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Abstract A novel antifungal chitosanase from Anabaena
fertilissima, strain RPAN1, was characterized as a prelude
to its use in biocontrol. The culture grown at 8:16 h L:D
photoperiod showed highest chitosanase/antifungal activity
under environmental and nutritional conditions of 43 μM of
P level, pH 9.0 and temperature of 27°C. The transcrip-
tional level of chitosanase encoding gene (cho) measured
using quantitative real-time PCR (qRT-PCR) also indicated
increased expression levels under the same optimized
conditions. Under these conditions, cho encoding chitosa-
nase was purified which exhibited a specific activity of 822
U/mg. The chitosanase activity measured using different
substrates showed the highest activity against colloidal
chitosan. HPLC profile of the products of enzyme activity
with different chitosan oligosaccharides revealed the pro-
duction of dimer units (GlcN)2 or more, confirming the
endo-type nature of the purified chitosanase. The optimum
pH and temperature of the purified enzyme was 7.5 and
27°C, respectively. Further, the enzyme was stable in the

pH range of 5.5–9.0 up to 12 h and temperature between 27
and 50°C up to 3 h. The enzyme was strongly inhibited by
Ag+, Fe3+ and Hg2+ and stimulated by Cu+2 and Zn2+. The
investigation revealed significant features regarding the
stability of the chitosanase enzyme from A. fertilissima
under a broad range of pH and temperature which can help
in its effective use in biocontrol.
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Introduction

Cyanobacteria constitute an extremely diverse group of
photosynthetic prokaryotes exhibiting variability in physi-
ological, morphological and developmental characteristics.
The chemicals excreted/secreted by these organisms are
known to provide them with a competitive advantage and
permit proliferation in the specific environments (Tonk et
al. 2005). Various strains of cyanobacteria are known to
produce intracellular and extracellular metabolites with
diverse biological activities such as antibacterial, antifun-
gal, cytotoxic, algicidal, immunosuppressive and antiviral
(Ray and Bagchi 2001). Although the use of cyanobacteria
as a biofertilizer has been demonstrated (Silva and Silva
2007), very few reports on its use as biocontrol agent are
available (Manjunath et al. 2010).

Chitosan is a deacetylated derivative of chitin, a linear
polymer of β-1,4-linked N-acetylglucosamine residues. In
nature, chitosan is present only in the cell walls of a limited
group of fungi such as the genera Rhizopus, Absidia and
Fusarium (Alfonso et al. 1992). Chitosanases (EC
3.2.1.132) are the glycosyl hydrolases that catalyze the
hydrolysis of the β-1, 4-glycosidic linkage of chitosan to
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yield chitosan-oligosaccharides. The oligomers produced
by the enzymatic hydrolysis of chitosan are very attractive
for use in food in addition to agricultural and pharmaceu-
tical applications, because of their various biological
activities, including antitumor and antibacterial effects
(Moon et al. 2007). Several chemical and physical
techniques have been utilized to obtain chitosan chains
with varying degree of polymerization (Popa-Nita et al.
2009). Chitosanases in either free or immobilized form
have also been intensively studied using different biophys-
ical techniques (Dennhart et al. 2008; Kuroiwa et al. 2009).

To date, several chitosanolytic enzymes have been
purified and characterized from bacteria, fungi and plants.
Chitosanases have been classified into seven glycoside
hydrolase (GH) families mainly GH-3, GH-5, GH-7, GH-8,
GH-46, GH-75 and GH-80, based on the amino acid
sequence similarity of their catalytic domains (Ando et al.
2008; Bueno et al. 1990; Gupta et al. 2010; Ike et al. 2007;
Johnsen et al. 2010; Park et al. 1999; Shimosaka et al.
1996; Tanabe et al. 2003). Most of them catalyze the endo-
type cleavage of chitosan but their mechanism can be
transformed into exo-type by protein engineering (Yao et al.
2008). Many glycoside hydrolases including chitosanases,
cellulases, xylanases, and licheninases are classified as GH-
3, GH-5, GH-7 and GH-8 enzymes. But the GH-46, GH-75,
and GH-80 glycosyl enzymes are exclusively chitosanases
(Lee et al. 2007).

