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Chito-oligosaccharides are synthesized by hydrolytic cleavage of chitin or 

chitosan, are having wide applications in various fields as they do not show 

limitation of solubility which is shown by chitin and chitosan. Synthesis of chito-

oligosaccharides by physical and chemical methods is not environment friendly 

and energy consuming hence in recent years, enzymatic production of chito-

oligosaccharides has evolved as it is performed under very mild conditions. For 

this chitinase producing organism Cellulosimicrobium cellulans IARI-ABL-30 

isolated from mushroom compost was used for chito-oligosaccharides synthesis. 

Study of effect of environmental factors on chitinase activity was carried out. 

Maximum chitinase activity was observed at at pH 5 and temperature 55oC and it 

is thermostable enzyme as it showed activity upto 75oC. Activity of chitinase 

was increased in order Mn++>Co++>Mg++and complete inhibition was observed 

in presence of Hg++, Ni++ and Li+. Using solvent precipitation and Sephadex gel 

filtration 7.09 fold purification of chitinase was done. From results of thin layer 

chromatography using biologically recovered chitin as a substrate, chitobiose 

[(NAG)2] with degree of polymerization 2 (DP 2) was obtained. 
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INTRODUCTION 

 Considering biodegradability and 

ecological safety, there is an increasing need to 

replace synthetic polymeric compounds by 

compounds obtained from natural materials like 

chitin and chitosan (Lodhi et al., 2014). Due to high 

molecular weight near neutral pH, chitin and 

chitosan molecules have limited solubility, therefore 

their applications in various fields like food, 

pharmaceutical and agriculture is restricted. 

Oligosaccharides obtained from hydrolysis of chitin 

and chitosan are soluble and hence find more 

applications (Yin et al., 2016). 

 From chitin or chitosan, recovered shells of 

crustaceans like shrimp, prawns, crabs, etc. by 

hydrolytic cleavage, Chito-oligosaccharides are 

synthesized (Ahmed et al., 2012).  Physical, 

chemical and enzymatic methods are used for this. 

Considering disadvantages of Physical and 

chemical methods in the past few decades, 

enzymatic method using chitinolytic enzymes like 

chitinase has been proposed for chito-

oligosaccharide production. These methods are 

performed under very mild conditions and it is easy 

to control molecular weight of the product (Mao et 

al., 2017). Depending on mode of action, chitinases 

are classified as endochitinases and exochitinases. 

Endochitinases (EC 3.2.1.14) form dimer di-

acetylchitobiose and low molecular weight 

oligosaccharides by cleaving randomly at any 

internal site. 
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Exochitinases are of two types: Chitobiosidase (EC 

3.2.1.19) acts from non-reducing end and releases 

di-acetyl chitobiose, while 1-4-β-glucosaminidases 

(EC 3.2.1.30) generate monomer, N-acetyl 

glucosamine from hydrolysis of oligomers formed 

by endochitinase and chitobiosidases (Hamid et al., 

2013). 

Microbial production of chito-oligosaccharides has 

been tried by Kuk et al. (2005) using crude enzyme 

of Aeromonas from swollen chitin and chitobiose 

was obtained. Martinez et al. (2012) synthesized 

mixture of chitobiose, chitotriose, chitopentose and 

chitohexose using Bacillus cereus culture from β-

chitin. Using Vibrio anguillarum from colloidal 

chitin, chitobiose was synthesized by Takiguchi and 

Shimahara, (1988). Ilagkovan et al., (2006) 

obtained production of chitobiose from shrimp 

chitin using commercial bovine pepsin preparation. 

By using chitinase, chito-oligosaccharides with 

degree of polymerization 4 to 9 were synthesized by 

Wang et al., (2012). Tanaka et al., (2003) obtained 

chitobiose from colloidal chitin using chitinase of 

thermophilic archaebacteria Thermococcus 

kodakaraensis.  

Chito-oligosaccharides are commonly detected by 

thin layer chromatography (TLC). TLC is a solid-

liquid form of chromatography in which stationary 

phase is polar adsorbent and mobile phase is a 

single or mixture of solvents. Stationary phase is 

usually finely ground alumina or silica particles. 

Thin layer of stationary phase is coated on a glass 

slide or plastic sheet. TLC provides 

chromatographic measurements in the form of Rf 

value. It is a ratio of distance travelled by solute 

(sample) to the distance travelled by solvent. It is a 

very rapid, economical and microscale technique. It 

is used for finding number of components in the 

mixture, finding identity of substances and 

monitoring progress of reaction. Guo-Ning et al., 

(2013) used TLC for finding chito-oligosaccharides 

with degree of polymerization upto 6. Martosuyono 

et al., (2014) identified chito-oligosaccharide by 

TLC analysis using propanol, water and ammonia 

as mobile phase and ninhydrin reagent for 

development of spot of chito-oligosaccharide. Liu et 

al. (2012); Semino and Allende (2002) also used 

TLC for separation of chito-oligosaccharides. 

 Due to increasing applications of chito-

oligosaccharide in fields like food, cosmeceutical, 

waste management, agriculture and medicine, there 

is a great demand for high production of chito-

oligosaccharide with superior properties. In the 

present work, attempts are made for enzymatic 

production of chito-oligosaccharide using chitinase 

producing culture. For achieving this, effect of 

environmental factors on chitinase activity and 

finding optimum conditions for chitinase activity 

was done. Using partially purified Chitinase from 

biologically synthesized chitin synthesized chito-

oligosaccharide was detected by thin layer 

chromatography.  

  

MATERIALS AND METHODS 

All analytical grade chemicals were used for 

experiments. Chitinase producing organism 

Cellulosimicrobium cellulans IARI-ABL-30 

isolated from mushroom compost was used for 

chitinase production. Biologically recovered chitin 

from shrimp shells was used as a substrate for chito-

oligosaccharide production. 

Study of effect of environmental factors on 

chitinase activity 

Effect of temperature 

 Effect of temperature on chitinase activity 

was determined by incubating mixture containing 1 

ml each of centrifuged cell free broth (10,000 rpm 

for 10 minutes at 4oC) and colloidal chitin was 

incubated in shaker water bath for 1 hour at 

different temperatures. After incubation, enzyme 

activity was determined by measuring amount of 

released N-acetylglucosamine (NAG). Different 

temperatures (30oC, 35oC, 40oC, 45oC, 50oC, 55oC, 

60oC, 65oC, 70oC and 75oC) of incubation were 

used.   

Effect of pH 

 Effect of pH on chitinase activity was 

determined by incubating mixture containing 1 ml 

each of centrifuged cell free broth (10,000 rpm for 

10 minutes at 4oC), buffers of different pH and 

colloidal chitin in shaker water bath for 1 hour at 

55oC. Buffers of pH from 5 to 10 of 0.1 M were 

used.  Buffers of pH 5 and 6 was sodium citrate 

buffer, buffer of pH 7 and 8 was sodium phosphate 

buffer and buffer of pH 9 and 10 was glycine-

NaOH (Annamalai et al., 2011). After incubation, 

enzyme activity was determined by measuring 

amount of released N-acetylglucosamine (NAG).  

Effect of presence of heavy metal ions 

 Enzyme assay was carried out by 

incubating chitinase enzyme, 0.1 M citrate buffer of 

pH 5 and colloidal chitin in presence of 1 mM metal 

ion chlorides solutions. Enzyme in absence of metal 

ion acts as a control. Compounds NaCl, KCl, CaCl2, 

CuCl2, HgCl2, MgCl2, MnCl2, NiCl2, LiCl2 and 

CoCl2 were used. 
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Purification of chitinase for chito-

oligosaccharide production 

Production of chitinase 

 Inoculum was prepared by adding 10 ml 24 

hours old cultures in 100 ml nutrient broth in 250 

ml Erlenmeyer flask and incubated at room 

temperature (c. a. 250C) till total viable cell count 

(TVC) becomes 1* 109 CFU/ml. This TVC was 

comparable with 0.85 optical density of suspension 

at 600 nm wavelength.  For chito-oligosaccharide 

production using chitinase, 10% inoculum of 

Cellulosimicrobium cellulans strain IARI-ABL-30 

was inoculated (10%) in sterile colloidal chitin 

broth in 500 ml Erlenmeyer flask on rotary shaker 

at 100 rpm for 96 hours at 45oC. After 

centrifugation at 10,000 rpm at 4oC for 10 minutes, 

collected supernatant was used as a crude enzyme. 

Chitinase activity by dinitrosalicylic acid method 

and protein content by Folin Lowry method was 

measured. 

Acetone precipitation 

 100 ml of cell free broth (crude enzyme) 

was slowly mixed with 100 ml ice cold acetone in 

ice bath with constant stirring. For settling of 

precipitate, mixture was placed in refrigerator. By 

centrifugation, solvent free precipitate was 

obtained. Precipitate was dissolved in 0.1M citrate 

buffer of pH 5. 

Sephadex gel filtration chromatography 

 Precipitated enzyme, after dissolving in 

buffer, was loaded on Sephadex gel filtration 

column- G75 and saturated with 0.1M sodium 

citrate buffer for further purification. Column was 

eluted with the same buffer and each fraction of 1.5 

ml was collected in separate tube.  

Detection of chito-oligosaccharide by TLC 

 For TLC detection of chito-

oligosaccharides, 20 µl product of the partially 

purified chitinase was loaded on a Silica Gel 60 

TLC plate. Mobile phase used was - n-butanol, 

methanol, 25% ammonia and water (41.6: 33.3: 

16.6: 8.3) and chito-oligosaccharides were detected 

by spraying developer –aniline: 100 µl, 

diphenylamine: 100 mg, acetone: 5 ml, phosphoric 

acid (85%): 750 µl on TLC plates and heated at 

180oC for 3 minutes for development of spots 

(Purushottam and Podile, 2012). 

 

RESULTS AND DISCUSSION 

Study of effect of environmental factors on 

chitinase activity 

Effect of temperature on chitinase activity 

 Enzyme activity is strongly influenced by 

temperature variation. Chitinase of 

Cellulosimicrobium cellulans showed gradual 

increase in activity with temperature increments 

from 30 to 55oC. Activity at 40oC to 75oC 

temperatures indicates that chitinase is a 

thermostable enzyme. Maximum chitinase activity 

was observed at 55oC (Figure 1). Similarly, an 

optimum temperature of 55oC was observed for 

chitinase of Paenibacillus sp. (Meena et al., 2014). 

Optimum activity of chitinase of 

Cellulosimicrobium cellulans was observed at 55oC, 

indicating the thermophilic nature of enzyme. It 

can, hence, be used on industrial scale for synthesis 

of chito-oligosaccharide. The present organism was 

isolated from mushroom compost which also 

supports the fact that bio compost is the best source 

of isolation of thermophilic bacteria due to its 

longer self-heating process which gives ample 

chance to more thermophilic organisms to flourish 

(Sizova et al., 2011).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Effect of temperature on chitinase 

 

Fig. 2: Effect of pH on chitinase activity 
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Chitinase of Serratia marcenscens PRNK-1, 

Bacillus cereus TKU034 and Aspergillus terreus 

showed maximum activity at 50oC (Moon, et al., 

2017; Liang et al., 2015 and Farag et al., 2016). 

Maximum chitinase activity of Cellulosimicrobium 

cellulans at higher temperature (55oC) suggests that 

it can be the best candidate on industrial scale for 

chito-oligosaccharide production.  

Effect of pH on chitinase activity 

 Maximum chitinase activity was observed 

at pH 5 (16.16 Units/ml) as shown in Figure 2 

Similar results were obtained for chitinase of 

Paenibacillus sp. and Bacillus cereus TKU030 

which showed maximum activity at pH 5 (Meena et 

al., 2014; Liang et al., 2014).  Majority of the 

chitinases studied to date show optimum activity at 

acidic pH or near neutrality (Thimoteo et al., 2017; 

Ueda et al., 2005; Okazaki et al., 1999; Tominaga 

and Tsujisaka, 1976; Watnade et al., 1992). Present 

results are in accordance with this.Chitinase of 

Serratia marcenscens PRNK-1 showed maximum 

chitinase activity at pH 5.5 (Moon, et al., 2017). 

Effect of presence of heavy metals ions on 

chitinase activity 

As shown in Figure 3. Activity of chitinase was 

increased in order Mn++>Co++>Mg++ and decreased 

in order, K+> Na+> Cu++ >Ca++.At the same time 

complete inhibition was observed in presence of 

Hg++, Ni++ and Li+.

 

Fig. 3: Effect of heavy metals on chitinase activity of Cellulosimicrobium cellulans 

  

Chitinase of Bacillus sp. R2 was also activated by 

Mn++ and Mg++ and inhibited by Hg++as per the 

reports of Cheba et al., (2016) and similar activation 

by Mn++and inhibition by Hg++was observed for 

chitinase of Aspergollus terreus (Farag et al., 2016). 

The chitinase of Chitinibacter sp. GC72 also 

showed increase in activity by Mn++ and Mg++ and 

decrease by Cu++ (Gao, et al., 2015). Similar results 

are observed by Saima and Ahmad, (2013) in 

chitinase of Aeromonas hydrophila. Inhibition of 

chitinase by metal ions is due to the ability of some 

metal ions to form stable complexes with carboxylic 

group of aspartate and glutamate amino acids at the 

active site of the chitinase. Hence, these metal ions 

seem to inhibit chitinase activity. These two 

residues are important for the enzyme activity 

(Milewski et al., 1992). From present study and 

literature cited, even if mixed responses are 

observed for chitinase inhibition and activation, 

inhibition by Hg++ and stimulation by Mn++ is 

commonly observed for all chitinases. This suggests 

that, Mn++ can act as a cofactor for chitinase 

activity. 

Purification of chitinase 

 Chitinase enzyme was partially purified to 

an extent such that produced chito-oligosaccharide 

can be clearly separated using thin layer 

chromatography. Sequence and results of 

purification are summarized in Table 1.  

 During gel filtration, fraction of 1.5 ml 

buffer was eluted. Fraction of buffer showing 

absorbance at 280 nm was selected for chitinase 

assay. In the 2nd eluted fraction, chitinase activity 

was observed. 

  

Table 1: Purification steps of chitinase from Cellulosimicrobium cellulans  

 

Purification step Total 

Proteins 

(mg) 

Total 

enzyme 

activity (U) 

Specific 

activity 

(U/mg) 

% Yield Fold 

purification 

Crude enzyme 234.42 2430 10.36 100 1.00 

Acetone precipitation 84.40 1599.43 18.95 65.82 1.83 

Gel filtration 15.82 1162.51 73.45 47.84 7.09 
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Senol et al., 2014 used gel filtration (Sephadex) for 

chitinase purification from Bacillus subtilis with 

28.4 fold purification. Park et al., 1997 purified 

chitinase from Entevobacter sp. G-1 using 

Sephadex G-100 where 42.9 fold purification was 

achieved. Similar methods have been used by 

Watnabe et al., 1992; Farag et al., 2016. 

TLC detection of chito-oligosaccharide produced 

by purified fraction of chitinase 

 Partially purified chitinase fraction was 

used for production of chito-oligosaccharide. On 

TLC plate from biologically recovered chitin 

powder (sample 1) as a substrate, chitobiose 

[(NAG)2] with degree of polymerization 2 (DP 2) 

was obtained. While from colloidal chitin (sample 

2) as a substrate, mixture of chitobiose [(NAG)2], 

chitotriose [(NAG)3] and chitotetrose [(NAG)4] was 

obtained (Figure 4). 

Fig. 4: Detection of chito-oligosaccharide by TLC 

  

Generally, a mixture of chito-oligosaccharides is 

formed by chemical or by enzymatic method, 

therefore techniques like ion exchange 

chromatography, ultrafiltration, gel filtration are 

used (Jung and Park, 2014). In the present study, 

when partially purified chitinase was used for chito-

oligosaccharide production from biologically 

recovered chitin, pure diacetyl chitobiose (DP 2) 

was synthesized and hence there was no need to 

carry out above-mentioned purification steps.  

 These chito-oligosaccharides synthesized 

by chitinase of Cellulosimicrobium cellulans find 

important applications in agriculture. Chito-

oligosaccharide dimer is also synthesized by Vibrio 

furnisii and Bacillus licheniformis strain JS isolated 

from mushroom bed (Bassler et al., 1991 and 

Waghmare et al., 2010). Use of chitinase enzyme 

from microbial sources for production of chito-

ologosacchrides and their applications have been 

explored in several studies. Mengyuan et al., (2016) 

used fungal waste mycelium for preparation of 

chito-oligosaccharides while source of chitinase 

was Lactococcus lactis expressed in E coli. It was 

found that chitobiose was major product on the 5th 

day of incubation. Kumar et al., (2017) also 

reported the use of chitinase from Humicola grisea 

and its use in production of chito-oligosaccharides 

from colloidal chitin. Kidibule et al., (2018) used 

the chitinase from Trichoderma harzianum that was 

expressed in Pichia pastoris for hydrolysis of chitin 

and chitosan to obtain monomeric molecules. 

Analysis of hydrolysates revealed the presence of 

mixture of N-acetyl glucosamine, chitobiose and 

chitotriose. These observations are in agreement 

with results obtained in present studies. Similar 

study has been reported by Purushotham and Podile, 

(2012) using endochitinase from Serratia 

marcescens.  

 Winkler et al., (2017) observed that chito-

oligosaccharide mixture containing chitin dimer, 

trimer and tetramer that showed increase in weight 

10%, radicle length 25%, carbon content 6% and 

Nitrogen content 8%, which suggests that chito-

oligosaccharide can act as biostimulator for plant 

growth. Hydrolysis of colloidal chitin is done by 

many microorganisms but hydrolysis of recalcitrant 

substrates like chitin crystal is difficult due to its 

crystalline structure. Chitinase of 

Cellulosimicrobium cellulans can easily degrade 

even crystalline form of biologically recovered 

chitin which suggests that organism might be 

producing some factor involved in degradation of 

crystalline chitin (Jung and Park, 2014). Enzymes 

which have the ability to act on crystalline 

polysaccharides like chitin should necessarily 

remain in association with insoluble substrate, carry 

 

https://www.sciencedirect.com/science/article/abs/pii/S000862151630115X#!
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out disruption of substrate and direct the substrate 

into catalytic center known as processivity.Active 

site of processive enzyme like chitinase contains 

aromatic amino acid residues like Tryptophan and 

they play an important role in processivity. 

Processivity enhances the enzyme substrate reaction 

as enzyme remains attached to the separated single 

polymer from insoluble substrate during its 

hydrolytic cleavage (Purushotham & Podile, 2012).  

 Chitinase synthesized by 

Cellulosimicrobium cellulans is also a processive 

enzyme as it forms chitoligosaccharide from 

biologically recovered crystalline chitin. Hence it 

can be a potential candidate for industrial scale 

production of chitoligosaccharide from crystalline 

chitin that can be isolated from shrimp shells. 

Conclusions 

Chitinase isolated and characterized in present 

studies produced by Cellulosimicrobium cellulans 

presents a potential candidate for production of 

chito-oligosaccharides from shrimp shell containing 

chitinous substrate. The chitinase mediated method 

would prove to be an eco-friendly method for 

bioconversion of chitinous substance to chito-

oligosaccharide with significant applications in 

biotechnological industries. Maximum chitinase 

activity was observed at at pH 5 and temperature 

55oC and it is thermostable enzyme as it showed 

activity upto 75oC. Activity of chitinase was 

increased in order Mn++>Co++>Mg++and complete 

inhibition was observed in presence of Hg++, Ni++ 

and Li+. Using solvent precipitation and Sephadex 

gel filtration 7.09 fold purification of chitinase was 

done. Pure chitin oligosaccharide, chitobiose 

[(NAG)2] with degree of polymerization 2 (DP 2), 

was obtained from biologically recovered chitin and 

mixture of chitobiose [(NAG)2], chitotriose 

[(NAG)3] and chitotetrose [(NAG)4] was obtained 

from colloidal chitin using purified chitinase of 

Cellulosimicrobium cellulans strain IARI-ABL-30. 

Chitinase of Cellulosimicrobium cellulans is a 

processive enzyme which can act on crystalline 

chitin. 

 

REFERENCES 

Ahmed ABA, Taha RM, Mohajer S, Elaagib 

ME, & Kim SK, 2012. Preparation, properties and 

biological applications of water soluble chitin 

oligosaccharides from marine organisms. Russian 

Journal of Marine Biology, 38(4):351-358. 

https://doi.org/10.1134/s1063074012040025  

Annamalai N, Rajeswari MV, Vijayalakshmi S, 

&Balasubramanian T, 2011. Purification and 

characterization of chitinase from Alcaligenes 

faecalis AU02 by utilizing marine wastes and its 

antioxidant activity. Annals of microbiology, 61(4): 

801-807. https://doi.org/10.1007/s13213-011-0198-

5  

Bassler BL, Yu C, Lee YC, & Roseman S, 1991. 

Chitin utilization by marine bacteria. Degradation 

and catabolism of chitin oligosaccharides by Vibrio 

furnissii. Journal of Biological Chemistry, 266(36): 

24276-24286. 

Cheba BA, Zaghloul TI, EL-Massry, MH, & EL-

Mahdy AR, 2016. Effect of Metal Ions, Chemical 

Agents, and Organic Solvent on Bacillus Sp. R2 

Chitinase Activity. Procedia Technology, 22:465-

470. https://doi.org/10.1016/j.protcy.2016.01.090  

Farag AM, Abd-Elnabey HM, Ibrahim HA, & 

El-Shenawy M, 2016. Purification, characterization 

and antimicrobial activity of chitinase from marine-

derived Aspergillus terreus. The Egyptian Journal 

of Aquatic Research, 42(2):185-192. 

https://doi.org/10.1016/j.ejar.2016.04.004  

Gao C, Zhang A, Chen K, Hao Z, Tong J, & 

Ouyang P, 2015. Characterization of extracellular 

chitinase from Chitinibacter sp. GC72 and its 

application in GlcNAc production from crayfish 

shell enzymatic degradation. Biochemical 

engineering journal, 97:59-64. 

 https://doi.org/10.1016/j.bej.2015.02.010  

Guo-Ning YA, Lie-Huan CHEN, Yi-Wei ZENG, 

and Wan-Shun LIU, 2013. Characterization of 

Chitooligosaccharides and Chintosan Hydrolysates 

with Thin Layer Chromatography. Periodical of 

Ocean University of China, 2:1-5. 

Hamid R, Khan MA, Ahmad M, Ahmad MM, 

Abdin MZ, Javed M, Javed S, 2013. Chitinases: 

an update. Journal of pharmacy &bioallied 

sciences, 5(1): 21-29. https://doi.org/10.4103/0975-

7406.106559  

Ilankovan P, Hein S, Ng CH, Trung TS, and 

Stevens WF, 2006. Production of N-acetyl 

chitobiose from various chitin substrates using 

commercial enzymes. Carbohydrate 

Polymers, 63(2), 245-250. 

https://doi.org/10.1016/j.carbpol.2005.08.060  

Jung WJ, & Park RD, 2014. Bioproduction of 

chitooligosaccharides: present and 

perspectives. Marine drugs, 12(11): 5328-5356. 

 https://doi.org/10.3390/md12115328  

Kidibule PE, Santos-Moriano P, Jiménez-Ortega 

E, Ramírez-Escudero M, Limón MC, Remacha 

M,  2018. Use of chitin and chitosan to produce 

new chitooligosaccharides by chitinase Chit42: 

enzymatic activity and structural basis of 

https://doi.org/10.1134/s1063074012040025
https://doi.org/10.1007/s13213-011-0198-5
https://doi.org/10.1007/s13213-011-0198-5
https://doi.org/10.1016/j.protcy.2016.01.090
https://doi.org/10.1016/j.ejar.2016.04.004
https://doi.org/10.1016/j.bej.2015.02.010
https://doi.org/10.4103/0975-7406.106559
https://doi.org/10.4103/0975-7406.106559
https://doi.org/10.1016/j.carbpol.2005.08.060
https://doi.org/10.3390/md12115328


 https://jbsd.in 136                                ISSN: 2229-3469 (Print) 

Bioscience Discovery, 12(3):130-137, July - 2021 

protein specificity. Microbial Cell Factories, 17(1): 

47. https://doi.org/10.1186/s12934-018-0895-x  

Kuk JH, Jung WJ, Jo GH, Kim YC, Kim KY & 

Park RD, 2005. Production of N-acetyl-β-D-

glucosamine from chitin by Aeromonas sp. GJ-18 

crude enzyme. Applied microbiology and 

biotechnology, 68(3): 384-389. 

 https://doi.org/10.1007/s00253-004-1877-y  

Kumar M, Brar A, Vivekanand V &Pareek N, 

2017. Production of chitinase from thermophilic 

Humicolagrisea and its application in production of 

bioactive chitooligosaccharides. International 

Journal of Biological Macromolecules, 104:1641-

1647. 

https://doi.org/10.1016/j.ijbiomac.2017.04.100  

Liang TW, Chen YY, Pan PS & Wang SL, 2014. 

Purification of chitinase/chitosanase from Bacillus 

cereus and discovery of an enzyme 

inhibitor. International journal of biological 

macromolecules, 63, 8-14. 

 https://doi.org/10.1016/j.ijbiomac.2013.10.027  

Liang TW, Lo BC, & Wang SL, 2015. 

Chitinolytic bacteria-assisted conversion of squid 

pen and its effect on dyes and pigments 

adsorption. Marine drugs, 13(8): 4576-4593. 

https://doi.org/10.3390/md13084576  

Liu B, Wang D, Yu G and Meng X, 2013. 

Adsorption of heavy metal ions, dyes and proteins 

by chitosan composites and derivatives — A 

review. Journal of Ocean University of China, 

12(3):500-508. https://doi.org/10.1007/s11802-013-

2113-0  

Lodhi G, Kim YS, Hwang JW, Kim SK, Jeon Y 

J, Je JY, & Park PJ, 2014. Chitooligosaccharide 

and its derivatives: preparation and biological 

applications. BioMed research international, 1-13. 

https://doi.org/10.1155/2014/654913  

Mao X, Guo N, Sun J, & Xue C, 2017. 

Comprehensive utilization of shrimp waste based on 

biotechnological methods: A review. Journal of 

Cleaner Production, 143:814-823. 

 https://doi.org/10.1016/j.jclepro.2016.12.042  

Martínez Moreno R, Morales P, Gonzalez R, 

Mas A, & Beltran G, 2012. Biomass production 

and alcoholic fermentation performance of 

Saccharomyces cerevisiae as a function of nitrogen 

source. FEMS Yeast Research, 12(4):477-485. 

https://doi.org/10.1111/j.1567-1364.2012.00802.x  

Martosuyono P, Pratitis A, Prasetya A and 

Prabawati EK, 2014. Desalination of 

chitoologosaccaharides using gel filtration and 

ultrafiltration. Squalen Bulletin of Marine and 

Fisheries Postharvest and Biotechnology, 9(3): 127-

136. https://doi.org/10.15578/squalen.v9i3.110  

Meena S, Gothwal RK, Saxena J, Mohan MK, & 

Ghosh P, 2014. Chitinase production by a newly 

isolated thermotolerant Paenibacillus sp. BISR-

047. Annals of microbiology, 64(2):787-797.  

 https://doi.org/10.1007/s13213-013-0715-9  

Mengyuan Lv, Hu Y, Gänzle MG, Lin J, Wang 

C, & Cai J, 2016. Preparation of 

chitooligosaccharides from fungal waste mycelium 

by recombinant chitinase. Carbohydrate Research, 

430, 1-7. 

https://doi.org/10.1016/j.carres.2016.04.019  

Milewski S, O'Donnell RW & Gooday GW, 1992. 

