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A chitinolytic actinomycete was isolated from agricultural soil in the centre of Poland. It was identified as
Streptomyces rimosus. Identification was based on standard biochemical tests and on 16S rRNA gene
sequence analysis. The degradation of chitinous substances (shrimp shell waste, crab chitin powder and
chitosan) was examined on the basis of oxygen consumption by applying OxiTop (WTW). The enzyme
catalyzed the hydrolysis of the disaccharide 4-MU-(GlcNAc)3 most efficiently and was therefore classified
as an endochitinase. The chitinase was purified from culture medium by fractionation with ammonium
sulfate and affinity chromatography. The purified proteins were subjected to identification by mass
spectrometry. Based on analysis of the resultant fragments of the amino acid sequence of chitinase
produced by the examined bacteria, degenerate primers for PCR were designed. The results of our
research prove that the substances which are metabolised by S. rimosus the most efficiently are chitosan
and the shrimp shell waste. Chitinolytic activity examination showed that shrimp shell waste was the
finest inducer of chitinase synthesis. The molecular mass of the purified enzyme was 63 kDa. The highest
activity of chitinase was obtained at the temperature of 40�e45 �C. Optimal pH for chitinase activity was
7.0. The activity of the purified chitinase was stabilized by Mg2þ ions. The activity of the enzyme was
inhibited by Hg2þ and Pb2þ ions. Chitinase inhibited the growth of the fungal phytopathogens
Fusarium solani and Alternaria alternata. The nucleotide sequence of the amplified gene fragment
proved to be similar to the sequence of chitinase-encoding genes of the glycoside hydrolases family 18.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Apart from cellulose, chitin is the major source of natural
organic compounds (Yang et al., 2009). This long biopolymer chain
contains N-acetyl-D-glucosamine (GLcNAc) monomers forming
covalent b-1,4 linkages (Kim et al., 2007; Xayphakatsaa et al., 2008).
Chitin is widely dispersed in the structural components of
numerous organisms including crustacean and mollusc shells,
arthropod exoskeletons as well as fungal cell walls (Ikeda et al.,
2009; Lee et al., 2009). Chitin is created from marine food
production waste, e.g. shrimp and crab shells or krill (Xu et al.,
2008). Approximately 75% of the total weight of shellfish such as
shrimp, crab and krill is considered waste, and chitin comprises
from 20% to 58% of the dry weight of the said waste (Wang et al.,
1997). Both degradation and recycling of chitin constitute an
important phase in maintaining the global circulation of carbon
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and nitrogen (Hoang et al., 2011). Generally, they consist of
microbiological processes, because chitin may be used by a micro-
population as the only source of carbon and nitrogen (Nielsen and
Sørensen, 1999). Chitinases play an important role in the decom-
position of chitin and potentially in the utilization of chitin as
a renewable resource (Zarei et al., 2010). The enzymatic hydrolysis
of chitin to free N-acetylglucosamine proceeds with the participa-
tion of chitinolytic enzymes which catalyze the hydrolytic depo-
lymerization of chitin (Gohel et al., 2006; Saks and Jankiewicz,
2010). These enzymes are classified into glycosyl hydrolase
subfamilies 18 and 19 on the basis of amino acid similarities within
the catalytic domain (Henrissat and Bairoch, 1993). Chitinases are
commonly found in many soil bacteria and fungi which are able to
degrade chitin, a component of the fungal cell wall and a constit-
uent of the exoskeletons of worms and arthropods (Hoster et al.,
2005; Meanwell and Shama, 2008; Yu et al., 2008). Among the
chitinolytic bacteria, several Actinobacteria and Streptomyces
species are thought to degrade the chitinous cell wall of plant
fungal pathogens through the production of chitinases and anti-
biotics (Kawase et al., 2006; Yu et al., 2008).
tion of chitinous substances and chitinase production by the soil
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The objective of this research was to investigate the extent of
degradation of chitinous substances through both the actinomycete
strain isolated from the soil and the purification as well as char-
acterization of chitinases.