Endoglucanases/chitinases/chitosanases are identified as
key enzymes which can be employed as biocontrol agents
to restrict the growth of phytopathogens (Adams 2004).
The successful use of Pseudomonas sp., Serratia marce-
scens, Trichoderma sp. Bacillus sp. and Streptomyces sp.
producing chitinases/endoglucanases has already been
demonstrated and hence can be employed as biocontrol
agents against phytopathogenic fungi (El-Mougy et al.
2011; Ganiger et al. 2009; Gupta et al. 2011; Huang et al.
2005; Quecine et al. 2008; Someya et al. 2005; Weller
2007). The chitosanase-producing microbes such as Bacil-
lus pumilus, Bacillus cereus D-11, Amycolatopsis sp. CsO-
2, Sphingobacterium multivorum, and Penicillium chry-
sogenum have shown excellent potential in the biocontrol
of Rhizopus oryzae, Fusarium oxysporum, Fusarium
solani, and toxic molds (Fukamizo et al. 1996; Gao et al.
2008; Martin et al. 2010; Matsuda et al. 2001; Saito et al.
2009). Some bacteria such as Burkholderia gladioli and
Streptomyces coelicolor produce both chitinases and chito-
sanases that can act synergistically against cell walls of
fungi (Bentley et al. 2002; Shimosaka et al. 2000, 2001).
Previously, we have demonstrated the potential role of
hydrolytic enzymes (chitosanase, cellobiase, CMCase, etc.)
and its correlation with fungicidal activity in several
Anabaena strains (Prasanna et al. 2008). Also, chitosanase
homologues and microcystin-like compounds have been

identified in two promising strains, Anabaena laxa and
Anabaena iyengarii, which exhibit fungicidal activity
(Prasanna et al. 2010). In our recent investigation, we have
also characterized a putative antifungal chitosanase gene
(cho) belonging to the GH-3-like family in A. fertilissima
and have shown that the transcriptional level of cho
increased under high dark period (8:16 h L:D photoperiod)
(Gupta et al. 2010). In the present study, the other
environmental and nutritional conditions were optimized
for obtaining effective activity of the enzyme which was
then characterized for its specific properties.

Materials and methods

Organism and growth conditions

The axenized culture of Anabaena fertilissima strain RPAN1
was selected from the previous investigation (Gupta et al.
2010) for the current study. It was grown and maintained in
BG11 medium (Supplementary Table 1) (Stanier et al. 1971)
at 27±1°C under 8:16 h light:dark cycle. The intensity of
white light used was 50–55 μmol photons m−2 s−2.

The phytopathogenic fungus (Fusarium oxysporum)
used for evaluating antifungal activity was obtained from
the Indian Type Culture Collection, Division of Plant
Pathology, IARI, New Delhi. The fungal strain was grown
on Potato Dextrose Agar (PDA) Medium and maintained at
28±2°C for 3–4 days in a temperature controlled incubator.

Chitosanase and antifungal activities

Both chitosanase and antifungal activities were measured in
the culture filtrates of A. fertilissima under each treatment
condition (pH, temperature and P levels) independently as
per the method described previously (Gupta et al. 2010).
The protein content was calculated according to (Lowry et
al. 1951), using bovine serum albumin as the standard.

Effect of environmental/nutritional factors

An experiment was set up to study the effect of different
environmental/nutritional factors such as temperature, pH and
phosphorus (P) on the chitosanase/antifungal activity. 10%
inoculum of the 20- 25-day-old culture was used uniformly
for evaluating the effect of temperature (15–40°C), pH (4.0–
12.0) and P levels (43–344 μM). The K levels were
maintained by addition of KCl to provide equivalent
balancing counter ions in the BG-11 medium (Ray and
Bagchi 2001). The cultures grown under normal P concen-
tration (172 μM), pH (7.5) and temperature (27±1°C) were
treated as control for both molecular and biochemical
analyses.
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Expression profiling of chitosanase gene (cho)

DNA-free intact RNA (10 μg) from 28-day-old cultures
was isolated from each sample separately (Tri-reagent;
Sigma) and then subjected to cDNA synthesis using
Stratagene High fidelity 1st strand cDNA synthesis kit, as
per the manufacturer’s instruction. The expression level of
cho was evaluated by quantitative real-time RT-PCR (qRT-
PCR) according to the method described previously (Gupta
et al. 2010). The bacterial 16S rRNA gene was used as a
reference gene for qRT-PCR.

