and chitinase production also 

was examined. The result showed that the longer shelf life was attained with agar beads which retain 50% of its initial activity after one month. From 

these optimizations, we recommend the physical adsorption immobilization on luffa pulp carrier for chitinase continuous production. 

Keywords: Bacillus sp.R2; chitinase; cell immobilization; physical adsorption; entrapment 

 

Introduction 

hitin, a β- (1-4) homopolymer of N-acetyl - D- glucosamine (Glc 

NAc), is the second most abundant polysaccharide existing in 

nature after cellulose. It is a major structural component of most 

biological systems such as mollusks, insects, crustaceans, fungi, algae and 

marine invertebrates [1]  . Chitin and its derivatives are of commercial and 

biotechnological interest because they have various biological activities and 

wide range of applications in areas ranging from waste water treatment to 

agrochemical and biomedical uses[2,3,4,5]. Chitinases (E.C.3.2.1.14) are 

found in variety of organisms such as viruses, bacteria, actinomycetes, 

yeasts, fungi, plants, animals and also in human beings [6, 7]. During the 

last decade, chitinases have received an increased attention due to their 

wider ranges of biotechnological applications especially in the biocontrol of 

fungal phytopathogens [8] and harmful insects [9]. They have also been 

used as vaccine [10], antitumor [11], tumor marker [12] and useful 

biomarker in Gaucher disease [13] and used in the preparation of 

sphaeroplasts and protoplasts from yeasts and fungal species which can be 

used further for biotechnological uses [14]. The application of immobilized 

whole cells for the production of metabolites by microorganisms has been 

extensively studied and several products of value such as 

alcohols[15],organic acids, amino acids, antibiotics, steroids, and 

enzymes[16,17,18] has been successfully obtained. Whole cells 

immobilization for extracellular enzymes production offers many 

advantages, such as increase of productivity due to high cell concentration, 

reduction of washout of microorganisms in continuous operation, easy cell 

separation from the culture broth for repeated use, and improvement in 

mass and heat transfer [19]. In the previous studies, Bacillus sp.R2 was 

screened as hyper chitinase producer and identified, furthermore, its 

chitinase production was optimized. In the present work we reported the 

improvement of chitinase production through two cell immobilization 

strategies, the physical adsorption on different carriers and entrapment in 

various gel matrices.  

 

 

 

 

2-Materials and Methods 

Chemicals 

 Peptone, tryptone, and yeast extract were obtained from (Oxöd Hampshire, 

England). Crab shell chitin flakes (Win-lab, UK). Colloidal chitin was 

prepared according to Monreal and Reese, (1969) [20]. Sodium alginate, 

Acryl amide, N.N-Methylene- bis acryl amide, N-acetyl glucosamine, 

agarose were from (Sigma -USA).Luffa pulp (Luffa cylindrica) was 

purchased from local market. All other chemicals used were of the highest 

grade available. 

Bacterial strain and culture condition 

Bacillus sp.R2 was newly marine bacterial strain isolated from red sea 

Egypt, identified by biochemical tests followed by 16S rRNA methodology   

(strain accession number in NCBI GenBank was: DQ923161). For 

chitinase production several single colonies of the strain Bacillus sp. R2 

were used to inoculate 5 ml marine  Lauria and Bertani medium (MLB) 

(sea water,10g tryptone,5g yest extract,pH :7)supplemented with 0.5% 

colloidal chitin. This bacterial culture was allowed to grow at 37ºC for 24 h 

using orbital shaking incubator, Overnight seed culture 2.5% (v/v) was used 

to inoculate 50 ml production medium (75% sea water, 0.5% colloidal 

chitin, 0.5 % yeast extract and 0.5% glucose, pH 7.5). The culture was 

incubated at 30ºC for 24 h at 180 rpm shaking.   

 Cell immobilization through physical adsorption[21]   

The experiment was performed using different solid supports (granular 

clay, crab shell chitin flasks and luffa pulp). Ten grams of granular clay, 2g 

flaked chitin and 2g of cut and washed small cubic pieces of luffa pulp were 

added separately to 50 ml production medium dispensed in 250 ml 

Erlenmeyer flasks. The cultures were incubated at 30ºC and 180 rpm 

shaking for 24 h.  

 Cell immobilization through entrapment 

 Agar or agarose (2%)[22]  Gels were prepared separately by dissolving 1g 

agar or agarose in 40 ml of 50% sea water. After sterilization and cooling to 

45ºC 10 ml of washed fresh cell suspension was added and mixed well. 