2. Materials and methods

2.1. Isolation and screening of actinomycetes

Chitinolytic actinomycetes were isolated from agricultural soil
from the centre of Poland. Detection of chitinolytic activity was
based on clearing zones around bacterial colonies growing on
Actinomycete Isolation Agar (Difco) medium with colloidal chitin
(2%). Cultures were incubated for 7 days at 28 �C. Colonies with
the biggest halos were isolated and used for further investigations
Strain identification involved morphological and biochemical tests
(Williams et al., 1994) (Table 1) and on 16S rRNA gene sequence
analysis. Amplification of the 16S rRNA gene was carried out using
the universal primers 27F and 1401R (Watanabe et al., 2001). The
matrix in the reaction was constituted by the genomic DNA
separated from cells of bacteria in the subsequent stage of loga-
rithmic growth, applying the method described by Kutchma et al.
(1998). After purification, the product of PCR was sequenced in the
DNA Sequencing and Oligonucleotides Synthesis Laboratory at IBB
(PAN e Polish Academy of Sciences, Poland). The obtained nucle-
otide sequences were compared with sequences deposited in
available databases of GenBank/EMBL/DDBJ using the software
BLAST. Based on analysis of the sequence of the gene encoding 16S
rRNA, the strain was classified as Streptomyces rimosus (GenBank
accession no. AB7252387).

2.2. Biodegradation of chitinous substances

Biodegradation of chitinous substances was determined by the
respirometric method. The method is based on changes in pressure
following oxygen consumption in a hermetically closed bottle
containing the sample. This apparatus measures the oxygen
consumption almost continuously over the incubation period. The
measurement of BOD with OxiTop� Control was carried out
according to the operating instruction provided by the supplier
Table 1
Morphological, physiological and biochemical characteristics of Streptomyces
rimosus.

Characteristic Results Characteristic Results

Mycelial pigment red-orange � Growth at 45 �C -
Diffusible pigment produced � 37 �C þ
Diffusible pigment yellow-brown � Growth with (% w/v) : þ
Melanin production on: NaCI (% 4) þ
Peptone yeast iron agar � NaCI (% 7) þ
Tyrosine agar � Sodium azide (0.01) �
Antibiosis against to: Phenol (0.1) �
Bacillus subtilis þ Utilization of nitrogen

sources:
Micrococcus luteus þ L-Cysteine �
Lecithinase activity þ L-Valine �
Lipolysis þ L-Phenylalanine �
Pectin hydrolysis þ L-Histidine þ
Chitin hydrolysis þ Utilization of carbon

sources:
Proteolytic activity þ Sucrose �
H2S production þ Mannitol þ
Nitrate reduction � Raffinose �
Resistance to: Dextran �
Neomycin (50 mg/ml) þ
Rifampicin (5 mg/ml) �
Penicillin G (10 IU) þ
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WTW (1998) and the author’s own materials. The experiment
focused on the degradation of chitinous substances �crab shell
powder chitin (SigmaeAldrich), shrimp shell waste and chitosan
(SigmaeAldrich)� by the actinomycete strain isolated from the soil
which is characterized by high activity of chitinases and was
identified as S. rimosus. To conduct the experiment 100 ml of
inorganic medium, prepared according to the standardised proce-
dure ISO 14853 (International Standardisation, 1999), were placed
in a measuring vessel. Subsequently, chitinous substances were
added (0.05 g). Growth medium was inoculated with 2 ml of S.
rimosus suspension. Samples were incubated for 14 days at 26 �C.
Samples without chitinous substances were the control samples.
The samples were analyzed in triplicate. Biodegradation rate was
calculated by comparing the BOD with the theoretical oxygen
demand (ThOD) and expressed as a percentage (O’Malley, 2006).
Shrimp waste originated from a processing facility. The company
has been shelling shrimp (Pandalus borealis) from the North Sea
since 1991. Shrimpwastewas dried at 105 �C, ground, and sterilized
in an autoclave for 20 min at 117 �C. Protein and fat from shrimp
shells were removed using trypsin and ether, respectively.