Purification and characterization of chitosanase

conditions. PCR amplification of the genomic DNA was
performed using cho specific primers ChoF1 5’-ATGC
CAGCATTGCAGAGAC-3’ and ChoR1 5’-TTAAAAA
CAACAAGCGATCGCC-3’ (Gupta et al. 2010) for
isolating the full-length chitosanase-encoding gene.
After sequence validation, the cho was cloned into the
pIVEX glutathione S-transferase (GST) fusion vector
(Roche) and the specific recombinant cho encoding
chitosanase was purified as per the methodology described
in our earlier investigation (Gupta et al. 2010). The
purified chitosanase was used for the detailed charac-
terization. Chitosanase activity of the purified chitosa-
nase was measured as per the method described
previously (Gupta et al. 2010). For the determination
of Km and kcat, the kinetic assays with 0.5-ml reaction
mixtures were set up containing eight different concen-
trations (0.02–0.8 mg ml−1) of chitosan in eight replicates
using the microtiter plate. The protein concentration and
reaction time was adjusted to obtain the similar hydrolysis
for all the samples. The liberation of reducing sugars was
measured and Km and kcat were calculated using the non-
linear least-square fitting procedure for the Michaelis–
Menten equation in Prism software (version 5.0 for
Windows; San Diego, CA, USA).

Substrate specificity and nature of the purified chitosanase

The purified chitosanase was incubated independently with
different derivatives of chitin (colloidal chitin and peptido-
glycan) and chitosan (glycol and colloidal chitosan) and the
chitosanase activity measured (Gupta et al. 2010). The exo/
endo nature of the purified chitosanase was evaluated by
measuring the chitosanase activity using different chitosan
oligosaccharides (GlcN)2–(GlcN)6 (Sigma Aldrich). The
relative activity of glycol chitosan was considered as a
reference.

HPLC profiling of the reaction product from the chitosan
oligosaccharide

The nature of the purified chitosanase was further con-
firmed by analyzing the degradation products of glycol
chitosan and several oligosaccharides (GlcN)2–(GlcN)6,
independently using high-performance liquid chromatogra-
phy (HPLC) as per the method described previously (Gupta
et al. 2010).

Effect of pH and temperature on the purified chitosanase

The effect of different pH on the activity and stability of
enzyme was evaluated by pre-incubating the enzyme in
buffers at different pH (4.0, 5.5, 6.5, 7.5, 9, 10, 12) and
various incubation times (0, 1, 5, 12 and 24 h) at room
temperature (25°C). McIlvaine buffer (pH 4.0–-8.0), Tris-
HCl buffer (pH 9.0–10.0), and 0.05 M Na2HPO4 plus 0.1M
NaOH buffer (pH 10.0–12.0) were used to create a range of
pH values in the reaction mixtures (Park et al. 1999). After
the incubation time, the chitosanase activity was measured
independently from each sample. The data is represented in
the terms of percentage of residual activity as a function of
pH values and application times, considering a 100%
activity for chitosanase at initial time (t=0).

The effect of temperature on the activity and stability
was measured by pre-incubating the enzyme in the
McIlvaine buffer (pH 7.5) at different temperatures (15–
50°C) and various incubation times (1–12 h). After the
incubation time, the chitosanase activity was measured. The
data is represented in the terms of percentage of residual
activity as a function of temperature values and application
times, considering a 100% activity for chitosanase at initial
time (t=0).

Effect of metal ions and compounds

The different metal ions (Ag+, Hg2+, Cu2+, Mn2+, Fe3+,
K+, Na+, Pb2+, Mg2+, Ba2+, Zn2+), compounds (β-
mercaptoethanol, dithiothreitol and glutathione) and sol-
vents (ethanol and acetone) were chosen to evaluate their
effect on the chitosanase activity. The 1-mM final
concentration of the respective metal ion and compound
was added to the reaction mixture and then the activity
was measured. The relative activity was expressed as
percentage ratio of the specific activity (U ml−1) of the
purified chitosanase with metals and compounds vis-a-vis
without metals and compounds.