Chemical modification studies of the active centre 

of Candida albicans chitinase and its inhibition by 

allosamidin. Microbiology, 138(12):2545-2550. 

https://doi.org/10.1099/00221287-138-12-2545  

Moon C, Seo DJ, Song YS, Hong SH, Choi SH & 

Jung WJ, 2017. Antifungal activity and patterns of 

N-acetyl-chitooligosaccharide degradation via 

chitinase produced from Serratia marcescens 

PRNK-1. Microbial pathogenesis, 113:218-224. 

https://doi.org/10.1016/j.micpath.2017.10.039  

Okazaki K, Kawabata T, Nakano M & 

Hayakawa S, 1999. Purification and Properties of 

Chitinase from Arthrobacter sp. NHB-10. 

Bioscience, Biotechnology, and Biochemistry, 

63(9): 1644-1646. 

https://doi.org/10.1271/bbb.63.1644  

Park JK, Morita K, Fukumoto I, Yamasaki Y, 

Nakagawa T, Kawamukai M, 1997. Purification 

and Characterization of the Chitinase (ChiA) from 

Enterobacter sp. G-l. Bioscience, Biotechnology, 

and Biochemistry, 61(4): 684-689. 

https://doi.org/10.1271/bbb.61.684  

Purushotham P, & Podile AR, 2012. Synthesis of 

long-chain chitooligosaccharides by a 

hypertransglycosylating processive endochitinase of 

Serratia proteamaculans 568.  Journal of 

bacteriology, 194(16):4260-4271. 

https://doi.org/10.1128/jb.06473-11  

Saima Kuddus, M Roohi & Ahmad IZ, 2013. 

Isolation of novel chitinolytic bacteria and 

production optimization of extracellular chitinase. 

Journal of Genetic Engineering and Biotechnology, 

11(1): 39-46. 

https://doi.org/10.1016/j.jgeb.2013.03.001  

Semino CE, and Allende ML, 2002. Chitin 

oligosaccharides as candidate patterning agents in 

zebrafish embryogenesis. International Journal of 

Developmental Biology, 44(2): 183-193. 

 

https://doi.org/10.1186/s12934-018-0895-x
https://doi.org/10.1007/s00253-004-1877-y
https://doi.org/10.1016/j.ijbiomac.2017.04.100
https://doi.org/10.1016/j.ijbiomac.2013.10.027
https://doi.org/10.3390/md13084576
https://doi.org/10.1007/s11802-013-2113-0
https://doi.org/10.1007/s11802-013-2113-0
https://doi.org/10.1155/2014/654913
https://doi.org/10.1016/j.jclepro.2016.12.042
https://doi.org/10.1111/j.1567-1364.2012.00802.x
https://doi.org/10.15578/squalen.v9i3.110
 https:/doi.org/10.1007/s13213-013-0715-9 
https://www.sciencedirect.com/science/article/abs/pii/S000862151630115X#!
https://doi.org/10.1016/j.carres.2016.04.019
https://doi.org/10.1099/00221287-138-12-2545
https://doi.org/10.1016/j.micpath.2017.10.039
https://doi.org/10.1271/bbb.63.1644
https://doi.org/10.1271/bbb.61.684
https://doi.org/10.1128/jb.06473-11
https://doi.org/10.1016/j.jgeb.2013.03.001


 https://biosciencediscovery.com 137                                ISSN: 2231-024X (Online) 

Girase MS, Patil SN and Gaikwad VB 

Senol M, Nadaroglu H, Dikbas N, & Kotan R, 

2014. Purification of Chitinase enzymes from 

Bacillus subtilis bacteria TV-125, investigation of 

kinetic properties and antifungal activity against 

Fusarium culmorum. Annals of Clinical 

Microbiology and Antimicrobials, 13:35-35. 

https://doi.org/10.1186/s12941-014-0035-3  

Sizova MV, Izquierdo JA, Panikov NS, & Lynd 

LR, 2011. Cellulose-and xylan-degrading 

thermophilic anaerobic bacteria from 

biocompost. Applied and environmental 

microbiology, 77(7): 2282-2291. 

https://doi.org/10.1128/aem.01219-10  

Takiguchi Y, & Shimahara K, 1988. N, N 

Diacetylchitobiose production from chitin by Vibrio 

anguillarum strain E383a. Letters in applied 

microbiology, 6(6):129-131. 

https://doi.org/10.1111/j.1472765x.1988.tb01231.x  

Tanaka T, Fukui T, Fujiwara S, Atomi H and 

Imanaka T, 2004. Concerted action of 

diacetylchitobiose deacetylase and exo-β-D-

glucosaminidase in a novel chitinolytic pathway in 

the hyperthermophilic archaeon Thermococcus 

kodakaraensis KOD1. Journal of Biological 

Chemistry, 279(29): 30021-30027. 

https://doi.org/10.1074/jbc.m314187200 

Thimoteo SS, Glogauer A, Faoro H, de Souza E 

M, Huergo LF, Moerschbacher BM, & Pedrosa 

FO, 2017. A broad pH range and processive 

chitinase from a metagenome library. Brazilian 

Journal of Medical and Biological 

Research, 50(1):1-13. 

 https://doi.org/10.1590/1414-431x20165658  

Tominaga Y, & Tsujisaka Y, 1976. Purifications 

and Some Properties of Two Chitinases from 

Streptomyces orientalis Which Lyse Rhizopus Cell 

Wall. Agricultural and Biological Chemistry, 

40(12): 2325-2333. 

https://doi.org/10.1080/00021369.1976.10862407  

Ueda M, Kotani Y, Sutrisno A, Nakazawa M, & 

Miyatake K, 2005. Purification and 

Characterization of Chitinase B from Moderately 

Thermophilic Bacterium Ralstonia sp. A-471. 

Bioscience Biotechnology and Biochemistry, 69(4): 

842-844. https://doi.org/10.1271/bbb.69.842  

Waghmare SR & Ghosh JS, 2010. Chitobiose 

production by using a novel thermostable chitinase 

from Bacillus licheniformis strain JS isolated from a 

mushroom bed. Carbohydrate research, 345(18): 

2630-2635. 

https://doi.org/10.1016/j.carres.2010.09.023  

Wang SL, Liu CP & Liang TW, 2012. Fermented 

and enzymatic production of chitin/chitosan 

oligosaccharides by extracellular chitinases from 

Bacillus cereus TKU027. Carbohydrate 

polymers, 90(3): 1305-1313. 

https://doi.org/10.1016/j.carbpol.2012.06.077  

Watanabe T, Yamada T, Oyanagi W, Suzuki K, 

& Tanaka H, 1992. Purification and Some 

Properties of Chitinase B1 from Bacillus circulans 

WL-12. Bioscience, Biotechnology, and 

Biochemistry, 56(4): 682-683. 

https://doi.org/10.1271/bbb.56.682  

Winkler AJ, Dominguez-Nuñez JA, Aranaz I., 

Poza-Carrión, C., Ramonell, K., Somerville, S., 

& Berrocal-Lobo, M, 2017. Short-chain chitin 

oligomers: Promoters of plant growth. Marine 

drugs, 15(2): 40. 

https://doi.org/10.3390/md15020040  

Yin H, Du Y & Dong Z, 2016. Chitin 

oligosaccharide and chitosan oligosaccharide: two 

similar but different plant elicitors. Frontiers in 

plant science, 7, 522. 

https://doi.org/10.3389/fpls.2016.00522 

 

 

How to cite this article 

Girase MS, Patil SN and Gaikwad VB, 2021. Chitinase Mediated Synthesis of Chito-oligosaccharide from 

Biologically Synthesized Chitin. Bioscience Discovery, 12(3):130-137. 

Google Scholar citation: https://scholar.google.co.in/citations?user=vPzEyC8AAAAJ&hl=en 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1186/s12941-014-0035-3
https://doi.org/10.1128/aem.01219-10
https://doi.org/10.1111/j.1472765x.1988.tb01231.x 
https://doi.org/10.1074/jbc.m314187200
https://doi.org/10.1590/1414-431x20165658
https://doi.org/10.1080/00021369.1976.10862407
https://doi.org/10.1271/bbb.69.842
https://doi.org/10.1016/j.carres.2010.09.023
https://doi.org/10.1016/j.carbpol.2012.06.077
https://doi.org/10.1271/bbb.56.682
https://doi.org/10.3390/md15020040
https://doi.org/10.3389/fpls.2016.00522
https://scholar.google.co.in/citations?user=vPzEyC8AAAAJ&hl=en