2.3. Chitinase production

Five hundred ml of liquid medium containing: 0.2% sodium
caseinate, 0.01% asparagines, 0.05% K2HPO4, 0.01% MgSO4$7H2 (pH
7.5) were inoculated with 10 ml of S. rimosus suspension
(106 spores/ml). The substrate for microbial chitinase production
was added into each medium: shrimp shell waste, crab shell
powder chitin or chitosan (2%). The culture was performed at 28 �C
for 10 days with shaking (100 rpm) and then cultures were
centrifuged at 10,000� g for 10min atþ 4 �C. All experiments were
conducted in triplicate.

2.4. Determination of chitinolytic activity

The fluorogenic substrates 4-methylumbelliferyl-b-D-N,N0, N0-tri-
acetylchitotriose [4-MU-(GlcNAc)3], 4-methylumbelliferyl-b-D-N, N0-
diacetylchitobioside [4-MU-(GlcNAc)2] and 4-methylumbelliferyl-N-
acetyl-b-D-glucosaminide [4-MU-GlcNAc] were used to detect endo-
chitinases, exochitinases and N-acetylhexosaminidases, respectively
(McCreath and Gooday, 1992; Lindahl and Finlay, 2005). Substrates
were supplied by SigmaeAldrich. Stock solutions of fluorogenic
substrateswere prepared in50% ethanol at a concentration of 0.8mM
and stored at �20 �C. The reaction mixture contained: 1 ml crude
enzymes, 0.125 ml substrate 4MU- (GlcNac)1e3 solution (the final
concentration in a sample was 50 mM/L and 0.125 ml of phosphate
buffer (50mM, pH7). Themixturewas incubated for 1 h in the dark at
40 �C. The control, prior to addition of the substrate, was treatedwith
0.1ml solution of HgCl2 in order to deactivate the enzymes present in
the sample (final concentration: 4mM/l). Themixturewas incubated
for 1 h in the dark at 40 �C. After incubation, enzymatic
reactions were stopped by adding HgCl2. The released 4-methy
lumbelliferone (MU) was measured fluorimetrically at 318 nm exci-
tation and 445 nm emission using the Hitachi F 2500 spectrofluo-
rometer. Oneunitof enzymeactivity (U)wasdefined as theamountof
enzyme required to release 1 nM MU/mg protein/h. Protein content
was determined according to method of Bradford (1976) with bovine
serum albumin as a standard.

2.5. Purification of chitinase

Purification of chitinases involved two steps: fractionation
with ammonium sulfate and chitin affinity chromatography. All
purification procedures were carried out at the temperature of
4 �C. Cultures of S. rimosus were carried out in the medium
tion of chitinous substances and chitinase production by the soil
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containing shrimp shell (2%). After 6 days of incubation at 26 �C
the culture was centrifuged at 10,000 rpm at 4 �C. The culture
medium (2 l) was precipitated using ammonium sulfate to 85%
saturation. The protein deposit was obtained by centrifugation
(16,000 � g, 30 min) and dissolved in 50 mM sodium phosphate
buffer (pH 7.0) and dialyzed against the same buffer overnight.
The second step was chitin affinity chromatography according to
the modified method of Escott et al. (1998). The same volume of
1% (w/v) colloidal chitin in 50 mM sodium phosphate buffer (pH
7.0) was added to the desalted enzyme solution and incubated for
2 h at 4 �C. This solution was centrifuged (10,000 � g, 15 min), the
supernatant was discarded and the deposit was washed twice
with 50 mM sodium phosphate buffer (pH 7.0). The bound
proteins were eluted with 50 mM acetate buffer, pH 4.0 and
dialyzed overnight. After each purification phase the activity of
chitinases and protein content were determined. The highly
purified enzyme preparation (50 mg/ml) was sent to the Mass
Spectrometry Laboratory at IBB PAN Poland. A protein sample
previously digested using trypsin was separated on a nanoAcquity
UPLC (Ultra Performance LC) system and analyzed with an
Orbitrap-based mass spectrometer.
2.6. Cloning of part of the chitinase gene