Statistical analyses

All the data of chitosanase and antifungal activities was
recorded in triplicate. The ANOVA (analysis of variance)
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was performed using the MSTAT-C statistical package to
evaluate the significant difference among the means. Ratios
of relative cho expression were calculated using the method
of Pfaffl (2001). Statistical analyses to identify significant
differences from the control were performed using REST
software (Pfaffl et al. 2002).

Results

Measurement of chitosanase and antifungal activities
under environmental/nutritional factors

The measurement of chitosanase/antifungal activity in the
extracellular filtrates of A. fertilissima under different
conditions of pH, temperature and phosphorus (P) levels
was undertaken to optimize the condition leading to highest
activities. At 86 μM of P, enhancement of 10 and 5% was
recorded; while at 43 μM of P, an increase of 21 and 22
increase was observed in chitosanase and antifungal
activities, respectively, as compared to that of control. In
contrast, no significant change was observed under the
highest P levels (Supplementary Table 2).

The measurement of chitosanase and antifungal activities
at different pH values (4.0–12.0) under optimized P
concentration (43 μM) showed a significant increase of
24 and 10%, respectively at high pH (9.0) as compared to
that of control. Both the activities were drastically reduced
at pH values below control and above 9.0 (Supplementary
Table 2). The data recorded at different temperature regimes
under optimized P concentration (43 μM) and pH (9.0)
showed a decrease in chitosanase/antifungal activity at sub/
supra optimal temperatures. For instance, at 15°C,
decreases of 54 and 65 % in chitosanase/antifungal activity,
respectively, were observed as compared to control; while,
at 50°C, decreases in both activities of 76 and 82% were
recorded (Supplementary Table 2).

Expression profiling of cho under different environmental/
nutritional conditions

The results of biochemical characterization of the enzyme
were validated by measuring expression levels of cho under
similar environmental/nutritional conditions. The expres-
sion level was increased by 48 and 65% under low P
concentrations (i.e. 86 and 43 μM, respectively), while
under high P level (344 μM), a 5% down-regulation was
observed as compared to that of control (Fig. 1a). Further,
the expression profile measured at different pH values
under optimum P concentration (43 μM) showed a 25%
increase in the expression of cho at pH 9.0 as compared to
that of control. Down-regulation of cho was observed at pH
below control and above 9.0 (Fig. 1b). Additionally, the

data obtained at different temperature regimes under
optimum P concentration and pH revealed 20, 10, 15 and
40% down-regulation at temperatures 15, 20, 40 and 50°C,
respectively, as compared to control; while at 35°C, the
level was at par with control (Fig. 1c).

Kinetic characterization, substrate specificity and reaction
pattern of purified chitosanase

The recombinant chitosanase purified from chitosanase encod-
ing gene (cho) showed specific activity of 822 U mg-1. The

E
xp

re
ss

io
n 

fo
ld

 d
if

fe
re

nc
e

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

E
xp

re
ss

io
n 

fo
ld

 d
if

fe
re

nc
e

pH

4.5 5.5 6.5 9 10 12

-0.1
0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

Phosphorus concentration ( M)

43 86 344

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1
E

xp
re

ss
io

n 
fo

ld
 d

if
fe

re
nc

e

Temperature (ºC)

15 20 35 40 50

a

c

b

Fig. 1 Real-time expression profiles for cho from A. fertilissima
under different environmental/nutritional conditions. a Phosphorus
concentrations, b, c pH and temperature. Expression was compared to
that of the control (0 on the y axis) for each treatment condition (see
“Materials and methods”). Bars indicate the means of three technical
and three biological replicates. The differences in the means were
found to be statistically significant at a P value of <0.01 by using a
one-way ANOVA test
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kcat and Km values of the purified chitosanase were 965 s−1

and 0.89 mg ml−1 of chitosan, respectively. In order to
understand the substrate specificity, the chitosanase activity
was measured against different derivatives of chitin and
chitosan. Colloidal chitosan, CM-chitosan and colloidal chitin
showed 13, 70 and 95% decreases in chitosanase activities,
respectively, as compared to that of glycol chitosan (Table 1).
The relative activity measured with different glucosamine
oligomers (chitosan) showed no activity when chitobiose and
chitotriose was used as a substrate; however, with chitotetrose
and longer chitosan oligosaccharides, significant chitosanase
activity was detected (Table 1). The reaction products of
different glucosamine derivatives were also independently
analyzed through HPLC (Fig. 2). The HPLC profile of the
product obtained from chitotetrose and chitohexose revealed
the formation of two and three oligomers of GlcN2 (as
indicated by the single peak of GlcN2), respectively. The
chitobiose and triose showed a single peak of GlcN2 and
GlcN3 (Fig. 2). The reaction pattern of chitopentose was
similar with earlier investigation (data not shown) (Gupta et
al. 2010). The degradation product of chitosan was also
analyzed which indicated the formation of chitosan oligosac-
charides which were mainly longer than (GlcN)2 (data not
shown).

Effect of pH and temperature on purified chitosanase
activity

The residual activity of chitosanase measured at different
pH values (4.0–12.0) and time points (1–24 h) showed
highest increase of 19% at pH 7.5 during 1 h and it was

stable in the pH range from 5.5 to 9.0 during 12 h (Fig 3a).
However, the drastic drops in enzyme stability was
observed at high acidic pH (<5.5) and basic pH (>9.0). At
a pH value more than 9.0, chitosanase activity was
decreased by 39–53 % after 1 h.

The studies on the role of temperature on the activity of
purified chitosanase at different temperatures (15–50°C)
revealed highest residual chitosanase activity of 96% at
27°C. The enzyme retained its activity at pre-incubation
temperature of 30–40°C up to 12 h and at 50°C for 3 h.
After 3 h, at 50°C, loss of activity up to 81 and 86% was
observed in 6 h and 9 h, respectively (Fig. 3b).

Effect of various compounds and metal ions on chitosanase
activity

Chitosanase activity measured in response to different metal
ions showed that preincubation of the enzyme with Ag+, Fe3+

and Hg2+ resulted in strongly inhibition by 81, 86 and 88%,
respectively (Table 2). However, 25 and 20% higher
chitosanase activity was observed on addition of Cu2+ and
Zn2+, respectively. However, chitosanase activity was com-
pletely lost on addition of β-mercaptoethanol, dithiothreitol
and glutathione.

Discussion

Biological control of fungal plant pathogens represents an
attractive and effective measure in the integrated disease
management of crops. The role of enzymes such as
chitinases, chitosanases, and endoglucanases has been
widely explored for their potential as suitable options. In
this context, the biocontrol potential of cyanobacteria,
which are an important component of integrated nutrient
management practices in the rice-wheat cropping system,
can provide a useful approach. In our previous investiga-
tion, we identified a novel cho encoding antifungal
chitosanase from A. fertilissima and showed that the
transcriptional level of cho increased under the high dark
period (8:16 h L:D). The specific chitosanase encoding
protein was isolated and its functionality was confirmed by
HPLC using chitopentamer as a substrate (Gupta et al.
2010). In the current study, besides 8:16 h L:D, the effect of
other environmental/nutritional conditions (temperature, pH
and phosphorous concentration) on antifungal chitosanase
was evaluated in the same A. fertilissima strain. Further, the
enzyme was purified under the optimized conditions and its
specific properties such as kinetic parameters, substrate
specificity, endo/exo nature using different chitosan oligo-
saccharides other than chitopentamer, effect of temperature,
pH, metal ions and compounds were investigated. Chitosa-
nase/antifungal activity from the extracellular filtrates of

Table 1 Substrate specificity of the purified chitosanase from A.
fertilissima

Substrate Relative activity (%)a

Glycol chitosan 100±1.3

Colloidal chitosan 87±1.4

Carboxymethyl chitosan 30±1.7

Colloidal chitin 5±0.5

Peptidoglycan NDb

Chitosan oligosaccharides

Chitobiose ND

Chitotriose ND

Chitotetrose 21±0.5

Chitopentose 24±1.5

Chitohexose 27±0.7

Chitoheptose 29±1.1

Values presented are means (±SEM) of three independent replicates
a Relative activity was expressed as rates relative to the activity of
enzyme on glycol chitosan
bND not detectable
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culture grown under different environmental/nutritional
conditions showed an increase in both activities under P
limitation. Some researchers have reported that biocidal
activity is enhanced with a rise in P levels in the growth
media (Radhakrishnan et al. 2009; Ray and Bagchi 2001);

however, the production of toxins and allelochemicals in
cyanobacteria is known to be favored by a low level of P in
the medium, which also regulates the quality/type of toxin
produced (Oh et al. 2000). P being an essential element for
growth, its low level may lead to low carbon fixation rates. It

Fig. 2 HPLC-based profiles of
purified chitosanase using dif-
ferent chitosan oligosaccharides
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can be surmised that the increased production of such
allelochemicals/toxins/fungicidal enzymes may be providing
a protective role against predators under such conditions.

The measurement of chitosanase/antifungal activity at
different pH values under optimized P concentration
(43 μM) showed a significant increase at high pH values
(9.0). High pH may affect cellular enzyme function and
change the speciation of metals (McKnight et al. 2001).
Since enzyme activities are pH-dependent, changes in
extracellular pH are likely to affect intracellular pH and
hence enzyme structure in algae (Taraldsvik and Myklestad
2000). The enhanced chitosanase/antifungal activity ob-
served in A. fertilissima under high pH (9.0) may possibly
be attributable to an increase in the activities of other
enzymes regulating or linked to chitosanase production.
The possibility also exists that elevated pH may affect
metal speciation and reduce the bioavailability of iron
(Lundholm et al. 2004; McKnight et al. 2001), which may
in turn enhance chitosanase production.

Temperature exerts its effect in the natural environment
both directly by its stimulatory or inhibitory effects on toxin
production by individual cyanobacteria and indirectly by
creating an ecological advantage for the cyanobacteria.
Regarding the effects of most environmental variables,
temperature influences the cyanobacteria in different ways.

The optimal temperature for highest chitosanase/antifungal
activity was recorded at 27°C. Several studies have
revealed the highest toxin production in the cyanobacterial
cultures grown at 15–30°C. For instance, Rapala and
Sivonen (1998) found the highest anatoxin-a levels in the
cultures of Anabaena at temperatures within the range of
15–30°C. Castro et al. (2004) also showed the highest toxin
production in the cyanobacterium Cylindrospermopsis
raciborskiicultures maintained at the temperatures of 19
and 25°C. However, Radhakrishnan et al. (2009) recorded
the highest biocidal activity at temperature of 40°C. In our
study, the optimal temperature for chitosanase production in
A. fertilissima is 27°C. Low temperature generally related
with lower metabolic rates may restrict the release of
exogenous enzymes while the high temperatures may lead
to loss in cell viability or denaturation of proteins (Castro et
al. 2004). However, further investigation in this area is
required to understand the exact mechanism of regulation
of chitosanase activity by temperature. This finding was
validated by measuring the expression profile of cho under
the same environmental/nutritional conditions by quantita-
tive real-time RT-PCR (qRT-PCR). The transcription level
of cho was significantly increased under the same con-
ditions as evident from the biochemical analyses. Based on
biochemical and expression analyses, we can conclude that
chitosanase/antifungal activity increases under low P
(43 μM), pH (9.0) and temperature of 27°C.

The genomic DNA was isolated from the culture grown
under the optimized environmental/nutritional conditions
and chitosanase encoding gene (cho) amplified and se-
quenced for its validation. The recombinant cho specific
chitosanase was isolated and purified, and used for further
characterization. The specific activity (822 U mg−1) of the
purified chitosanase was comparatively higher than that of
previously reported other chitosanases (Ando et al. 2008;
Wang et al. 2008; Gao et al. 2008). The kcat and Km values
of the purified chitosanase were comparatively lower than
that of an antifungal chitosanase from Bacillus cereus (Gao
et al. 2008), but at par with that of chitosanase isolated from
Bacillus sp. strain KCTC 0377BP (Choi et al. 2004).