Twenty ml of this mixture were aseptically poured into sterile Petri dish. 

After solidification, the gels were cut into small beads with sterile cork 

C 

mailto:c31b28@maktoob.com
https://www.researchgate.net/publication/18274975_The_Chitinase_of_Serratia_marcescens?el=1_x_8&enrichId=rgreq-d2f9a97e206b5489165a5e6ce31fa153-XXX&enrichSource=Y292ZXJQYWdlOzI2NjAxMzQ3MTtBUzoyMjE1MjY5MDY0MTMwNTZAMTQyOTgyNzUzODI5Mg==
https://www.researchgate.net/publication/18274975_The_Chitinase_of_Serratia_marcescens?el=1_x_8&enrichId=rgreq-d2f9a97e206b5489165a5e6ce31fa153-XXX&enrichSource=Y292ZXJQYWdlOzI2NjAxMzQ3MTtBUzoyMjE1MjY5MDY0MTMwNTZAMTQyOTgyNzUzODI5Mg==
https://www.researchgate.net/profile/Taha_Zaghloul?el=1_x_100&enrichId=rgreq-d2f9a97e206b5489165a5e6ce31fa153-XXX&enrichSource=Y292ZXJQYWdlOzI2NjAxMzQ3MTtBUzoyMjE1MjY5MDY0MTMwNTZAMTQyOTgyNzUzODI5Mg==
https://www.researchgate.net/profile/Ben_Amar_Cheba4?el=1_x_100&enrichId=rgreq-d2f9a97e206b5489165a5e6ce31fa153-XXX&enrichSource=Y292ZXJQYWdlOzI2NjAxMzQ3MTtBUzoyMjE1MjY5MDY0MTMwNTZAMTQyOTgyNzUzODI5Mg==


Cheba et al., Enhanced Production of Bacillus sp. R2 Chitinase 

9 
ACT-Biotechnology Research Communications 1:1 (2011) 8-13 

poorer (6 mm diameter). Ten ml of washed beads were used to inoculate 50 

ml of production medium. 

Polyacrylamide (7.5%) [23] Entrapment was performed by mixing 12.5 ml 

of polyacrylamide solution (30% [w/v] acrylamide + 0.8% [w/v] 

bisacrylamide) with 10 ml of washed fresh cell suspension and 24.5 ml of 

0.9% (w/v) sterile saline solution. After degassing 2.5 ml of 1.5% (w/v) 

freshly prepared ammonium persulphate and 25 μl of TEMED were added 

and mixed well. Twenty ml of this mixture were poured into sterile Petri 

dish and were allowed to polymerize. The solidified gel was cut into small 

bead as described above. Ten ml of washed beads were used to inoculate 50 

ml production medium. 

      Alginate (1, 2 and 4%)[24] Sodium alginate solution with different 

concentrations was prepared separately by dissolving 0.5, 1 and 2g in 40 ml 

50% sea water and autoclaved at 121o for 10 min. After cooling, 10 ml of 

washed fresh cell suspension was added with gentled mixing in aseptic 

condition. Twenty ml of this mixture were added with sterile syringe and 

were allowed to drop through the needle into precooled 100 ml of 2 % 

CaCl2 as cross-linking solution and under mild stirring. The formed bead 

was left for maturation in CaCl2 for 20 min before collecting. Ten ml of 

washed beads from each concentration were used to inoculate separately 50 

ml production medium. 

Cell leakage determination:All bacterial cultures, inoculated with the 

entrapped cells and the control (free cells), were incubated for 24h at 30ºC 

and 180 rpm. The chitinase activity and CFU/ml were monitored as 

described earlier. The cell leakage from the various entrapping gels or 

beads were determined by monitoring the bacterial growth 

spectrophometrically at 660 nm each hour for 10 hrs. 

Effect of immobilized cell repeated use on chitinase production: The 

experiment was carried out by batch wise reuse method as follows: at the 

end of each production cycle beads were collected by sintered glass filter 

funnel and washed with 0.9 % saline under aseptic condition and were 

added to fresh production medium. 

Effect of beads storage time on cell viability and chitinase activity:The 

beads shelf life was evaluated weekly for one month by inoculating the 

stored beads in fresh production medium and monitoring the cell viability ( 

CFU/ ml) as well as chitinase activity as mentioned before. 

Analytical procedures 

 Chitinase assay 

Chitinase activity was analyzed by estimating the released reducing ends of 

sugar according to the method of Miller(1959) [25]  using N-acetyl - D-

glucosamine (NAG) as standard .One unit of chitinase activity was defined 

as the amount of enzyme required to release 1 μ mol of NAG per minute 

during these conditions. 

 Protein assay 

Soluble proteins were determined as described by Bradford (1976) [26] 

using bovine serum albumin as standard. 

 Growth monitoring 

Colony forming units (CFU) was determined [27]. On the other hand, viable 

bacterial count of immobilized cell by entrapment was determined by 

dissolving six alginate beads containing cells in 3 ml potassium phosphate 

buffer (1.5% K2HPO4 and 0.23% KH2 PO4), and for agar, agarose and 

polyacrylamide, the beads were disrupted in 3 ml physiological saline and 

the procedure was carried out as above. Moreover, bacterial growth was 

monitored spectrophotometrically by measuring the absorbance of the 

cultures at 660 nm. 

Scanning electron microscopy (SEM) 

Cells grown in marine LB were harvested by mild centrifugation, washed 

several time with Tris Hcl ,pH 7.5 and fixed with 2 % glutaraldehyde . The 

preparation was treated and followed by 1% osmium tetroxide . After 

complete  fixation, samples were washed in the above buffer solution and 

dehydrated in ascending order of ethanol concentrations. The samples were 

dried completely in critical point dryer, and finally coated with gold in 

JEOL- Fine coat JEC-1100E ion-sputter-coater (Japan).The specimens were 

viewed in JEOL-SEM 5300 scanning electron microscope (Japan) operated 

at 25 KV with a beam angle of 45◦. 

3-Results and Discussion 

 Cell immobilization for chitinase production 

 Physical adsorption immobilization 

 The suitability of different carriers for cell immobilization and chitinase 

production was investigated. The highest chitinase specific activity was 

obtained by the carrier luffa pulp followed by flaked crab shell chitin with 

enhancement of 1.42 and 1.27 fold, respectively. On the other hand, the 

lowest activity (less then free cell) was obtained using granular clay (Table 

1). The scanning electron microscopy technique also demonstrated that, the 

highest cell adsorption was observed on luffa pulp 6.106cell/ mm2 (Figure 

1, A) compared to chitin flakes 2.105 cell/ mm2 (Figure 1B). These may be 

due to the open structure of the luffa pulp which permitted the diffusion of 

oxygen and nutrients through their fiber net. Table (1) and Figures 1A and 

B revealed that the good bacterial adsorption was well correlated with the 

good chitinase yield. 

 Cell immobilization by entrapment 

1. Effect of different immobilization gel matrices on chitinase production 

Several gel matrices were used to immobilize strain R2 cells by entrapment 

matrices were listed in Table 2. Data indicated that entrapment in 2% agar 

or 2% calcium alginate was optimal for chitinase production. However, 

these results were still lower than those obtained from the physical 

adsorption immobilization. This could be due to the fact that R2 cells are 

aerobes. It was noticed also from Table 2 that, 2% alginate was the most 

appropriate concentration for good gel porosity which was responsible for 

diffusion and transfer of oxygen, nutrients and metabolite products to and 

from the gel beads . It seemed that low gel concentration probably allowed 

better release of the enzyme to surrounding medium. However, 1% Calcium 

alginate beads showed fragile nature and high cell leakage Table 3. In 

contrast 4% Ca-alginate and 7.5% polyacrylamide gave the lowest activity 

and the lowest cell leakage. This may be due to the low porosity and cell 

growth inside the beads which made an additional barrier affecting the 

diffusion. Other factors such as pressure stress and morphological changes 

may also modify cell metabolism and growth rate [28- 30]. 

2. Effect of immobilized cells repeated use on chitinase production 

The successive reuse of immobilized cells was investigated for 7 cycles 

(two days each). The results presented in Figure 2 illustrated that, the agar 

beads retained 100% its original chitinase activity after 4 cycles and 86.5%, 

75.5% and 60.9% of activity after the 5th, 6th and 7th cycles, respectively. On 

the other hand, the alginate beads (2% and 4%) retained more than 65% and 

79.5% of their initial activity after 4 cycles, respectively. Moreover, the 

alginate beads (2%) were destructed by shaking while the 4% beads 

retained 25.5% its original activity after 7 cycles. Generally, it could be 

concluded that, the agar beads were the most appropriate beads for the 

continuous production of chitinase enzyme. 