Isolation of genomic S. rimosusDNAwas carried out with the use
of Genomic DNA Purification Kit (Fermentas). For cloning the
following pairs of primers were used:

F: 50 GTCCAGCCTTTCTATTCTC 30

R: 50AGGAGTAGAGGATCTTGATG 30

The PCR product was ligated into vector pGEM�-T (Promega)
and propagated in Escherichia coli JM109 cells. Plasmids were iso-
lated from white bacterial colonies in which the presence of the
gene coding for chitinase in the plasmid was additionally verified
by PCR using the abovementioned primers. Plasmids containing
a DNA insert in the form of S. rimosus chitinase gene were sent for
sequencing to the Laboratory of DNA Sequencing and Oligonucle-
otide Synthesis (IBB PAN Poland).
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Fig. 1. Biological oxygen demand (BOD) obtained for tested chitinous substances.
2.7. Characteristic of purified chitinase

The molecular mass of the enzyme was determined. Electro-
phoresis under denaturing conditions (SDS PAGE) was performed
in 12% polyacrylamide gel according to the procedure described
by Laemmli (1970) in Tris-Glycine buffer, pH 8.3. The protein
bands were visualized using Coomassie Brilliant Blue R-250. The
molecular mass of the enzyme was estimated by SDS-PAGE. The
following molecular weight standards were used: phosphorylase
b (97 kDa), bovine serum albumin (66 kDa), ovalbumin (45 kDa),
carbonic anhydrase (31 kDa), soybean trypsin inhibitor (21 kDa),
and lysozyme (14 kDa). The optimum temperature activity of
chitinase was determined between 40 and 60 �C. The optimum
pH was determined in a range of 4.0e8.0. The buffer systems
were the following: 50 mM acetate buffer for the pH 4e5 and
50 mM sodium phosphate buffer for the pH range of 6e8. The
effects of various chemicals on enzyme activity was determined
following pre-incubation of the purified chitinase for 30 min at
4 �C in the presence of divalent metal ions (Mg, Ca, Hg, Zn, Mn,
Cd, Pb) and SDS, urea. Final concentrations of the chemicals were
1 mM. Afterward the substrate was added and the residual
activity was tested. Antifungal activity of chitinase was also
estimated using growth inhibition assay described earlier by
Wang et al. (2002). The chitinase was tested for inhibitory activity
against the growth of phytopathogenic strains: Alternaria alter-
nata, Fusarium oxysporum, Fusarium solani, Fusarium culmorum,
Please cite this article in press as: Brzezinska, M.S., et al., Biodegrada
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Botrytis cinerea. The fungi came from the Bank of Plant Pathogens
in Poznan.
3. Results and discussion

3.1. Biodegradation of chitinous substances and production of
chitinolytic enzymes

Degradation of chitinous substances was determined on the
basis of oxygen consumption by S. rimosus. The highest oxygen
consumptionwas recorded in the presence of chitosan (980mgO2/g
OC after 14 days) and shrimp shells (890 mgO2/g OC after 14 days).
The chitin powderwas used the very least (Fig.1). From the analysis
of data it appears that the highest oxygen consumption by S.
rimosus in the presence of all chitinous substances took place after
10 days of incubation. In this case the uptake of oxygen was not so
intensive. Biodegradation rate was calculated by comparing the
BOD with the theoretical oxygen demand (ThOD). The study
revealed that chitosan was biodegradable to the greatest extent
(42.5% after 14 days). S. rimosus was also effective in shrimp shell
decomposition (38.2% after 14 days). The chitin powder was
degraded to the smallest extent (19.7% after 14 days) (Table 3).
Hoang et al. (2011) studied the degradation of shrimp shells by
Streptomyces sp TH-11 using an electron microscope and atomic
force microscopy. They observed a significant reduction in the
weight of shrimp shells on the following days: 7, 12 and 16. The
researchers reported that chitin powder was well degraded by
Streptomyces sp TH-11. This substrate constituted a good inducer of
chitinases. Many authors report that shrimp shells and chitin
powder are excellent material for the production of chitinases
(Wang et al., 2005; Chang et al., 2010; Ghasemi et al., 2010; Hoang
et al., 2011). This proves that the aforementioned substances are
efficiently used by microorganisms as a source of carbon and
nitrogen. Chitinases of S. rimosus were strongly induced by shrimp
shells. The activity of actinomycete chitinases was slightly lower
when the chitin powder was present in the substrate, whereas
chitosan turned out to be the weakest inducer of chitinases (Fig. 2.)
Wang et al. (1997, 2002a,b) conducted numerous research on the
use of shrimp waste by bacteria. Shrimp and crab shell powder was
used for production of chitinase by Pseudomonas aeruginosa Bacillus
amyloliquefaciens V656 and Monascus purpureus CCRC31499.
Rattanakit et al. (2007) reported that shrimp waste was an appro-
priate substrate for the culture of Aspergillus sp. S1e13 on solid
tion of chitinous substances and chitinase production by the soil
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Fig. 2. Effect of time and chitinous substances on production of chitinase of Strepto-
myces rimosus.