The purified chitosanase was incubated with different
substrates in order to understand the substrate specificity of
this enzyme. Among all the substrates used, the highest
activity of chitosanase was obtained against colloidal chito-
san, followed by glycol chitosan, which may be the specific
substrates for this purified chitosanase. The chitosanase
activity was also evaluated against different glucosamine
residues. But significant activity was only obtained with
chitotetrose and longer chitosan oligosaccharides. This indi-
cates the endo-type nature of the purified chitosanase. The
endo-type nature of the chitosanase was also validated by
HPLC (Eom and Lee 2003; Gao et al. 2009; Jung et al. 2006;
Yoon et al. 2002), which is the well-known method for

Table 2 Effect of different metal ions and compounds on chitosanase
activity

Metal ions and compounds Relative activity (%)a

None 100±1.4

Mn2+ 84±2.3

Cu2+ 125±1.8

Zn2+ 120±2.4

Fe2+ 83±1.1

Fe3+ 14±1.9

K+ 79±2.0

Na+ 87±3.1

Ag+ 19±1.7

Ca2+ 90±2.5

Hg2+ 12±0.6

Mg2+ 92±1.8

Co+2 82±2.4

β-mercaptoethanol NDb

Dithiothreitol ND

Glutathione ND

Acetone 88±2.9

Ethanol 84±3.1

Values presented are means (±SEM) of three replicates
a Relative activity was expressed as rates relative to the activity of
enzyme in the absence of any metal ion/ compound
bND not detectable
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revealing the exo/endo nature of the chitosanase, through
analyses of the glucosamine units produced during hydroly-
sis. Earlier, it has been suggested that the production of
monomer unit (GlcN) reflects the exo-type of enzyme and
dimer (GlcN)2 or more units producer is indicative of the
endo-type nature of the chitosanase (Choi et al. 2004; Eom
and Lee 2003; Gao et al. 2009; Jung et al. 2006; Li et al.
2008; Park et al. 1999; Yoon et al. 2002). Marcotte et al.
(1996) undertook X-ray analysis to reveal the endohydrolase
activity of an antifungal chitosanase from Streptomyces
N174, and postulated that Glu 22 acts as an acid and Asp
40 serves as a general base to activate a water molecule for
an SN2 attack on the glycosidic bond. Although our previous
investigation revealed no monomer unit when chitopentamer
was used as a substrate in the HPLC profile (Gupta et al.
2010), in the current study, the reaction products of other
chitosan oligosaccharides such as chitobiose, chitotiose,
chitotetrose and chitohexose along with chitosan were also
evaluated. The results showed that the reaction mechanism
of the purified chitosanase does not lead to the production of
monomer units with any of the substrates tried. This
confirms the endo-type nature of the enzyme, which is
similar to that of the antifungal chitosanase isolated from
Bacillus cereus D-11 (Gao et al. 2008) and other bacterial
and fungal chitosanases (Choi et al. 2004; Li et al. 2008;
Park et al. 1999). To the best of our knowledge, this is the
first endo-type chitosanase reported from cyanobacteria.

The data of chitosanase activity at different pH values
(4.0–12.0) and time points (1–24 h) indicated that the
optimum pH for isolated chitosanase was 7.5 and stable in
the pH range from 5.5 to 9.0 during 12 h. Previous
investigations revealed pH stabilities between 4.5 and 8 for
chitosanase from Aspergillus sp. (Chen et al. 2005), 3 and
10 from Bacillus sp. (Sakihama et al. 2004), 5 and 8 from
Pseudomonas sp. A-0 (Ando et al. 2008) and between 3
and 8 from Streptomyces sp. N17 (Shee et al. 2008). The
differences in pH range for chitosanase stability might be
explained on the basis of different composition in amino
acid sequence of chitosanase, besides the nature of source.
The optimal range of pH for the growth of most
cyanobacteria is in the neutral to alkaline range, which
validates the optimum pH for isolated chitosanase. The
drastic drop in enzyme stability observed at high acidic and
basic pH might be due to the pH denaturing effect on the
three-dimensional structure of the chitosanase protein.
More intramolecular repulsion at high acidic and basic pH
may also lead to the unfolding of the protein, resulting in
the loss of activity (Shee et al. 2008).

In order to evaluate the effect of temperature, the
chitosanase activity measured at different temperatures
(15–50°C) and time points (1–12 h) revealed optimum
temperature for the purified chitosanase was 27°C and the
activity was found to be stable up to 50°C and for 3 h.