3. Effect of beads storage time on cell viability and chitinase production 

Storage stability of immobilized cells in form of beads was tested as 

described in the materials and methods. The highest chitinase activity and 

cell viability were obtained with agar bead which exhibited the longer shelf 

life and retained about 50% of its initial activity after one month Table 4. 

On the other hand, the shortest storage stability was observed in 4% 

alginate beads which failed to retain its cells and enzymes due to beads 

destruction by shaking and also due to autolysis of cells during the washing 

process. 
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Supports Protein 

content 

(mg/ml) 

Chitinase activity 

Activity 

(U/ml) 

Specific activity 

(U/mg) 

1- Granular clay 

2- Luffa pulp 

3- Flaked crab shell 

chitin      (win 

lab) 

4- (Free cells) control 

0.072 

0.089 

0.091 

 

0.098 

28.6 

58.22 

53.22 

 

45 

397.22 

654.15 

586.92 

 

459.18 

Figure 1: Scanning electron micrographs of immobilized       
 Bacillus sp. R2 on luffa pulp (A) and chitin flakes (B). 
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Figure 2: Effect of different immobilization supports on chitinase production 

 

 

Table 1: Effect of different immobilization supports on chitinase production 
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Table 3: Effect of incubation time on cell leakage from various immobilization matrices

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matrices (concentration) 

CFU/ml after 24 h 

Chitinase activity (U/ml) 
In beads Out of beads  

Agar (2%) 2.5109 5.5107 44 

Agarose (2%) 0.8109 4.7107 39.75 

Polyacrylamide (7.5%) 1.5109 0.21107 16 

Alginate (1%) 2.9109 9.8107 36.80 

Alginate (2%) 3.5109 6.2107 42.51 

Alginate (4%) 5.1109 2.3107 21.33 

Control (free cells) _ _ 35.67 

Hours 

after 

inoculation 

Free cells 

(OD660nm) 

Liberated cells from various matrices (Abs. 660 nm) 

Poly-acrylamide (7.5%) Agar 2% 
Alginate 

1% 2% 4% 

0 0 0 0 0 0 0 

2 0.317 0 0.09 0.108 0.07 0 

3 0.625 0.08 0.103 0.271 0.151 0.05 

4 0.803 0.102 0.222 0.394 0.294 0.104 

5 1.067 0.186 0.315 0.542 0.372 0.172 

6 1.140 0.232 0.407 0.680 0.461 0.289 

7 1.221 0.253 0.583 0.759 0.680 0.335 

8 1.623 0.280 0.760 0.891 0.795 0.481 

9 1.9 0.285 0.830 1.253 0.901 0.610 

10 1.8 0.271 1.102 1.402 1.124 0.731 

Table 2: Effect of different immobilization gel matrices on chitinase production  
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Conclusions 

To improve the chitinase production of Bacillus sp. R2 two cell immobilization strategies were conducted. The physical adsorption on different carriers 

showed that the highest chitinase activity was obtained by the carrier luffa pulp. These may be due to the open structure of the luffa pulp which 

permitted the diffusion of oxygen and nutrients through their fiber net .Whereas, the entrapment immobilization in different gel matrices indicated that 

cell entrapment in 2% agar gave the highest chitinase activity. The successive reuse of immobilized cells revealed that agar beads retained 100% or 

more of its original chitinase activity after 4 cycles. The effect of beads storage stability on cell viability and chitinase production also showed  that the 

longer shelf life was attained with agar beads which retain 50% of its initial activity after one month. Generally, it could be concluded that, the agar 

beads were the most appropriate beads for the continuous production of chitinase enzyme. So, whole cells immobilization in agar beads for 

extracellular chitinase production offers many advantages, such as increase of productivity due to high cell concentration, reduction of washout of 

microorganisms in continuous operation, easy cell separation from the culture broth for repeated use, and improvement in mass and heat transfer. Our 

finding can be applied for chitinase large scale continuous production as well as further improvement in the enzyme 

properties will be suitable for various applications in the future. 
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Storage 

time 

(weeks) 

Matrices 

Agar 2% Polyacrylamide 7.5% Alginate 4% 

CFU/ml Activity CFU/ml Activity CFU/ml Activity 

1 2.5109 44 1.5109 16 5.1109 31.33 

2 0.2109 42.5 2109 18.9 0.4108 25 

3 0.8108 27.1 0.3108 16.3 0.0 0.0 

4 3107 22.3 9107 13 0.0 0.0 

Table 4: Effect of beads storage time on cell viability and Chitinase activity 
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