Table 4

Table 2
Total organic carbon contents in the different samples.

Sample TOC (%)

Chitin powder 45.7
Chitosan 40.2
Shrimp shell 26.9
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nutrient medium. The organism synthesizes the same or even
bigger amount of enzymes than a fungus grown on the nutrient
mediumwith an addition of colloidal chitin. There is no doubt that
shrimp shell waste was efficiently utilized by chitinases of micro-
biological origin. Nevertheless, many researchers claim that
colloidal chitin is the best inducer of chitinases (Kim et al., 2007;
Zarei et al., 2010). In all probability, for some microorganisms the
absorption of colloidal chitin is easier in comparison with shrimp
shells or chitin powder. Without any doubt, shrimp shell waste is
efficiently utilized by chitinases of microbiological origin. Proper
chitinous waste disposal is rare. However, if it is carried out effec-
tively, it solves the environmental problems and has enormous
economic value (Wang et al., 2002). According to our research,
chitinous substances were intensively degraded during 10 days,
after that period the degradation was less intensive. This may be
caused by the appearance of different metabolites which can
contribute to the inhibition of metabolism in the actinomycete.

Our studies show that S. rimosus produces different chitinolytic
enzymes (Table 4). The use of fluorogenic substrates for deter-
mining the substrate specificity of chitinases with regard to the
bond split is ambiguous. Based on the literature N- acetylglucosa-
minidases degrade 4-MU GlcNAc, exochitinases degrade 4-MU
(GlcNAc)2, and endochitinases 4-MU (GlcNAc)3 and 4-MU
(GlcNAc)4 (McCreath and Gooday, 1992; Arora et al., 2003; Ruiz-
Sànchez et al., 2005). According to Watanabe et al. (1990), exo-
chitinases should not be able to release free 4 MU from 4-MU-
(GlcNAc)3. However, their studies indicate that the amount of free 4
MU released from 4- MU-(GlcNAc)3 was 10 times higher than from
4-MU-(GlcNAc)2. In turn, Lindahl and Finlay (2005) showed that
4MU-GlcNAc and 4MU-(GlcNAc)2 were degraded by commercial
endochitinases, but to a lesser degree than 4MU-(GlcNAc)3.
However, in samples where fluorescence with 4MU-(GlcNAc)3 is
low compared to that observed with 4MU-GlcNAc and 4MU-
(GlcNAc)2, fluorogenic substrates may be used as specific indicators
of their respective target enzyme activities. In the samples used in
our studies the highest enzyme activity was observed with the use
of 4-MU-(GlcNAc)3, which would point to the presence of an
endochitinase. High activity of the enzyme was also observed with
4-MU-GlcNAc as the substrate. A review of the literature shows that
could be a N-acetyl-b-glucosaminidase (exochitinase) (Eilenberg
et al., 2006), i.e. a N-acetylhexosaminidase (exochitinase)
(Harman et al., 2004; Lindahl and Finlay, 2005). Chitinolytic
enzymes from S. rimosus showed highest activity after 6 days of
incubation. Afterward, their activity decreased (Table 4). The lower
activity of the enzymes after 6 days of incubation can be induced by
depletion of growth-promoting substances and the presence of
metabolites which not only inhibit the development of the acti-
nomycete, but also inhibit the activity of the enzyme itself. Dahiya
et al. (2005) reported maximum activity of chitinases from
Table 3
Biodegradation of the tested chitin substances (%).

No. of days Chitosan Chitin powder Shrimp shell

6 21.2 5.2 19.3
10 34.3 15.4 30.9
14 42.5 19.7 38.2
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Enterobacter sp. NRG4 obtained after 6 days of incubation. In some
strains Bacillus laterosporous MML2270, Bacillus sp., Streptomyces
venezuelae P10 and Stenotrophomonas maltophilia, maximum chiti-
nase has already been observed after 4 days of incubation
(Mukherjee and Sen 2006, Shanmugaiah et al., 2008; Xiao et al.,
2009; ; Jankiewicz et al., 2012.

3.2. Purification of chitinases

Table 5 shows purification steps for chitinase from S. rimosus.
Ammonium sulfate precipitation and chitin affinity adsorption
resulted in 3.2-fold purified enzyme preparationwith 24% recovery
of activity. Purified chitinases were active at the level of 25 nmol/
mg Narayana and Vijayalakshmi (2009) purified chitinase from
Streptomyces ANU 6277 in a two-step process: ammonium sulfate
precipitation and gel filtration by Sephadex G-100. The purification
of the chitinase was increased to 5 fold with general yields at the
level of 46.2%. Yano et al. (2008) applied a five-stage purification of
chitinases from Streptomyces cyaneus Sp-27 and purified the
enzyme preparation to 16 e fold with a general yield of 9.3%.
However, Kavitha and Vijayalakshmi (2011) purified chitinases
from Streptomyces tendae TK-VL 333 and obtained 3-fold purifica-
tion of the enzyme preparation to with extremely high recovery of
activity � 43%.Table 2.

3.3. Identification of purified enzymatic protein

The peptide sequence which was identified using mass spec-
trometry seemed to be similar to the sequences of chitinase C
Streptomyces albus J1074, (Genbank accession: ZP_06593566).
However, there were only 10% overlaps with chitinase C from
S. albus J1074. Consequently, the additional cloning of one part of
Chitinolytic activity of Streptomyces rimosus using different fluorescent substrates.

Substrate Enzyme Specific activity (U/mg protein)

2 Days 4 Days 6 Days 8 Days

4-MU GlcNAc N-acetylhexaminidase 32.3 70.3 78.8 65.2
4-MU (GlcNAc)2 Exo-chitinase 3.2 9.5 10.8 9.1
4-MU (GlcNAc)3 Endo-chitinase 43.5 80.2 83.4 72.3

The substrate for microbial chitinolytic enzymes production was added into
medium shrimp shell waste (2%). Cultivation was performed at 28 �C for 8 days.

tion of chitinous substances and chitinase production by the soil
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Table 6
Characteristic of purified chitinase from Streptomyces rimosus.

Item Characteristic

Molecular weight (kDa) 50
Optimal temperature (�C) 40
Optimal pH 8
Activator Mg2þ, Ca2þ

Inhibitor Hg2þ, Pb2þ

Antifungal activity Alternaria alternata,Fusarium solani

Table 5
Purification of chitinase from Streptomyces rimosus.

Step Total
protein
(mg)

Total
activity
(U)

Specific
activity
(U/mg)

Yield
(%)

Purification
factor

Culture supernatant 230 1750 7.8 100 1
NH4SO4 (85%) dialysis 51 670 13.1 38 1.7
Affinity adsorption dialysis 17 425 25 24 3.2
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the gene coding for chitinase strain S. rimosus. The obtained
nucleotide sequence (900 bp), after being translated into the amino
acid sequence, showed full identity with the sequence of S. albus
J1074 chitinase (Fig. 3). The nucleotide sequence of the amplified
gene fragment was similar to the sequence of genes encoding
chitinases from the glycoside hydrolases family 18, type C.

3.4. Characteristic of purified chitinase

Table 6 shows the characteristics of purified chitinase. After
native electrophoretic separation of the purified preparation, one
protein band with molecular weight 63 kDa was observed (Fig. 4).
The molecular weight of chitinases produced by actinobacteria and
determined by SDS-PAGE is different: 35 kDa inMicrobispora sp. V2
(Nawani et al. 2002), 43 kDa and 45 kDa in Streptomyces albovi-
naceus (El-Abyad et al. 1993), 49 kDa in Streptomyces griseus HUT
6037 (Tanabe et al. 2000), 66 kDa in S. venezuelae P10 (Mukherjee
and Sen, 2006). The optimal temperature for purified chitinase S.
rimosus activity was 40 �C. The optimum reaction temperatures of
chitinases from Streptomyces were reported to be at the level of
40 �C (Gomes et al., 2001; Freeman et al., 2004). The optimum
Fig. 3. Multiple-sequence alignment of chitinase from studied Streptomyces rimosus. Small
accession number: ZP_06593566) BIG LETTERS : amino acid sequence translated from nucleo
analysis of chitinase S. rimosus.
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temperature of chitinase activity Streptomyces CU 36 was 40 �C and
45 �C (Kamel et al., 1993) and for Streptomyces sp. IK 30 �C (Margino
et al., 2010).

Optimal pH for chitinase activity from S. rimosus was 7.0.
According to Margino et al. (2010) chitinase from Streptomyces
sp. IK was optimally active at pH 6.7. Han et al. (2009) reported
that the chitinase from Streptomyces sp. DA11 had maximum
activity at pH 8.0. As for other species of Streptomyces, the
optimum pH for chitinase activity was from 3.3 to 7.5 (Gomes
et al., 2001).

The activity of the purified chitinase was stabilized by Mg2þ

ions, while Hg2þ and Pb2þ ions strongly inhibited the enzyme
activity. Similar results were obtained by other researchers (Kim
et al., 2007; Han et al., 2009). Antifungal activity of the purified
chitinase against F. solani and A. alternata was observed. Many
bacteria produce antifungal chitinase: Enterobacter sp. NRG4,
Pseudomonas sp. TKU015, Streptomyces hygroscopicus, Bacillus
pumilus SG2 (Dahiya et al., 2005; Wang et al., 2008; Prapagdee
et al., 2008; Ghasemi et al., 2010). S. rimosus is recognized
mainly because of the fact that it produces an antifungal anti-
biotic (Yu et al., 2008). Our research shows the potential of
letters : amino acid sequence of chitinase C from Streptomyces albus J1074 (Genbank
tide sequence from obtained chitinase S. rimosus clone, Letters Underlined: LCeMS/MS
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Fig. 4. SDSePAGE analysis of purified chitinases from Streptomyces rimosus 1. Molec-
ular weight markers. 2. Purified chitinase preparation.
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chitinase produced by S. rimosus. Not only does the chitinase
produced by this microorganism degrade chitinous substances,
but it also inhibits the growth of phytopathogens.

4. Conclusion

The studies described investigate the extent of degradation of
chitinous substances through both the actinomycete strain isolated
from the soil and the purification as well as characterization of
chitinases S. rimosus is recognized mainly because of the fact that it
produces antimicrobial antibiotic. Our research shows the potential
of chitinase produced by S. rimosus. The chitinase produced by this
microorganism degrades the chitinous substances and also inhibits
growth of phytopathogens. In this way they contribute to the
circulation of carbon and nitrogen in nature and they take part in
plant protection. Biological combating plant pathogens provides
alternative methods of treating plant diseases without the adverse
effects of chemical fungicides, which are usually expensive and can
cause environmental pollution. Our research shows that S. rimosus
produces different chitinolytic enzymes. The most active was
endochitinase, which may be of great importance in the biocontrol.
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