Thermostability of this purified chitosanase was closer to
the other characterized chitosanases (Ando et al. 2008;
Xu-fen et al. 2007). The decrease in enzyme activity on
prolonged exposure to high temperatures in A. fertilissima
chitosanase may be due to denaturation of chitosanase
protein (Rivas et al. 2000).

In the current study, an interesting feature recorded was
that, under in vivo conditions, the maximum activity of
enzyme was observed at pH 7.5–9.0 and temperature 27°C;
however, under in vitro conditions, the enzyme was found
stable even at acidic pH (5.5) and temperature up to 50°C.
The presence of cofactors/molecular chaperones under in
vitro conditions may be responsible for the enhanced
stability of chitosanase at supra optimal conditions.

The chitosanase activity measured in response to
different metal ions revealed that it was strongly inhibited
by Ag+, Fe3+ and Hg2+ but stimulated by Cu+2 and Zn2+.
The dependence of the chitosanase activity on such metals
ions has been recorded in several bacteria such as
Matsuebacter chitosanotabidus, Bacillus sp. strain KCTC
0377BP, and Pseudomonas sp. A-01 etc (Ando et al. 2008;
Choi et al. 2004; Park et al. 1999). Moreover, inhibition of
chitosanase by Ag+, Fe3+ and Hg2+ also indicated that thiol
groups may be involved in the active catalytic site, which is
essential for maintaining the three-dimensional structure of
the active protein. This was further validated by evaluating
the effect of thiol group inhibitors (β-mercaptoethanol,
dithiothreitol and glutathione), and the results suggested
that chitosanase activity was completely lost, suggesting
again that sulfhydryl groups may be involved in the
catalytic center of the enzyme (Oh et al. 1999). However,
the chitosanase activity was significantly increased on
addition of Cu2+ and Zn2+, respectively. The exact
mechanism behind this is not known. but one of the
possible ways might be the interaction of both metal ions
across the two imidazole nitrogen atoms on a common
histidine residue of chitosanase. Copper might sit on the
floor of a deep cleft and the zinc be completely buried in
the protein. During catalysis, the copper is reduced with the
substrate O2

− to yield first O2 then (by reoxidation) H2O2.
Zn2+ in the protein is believed to increase the redox
potential, implying it may also have a role in catalysis.
Thus, in this way, both metal ions can increase the catalysis
rate of the enzyme.

In the present scenario, most of the available information
on chitosanases is related to their industrial applications.
The data of chitosanase/antifungal activity under different
environmental and nutritional factors suggested that A.
fertilissima can perform as a biocontrol agent in tropical
soils characterized by low P content (Oberson and Joner
2005). The maintenance of chitosanase activity over a wide
range of pH and temperature emphasizes the promise of this
organism under different soil ecologies. However, field
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level evaluation is required to confirm its potential as a
biocontrol agent.

Acknowledgements This study was supported by AMAAS Net-
work project on Microorganisms, granted by Indian Council of
Agricultural Research (ICAR), New Delhi. We thank the authorities
of the Division of Microbiology, IARI, New Delhi, for providing
necessary facilities for undertaking this study.

References

Adams DJ (2004) Fungal cell wall chitinases and glucanases.
Microbiology 150:2029–2035

Alfonso C, Martinej MZ, Reyes F (1992) Purification and properties
of two endo-chitosanases from Mucor rouxii implicated in its cell
wall degradation. FEMS Microbiol Lett 95:187–194

Ando A, Saito A, Arai S, Usuda S, Furuno M, Kaneko N, Shida O,
Nagata Y (2008) Molecular characterization of a novel family-46
chitosanase from Pseudomonas sp. A-01. Biosci Biotech Bio-
chem 72:2074–2081

Bentley SD, Chater KF, Cerdeno-Tarraga AM et al (2002) Complete
genome sequence of the model actinomycetes Streptomyces
coelicolor A3(2). Nature 417:141–147

Bueno A, Vazquez de Aldana CR, Correa J, Villa TG, del Rey F
(1990) Synthesis and secretion of aBacillus circulansWL-12 1,3-
1,4-β-D-glucanase in Escherichia coli. J Bacteriol 172:2160–
2167

Castro D, Vera D, Lagos N, Garcia C, