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In the present investigation Bacillus sp. strain was isolated and screened from the red soil
collected from Doiwala region of Dehradun (U.K), India. Serial dilution technique was
adopted to isolate the organism and was screened for its chitinolytic activity. The
biochemical tests were performed to prove its validity. The microorganism was also
screened by inoculating a loop full of the isolated strain in basic cresol red dye and incubated
for about 18- 24 h. The conversion of colour of the red dye into purple (pH, 6.5- 8.8) was
taken as an indication for the presence of Bacillus sp. Amylase production by the organism
was also screened by introduction of iodine in the broth/agar culture having starch. The
broth/agar medium having starch but no bacterial strain was used as the control. The
disappearance of color confirmed the presence of Bacillus strain producing amylase which
degrades the starch. The chitinous wastes were collected from fresh water crustaceans viz.
fresh water crab (Potamon sp.) and fresh water prawn (Palaemon sp.) and the chitin
extracted was used as the substrate for chitinase. The yield of chitin extracted from fresh
water prawn (Palaemon sp.) was found to be comparatively higher than that of chitin
extracted from fresh water crab (Potamon sp.). Standard colloidal chitin was used as the
reference control. The enzyme activity of chitinase for degradation of chitin extracted from
crab and prawn was compared. The results confirmed that chitinase activity for degradation
of crab chitin was comparatively higher than that of degradation of prawn chitin. The enzyme
activities were found to be 0.11 pg/mi/minute and 0.09 pg/ml/minute for degradation of crab
and prawn chitin respectively. The antimicrobial activity of chitinase extracted was
determined against the bacterial and fungal cultures. Potent antibacterial activity of chitinase
was observed against the bacterial cultures but no antifungal activity was observed. The
chitinase produced by the species was able to degrade the chitin and chito-oligosaccharides
produced was separated by TLC and purified by HPLC.
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Introduction

Chitin, a polysaccharide of animal origin, is obtained from
waste material of seafood industries. It occurs in the skeletal
material of crustaceans such as crabs, lobsters, shrimps,
prawns and crayfish. Chitin is also the important component of
exoskeleton of Arthropods Chitin is also forming the important
composition of fungus. Chitin hold great economic value due to
their versatile biological activities and chemical applications,
mainly in medical [1, 2] and pharmaceutical areas [3, 4]. Chito-

oligosaccharides and their N-acetylated analogues are useful
for applications in various fields because they have specific
biological activities such as antimicrobial activity, antitumor
activity, immune-enhancing effects [5]. Some chito-
oligosaccharides such as (GIcNAc) and (GIcNAc) have been
reported to possess antitumor activity [6, 7]. Chitinolytic
enzymes have been widely used in various processes
including the agricultural, biological and environmental fields



Abhishek Mathur et al./Rec Res Sci Tech 3 (2011) 01-06

[8]. Several chitinolytic enzymes have been identified in
various Streptomyces sp., including, Streptomyces plicatus [9],
S. lividans [10], S. virdificans [11] and S. halstedii [12]. The
chiinases were purified and characterized from marine
bacterium [13]. The potent chitinolytic activity of marine
actinomycetes species and enzymatic production of chito-
oligosaccharides was investigated [14].

Materials and Methods
All the materials, reagents and media used for the study
were procured from Ranchem, CDH and Hi-Media, India.

Collection of chitinous wastes

The chitinous wastes of fresh water crustaceans viz. fresh
water crab (Potamon sp.) and prawn (Palaemon sp.) were
collected from the fresh water areas of Dehradun and
Rishikesh (U.K), India and were washed properly in order to
remove the sand debris present on the surfaces. The chitinous
wastes were then after air dried and powdered material
obtained was used as chitin.

Demineralization of chitinous wastes

The demineralization of chitinous wastes was performed
[15]. The chitinous wastes were treated with 1.75 N acetic acid
at room temperature for about 12-15 hours. The ratio of waste
to solvent were maintained (1:15 w/v). The demineralized
material obtained were recovered by filteration and rinsing with
de-ionized water and will be dried in forced hot air oven at
65°C.

Deproteinization and removal of lipids

The new and advanced methodology for deproteinization
of proteins from demineralized chitinous wastes was designed
by using deproteinization agents. This process can be
performed either by using proteolytic enzymes such as
proteinase-K dissolved in buffer containing 0.05 M Tris-base
(pH, 6.5-9.1) in a ratio 1:20 (w/v) in flasks at various
temperatures in incubator-shaker for about 72 h and adding
mixture of solvents (phenol: chloroform, 1:1 ratio) again and
again to the residue obtained and centrifuging the mixture until
the residue gives no test for the presence of protein content.
After repeating the procedure for 3-4 times, finally the residue
was treated with 2N sodium hydroxide (1:25 w/v) at 70°C for 1
hour. The lipid content gets dissolved in phenol: chloroform
mixture and was removed from the chitinous wastes. Greese
spot test can be performed in order to determine qualitatively
the presence of lipid content if any present in the residual
material. The residual materials left were dried in hot air oven
at 60° C and percent yield of chitin extracted from fresh water
crab and prawn was calculated.

Preparation of colloidal chitin

The colloidal chitin was prepared by using 1g of standard
chitin, fresh water crab chitin and fresh water prawn chitin
separately in 1N HCI for 2 h at room temperature. The colloidal
chitin prepared of each of the samples was washed several
times with large volume of distilled water to adjust the pH to
7.0.

Isolation of microorganisms

The red soil was procured from Doiwala region of
Dehradun (U K), India by performing the serial dilution method
and maintained on glycerol yeast medium plates at 37°C.

Screening and culture conditions

For the screening purpose, strain was inoculated in 100
ml of medium (3% w/v chitin, 0.1% KH2POs, 0.05%
MgS04.7H20, 50 mM Sodium Phosphate buffer, pH 6.0) in a
250 ml Erlenmeyer flask at 30°C. Further basic dye cresol red
was added in a flask and kept for 18- 24 h. The conversion of
colour of the red dye into purple (pH, 6.5- 8.8) was taken as an
indication for the presence of Bacillus sp. Further biochemical
tests such as amylase production/starch hydrolysis assay were
performed in order to confirm the strain as Bacillus sp. Gram
staining confirmed the strain as gram positive.

Chitinase Production

For the production of chitinase, strain was grown in 100
ml of fresh medium (3% wiv chitin; 0.1% KH2POs 0.05%
MgS04.7H20; 50mM Sodium Phosphate buffer, pH 6.0) in a
250 ml Erlenmeyer flask at 30°C. For reflecting the growth of
the culture in this medium OD at 660 nm was taken using blank
as medium in which no inoculum was added. The supernatant
(enzyme) was collected from 3 day old cultures by centrifuging
the mixture at 12,000 g for 20 minutes. The enzyme was
concentrated by condensing the solution in order to reduce its
volume.

Measurement of enzyme activity

Chitinase activity was measured separately with colloidal
chitin, fresh water crab chitin, fresh water prawn chitin as the
substrate. Enzyme solution (0.5 ml) was added to 1.0 ml of
substrate solution, which contained a 1.5 % suspension of
each of the colloidal chitin prepared in a phosphate buffer (50
mM, pH 6.0) separately and the mixture were incubated at
37°C for 15 minutes. After centrifugation, the amount of
reducing sugars produced in the supernatant was determined
by the Dinitrosalicylic acid method for estimation of reducing
sugars [16] using N-acetyl glucosamine as a reference
compound [17]. One unit of chitinase activity was defined as
the amount of the enzyme that produced 1 umol of reducing
sugar per minute.

Determination of antimicrobial activity of chitinase
produced from strain

The antimicrobial activity of chitinase produced from
Bacillus strain was screened for its antimicrobial activity
against some microbial strains viz. E.coli, S.pyogenes,
Klebsiella pneumoniae, Lactococcus sp., A. niger, C. albicans
and S. cerevisae by well diffusion method [18]. The pure
cultures of test microorganisms were procured from National
Chemical Laboratory (NCL), Pune, Maharashtra, India.
Nutrient agar medium/broth was used for the growth of
bacterial cultures while Sabouraud’s dextrose agar/broth was
used for the fungal cultures. The wells were punctured in the
agar plates with sterile borer and 105 cfu/ml of the bacterial
and fungal cell suspension were introduced in the plates
separately. The enzyme supernatant was introduced in the
wells in each of the bacterial and fungal plates. The plates
were left free for the thorough diffusion of the enzyme
supernatant within the medium plates and were kept for 18-24
h and 72 h at 370 C for bacterial and fungal cultures
respectively. The diameter of zone of inhibition observed was
recorded.
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Preparation of Chito-oligosaccharides

For the preparation of chito-oligosaccharides, 1% colloidal
chitin prepared from standard chitin, fresh water crab and fresh
water prawn were dissolved in 0.05M Phosphate buffer (pH,
5.5). About 10 ml of enzyme was added in 15 ml of 1% of each
of the colloidal chitin in a 100 ml flask; further flask was kept at
30°C for 3 h. The reaction was terminated by immersing the
tubes in boiling water for 5 minutes. After performing
centrifugation at 3000 rpm, the insoluble materials were
collected and condensed to obtain the chito-oligosaccharides.

Analysis of Chito-oligosaccharides by TLC

The TLC analysis of chito-oligosaccharides obtained from
standard chitin, freshwater crab chitin and fresh water prawn
chitin was performed by using the solvent system n- butanol:
methanol: concentrated ammonia: water in the ratio of 5:4:2:1.
The chromatogram was developed in the iodine chamber for
the appearance of the spots and calculation of R values.

Analysis of Chito-oligosaccharides by HPLC

The purified compound obtained through gradient column
chromatography and TLC was subjected to HPLC analysis.
HPLC of the compound was performed in National Institute of

Malaria Research, Hardwar (Uttarakhand), India using a
Shimadzo LC- 2010 HPLC system (Kyoto, Japan), equipped
with a Shimadzo LC 2010 UV-VIS detector with a thermostated
flow cell. The detector signal was recorded on a Shimadzo
LC2010 integrator. The column used was a C-18 block
heating-type Shim-pack VP-ODS (4.6 mm interior diameter x
150 mm long) with a particle size of 5 ym. Then, a 20-pl of
sample was chromatographed using linear gradients of
CH3CN-H20 from 70% to 55% in 30 minutes at a flow rate of 1
ml/minute. The oligosaccharides were monitored at 205 nm
with a spectrophotometric detector.

Results and Discussion
Extraction of chitin from fresh water crustaceans

The chitin was extracted from fresh water crustaceans
according to the methodology designed. The percent yield of
chitin extracted from fresh water prawn (Palaemon sp.) was
comparatively more in comparison to fresh water crab
(Potamon sp.). The vyield of chitin extracted from fresh water
prawn and crab was found to be 80 and 70 % respectively. The
results of percent yield of chitin extracted are reported in Table
1;Fig.1.

Table 1: Percent yield of Chitin extracted from fresh water crustaceans

S.No. Sample % Yield
1. Fresh water prawn (Palaemon sp.) 80
2. Fresh water crab (Potamon sp.) 70

Percent Yield of chitin edracbed
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Figure 1: Percent yield of Chitin extracted from fresh water
crustaceans

Isolation and screening of microorganism from soil

The isolation of the strain was performed by serial dilution
of the soil sample and maintaining the culture on glycerol-yeast
medium plates. The microorganism was also screened by
inoculating a loop full of the isolated pure single colony in basic
cresol red dye and incubated for about 18- 24 h. The
conversion of colour of the red dye into purple (pH, 6.5- 8.8)
was taken as an indication for the presence of Bacillus sp.
Further amylase production/starch hydrolysis assay was
performed for its further confirmation. Amylase production by
the organism was screened by introduction of iodine in the
broth/agar culture having starch. The broth/agar medium
having starch but no bacterial strain was used as the control.
The disappearance of color confirmed the presence of Bacillus
strain producing amylase which degrades the starch. Thus no
purple coloured complex was formed on combination with
iodine. The results for the screening of the isolated strain are
represented in Fig. 2 (a) & (b).

Figure 2 (a): Screening of Bacillus sp. by using cresol red dye and
bromophenol blue (the first photograph is of control medium with dyes
separately in the test tubes with no inoculum while the second
photograph is final having medium with dyes separately with the
inoculum after 18- 24 h. The change in the colour of the plates is
because of change in pH due to the presence of Bacillus strain)

Figure 2 (b): Amylase production/ starch hydrolysis assay of Bacillus
strain (first test tube is the control tube having no inoculum in the
starch-broth after addition of few drops of iodine, the second tube

showed the disappearance of colour due to the starch hydrolysis by

amylase produced by the strain after 18-24 h incubation).
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Measurement of enzyme (chitinase) activity

The specific activity of chitinase (pg/ml/minute) was
determined by using colloidal chitin prepared from standard
chitin, fresh water prawn chitin and fresh water crab chitin as
the substrates separately. Standard linear plot was prepared
by taking aliquots of N-acetyl glucosamine as standards and
the concentration of N-acetyl glucosamine obtained as the
product after degradation of colloidal chitin from each of the
substrates was determined by DNSA method. Enzyme activity

obtained after degradation of standard chitin was
0.087pg/ml/minute while in case for degradation of fresh water
crab chitin was 0.11 pg/ml/minute and in case of degradation
of fresh water prawn chitin was 0.09 yg/mi/minute. The results
for specific activity of chitinase for degradation of chitin
extracted from fresh water crab were found to be
comparatively higher than that of the specific activity of
chitinase for degradation of prawn chitin. The results of specific
activity of chitinase are represented in Table 2 and Fig. 3.

Table 2: Specific activity (ug/ml/minute) of chitinase used for degradation of chitin extracted from fresh water crustaceans

S.No. Sample

Specific activity (ug/ml/minute)

1. Fresh water prawn (Palaemon sp.) chitin
2. Fresh water crab (Potamon sp.) chitin
3. Standard chitin

0.09
0.11
0.087

0.1z

0.1
o.0s
Q.08
.04
0.0z

Specific activity
{pg fralfrinute)
Specific actvity
of chitinases

Chitinase specific activity against
different colloidal chitin subs trates

BEFresh water prawn
P alasmon sp. )
chitin

EFresh water crab

P otarmon sp.)
chitin
OS5 tandard chitin

Figure 3: Specific activity (ug/ml/minute) of chitinase used for degradation of chitin extracted from fresh water crustaceans

Antimicrobial activity of chitinase produced from strain
The antimicrobial activity of chitinase produced from
Bacillus sp. was determined in vitro by well diffusion method.
The enzyme purified showed potent activity against the bacterial
cultures but no activity was observed against the fungal test
cultures. Amongst the test bacterial cultures the chitinase
showed maximum inhibition against S.pyogenes (diameter of
zone of inhibition: 26 mm) followed by K.pneumoniae (diameter
of zone of inhibition: 25 mm); Lactococcus sp. (diameter of zone
of inhibition: 23 mm) and E.coli (diameter of zone of inhibition: 21
mm). Our results strictly contradict the findings [19-21] which

confirmed the antifungal activity of chitinase. Although the
previous investigations on the antifungal activity of chitinase
were against the phytopathogenic fungi. We have used the
fungal test cultures such as Aspergillus niger and Candida
albicans which are dreadful to animals and humans for
determination of antifungal activity of chitinase. Thus from the
present study it can be said that chitinase are acting as
antifungal agents against phytopathogenic fungi and not against
all clinical isolates. The results of antimicrobial activity of
chinase are reported in Table 3 and Fig. 4.

Table 3: Antimicrobial activity of chitinase produced from the strain

S.NO. Diameter of zone of inhibition (mm)

ECO KPN

Chitinase 21.0 25.0

SP LAC CA AN SC
26.0 23.0 NA NA NA

ECO, E.coli; KPN, K.pneumoniae; SP, S.pyogenes; LAC, Lactococcus sp;

CA, C.albicans; AN, A.niger; SC, S.cerevisae.
NA, No activity.

Chitinase antimicrobial activity

Driameter of zone of inhibiton

Figure 4: Antimicrobial activity of chitinase produced from the strain
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Analysis of Chito-oligosaccharides by TLC

The chito-oligosaccharides obtained were analyzed by
TLC coated by Silica gel G-250 and Rf values of standard,
prawn and crab chito-oligosaccharides were determined by
using lodine chamber for the development of colour. Aimost
similar Rr values of all the extracted chito-oligosaccharides

were observed. Rrvalues obtained in case of standard chitin
(chito-oligosaccharide) was 0.59 while in case of fresh water
crab chito-oligosaccharide and fresh water prawn chito-
oligosaccharide, it was found to be 0.59 and 0.61 respectively.
The results of TLC of chito-oligosaccharides are represented in
Fig.5.

Figure 5: Separation and analysis of
chito-oligosaccharides by TLC

MNATIONAL INSTITUTE OF MALARIA RESEARCH

Figure 6 (a): Separation of standard chitin as revealed through HPLC chromatogram

Analysis of Chito-oligosaccharides by HPLC

The  chito-oligosaccharides, chitin  and  chitosan
(deacetylated form of chitin) were separated and purified by
HPLC using the suitable solvent system. The value of retention
time of extracted chitin was compared with that of standard.

The results indicate that extracted chitin had almost similar
value of retention time as that of standard chitin. The results of
analysis and separation of chito-oligosaccharides are
represented in Figure 6 (a) and (b).

Figure 6 (b): Separation of extracted chitin, chitosan and chito-oligosaccharides as revealed through HPLC chromatogram

Conclusion

From the present investigation it is confirmed that strains
isolated from soil such as Bacillus have chitinase activity and
thus the enzyme extracted from these strains can be used as a
catalyst for the degradation of chitin which is an abundant
polysaccharide after starch. The enzyme chitinase can be

immobilized to retain its activity for prolonged period and can
be used commercially for the preparation of chito-
oligosaccharides which have pharmacological activity [5-7].
Chitinase/chitinolytic enzymes have been widely used in
various processes including the agricultural, biological and
environmental fields [8]. Chitinase are acting as potent
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antifungal agents [19-21]. From our studies it is revealed that
chitinase has potent antibacterial activity. Thus there is a need
to commercialize the production of chitinase/ chitinolytic
enzyme from such microbial strains and production of chito-
oligosaccharides  which have beneficial aspects in
pharmaceutical and food industries.

Acknowledgement

Authors express their heartful thanks to Chairman, Mr.
Harish Arora and Vice Chairperson, Mrs. Rani Arora of Sai
Institute of Paramedical & Allied Sciences, Dehradun (U.K),
India for providing us the Research facilities. Inmense thanks
to Dr. V.D. Sharma, Dean Life Sciences, Dr. Aparna Singh,
Registrar and Dr. Sandhya Dogra, Principal, Sai Institute of
Paramedical & Allied Sciences for guiding us time to time for
the accomplishment of success in the piece of study. Thanks
to Mr. Sajad Yousuf and Ms. Aprajita Bhardwaj, Lecturers,
Dept. of Biochemistry, Sai Institute of Paramedical & Allied
Sciences for cooperation. The authors acknowledge the
research staff and Mr. S.N. Uniyal of Sai Institute of
Paramedical & Allied Sciences, Dehradun (U.K), India. Sincere
thanks to NIMR, Hardwar (U.K), India for providing us the
HPLC facility.

References

[11 Murugan R. and S. Ramakrishna. 2004. Bioresorbable
composite bone paste using polysaccharide based
nanohydroxyapatite. Biomaterials. 25(17): 3829-3835.

[2] Yadav AV. and B.B. Bhise. 2004. Chitosan a potential
biomaterial effective against typhoid. Curr. Sci. 187(9):
1176-1178.

[3] Takeuchi H., H. Yamamoto and Y. Kawashima. 2001.
Mucoadhesive nanoparticulate systems for peptide drug
delivery. Adv. Drug Deliv. Rev. 47(1): 39-54.

[4] Kato Y., H. Onishi and Y. Machida. 2003. Application of
chitin and chitosan derivatives in the pharmaceutical field.
Curr. Pharm. Biotechnology. 4(5): 303-309.

[5] Gohel V., A. Singh, V. Maisuria, A. Phdnis and H.S.
Chatpar. 2006. Bioprospecting and antifungal potential of
chitinolytic microorganisms. Afr. J. Biotechnol. 5; 54-72.

[6] SuzukiK., T. Mikami, Y. Okawa, A. Tokoro, S. Suzuki and
M. Suzuki. 1986. Antitumor effect of hexa-
Nacetylchitohexaose and chitohexose. Carbohydr. Res.
151: 403. 623

[7] Liang, TW., Y.J. Chen, Y.H. Yen and S.L. Wang. 2007.
The antitumor activity of the hydrolysate of chitinous
materials hydrolysed by crude enzyme from Bacillus
amyloliquefaciens V656. Process Biochem. 2; 527-534.

[8] Chuan L.D. 2006. Review of fungal chitinases.
Mycopathologia. 161: 345-360.

[9] Robbins P.W., C. Albright and B. Benfield. Cloning and
expression of a Streptomyces plicatus chitinases
(chitinase-63) in Escherichia coli. 1988. J Biol. Chem.
263: 443- 447.

[10] Miyashita K., T. Fujii and Y. Sawada. 1991. Molecular
cloning and expression of a Streptomyces lividans. J Gen
Microbiol. 137: 2065- 2072.66.

[11] Gupta R., RK. Saxena, P. Chaturvedi and J.S. Virdi.
1995. Chitinases production by Streptomyces virdificans,
it's potential in fungal cell walls lysis. J. Appl. Bacteriol.
78: 378-383.

[12] Joo G.J. 2005. Purification and characterization of an
extracellular chitinase from the antifungal biocontrol agent
Streptomyces halstedii. Biotechnol Letters. 27: 1483-
1486.

[13] Lee HK., J.H. Lee and S.H. Park. Purification and
characterization of chitinases from marine bacterium
Vibrio sp.98CJ11027. 2000. The J. Microbiology.
38(4):224-229.

[14] EI-Shayeb N.A., M.S. Hosny, A. El-Dein, A. Abood and
A.M. Abdel Fattah. 2010. A potent chitinolytic activity of
marine actinomycetes species and enzymatic production
of chito-oligosaccharides. Australian J. Basic and Applied
Sciences. 4(4): 615-623.

[15] Gagné N. and B.K. Simpson. 1993. Use of proteolytic
enzymes to facilitate the recovery of chitin from shrimp
wastes. Food Biotechnol. 7: 253-263.

[16] Miller G.L. Estimation of reducing sugars by DNSA
method.1972. Anal Chem. 31: 426.

[17] Imoto T. and K. Yagishita. 1971. A simple activity
measurement by lysozyme. Agric Biol. Chem. 35:1154-
1156.

[18] Perez C. and C. Anesini. 1993. In vitro antimicrobial
activity of Argentine folk medicinal plants against
Salmonella typhii. Journal of Ethnopharmacology. 44: 41-
46.

[19] Chang W.T., M.L. Chen and S.L.. Wang. 2010. An
antifungal chitinase produced by Bacillus subtilis using
chitin waste as carbon source. World J. Microbiol.
Biotechnology. 26: 945-950.

[20] Limon M.C., M.R. Chacon, R. Mejias, J. Delgado-Jarana,
A.M. Rincon, A.C. Codon and T. Benitez. 2004. Increased
antifungal and chitinase specific activities of Trichoderma
harzianum CECT 2413 by addition of a cellulose binding
domain. Applied Genetics and Molecular Biotechnology.
64: 675-685.

[21] Wang S.L., T.Y. Lin, Y.H. Yen, H.F. Liao and Y.J. Chen.
2006. Bioconversion of shell fish chitin wastes for the
production of Bacillus subtilis W-118 chitinase.
Carbohyd.Res.341:2507-2515.



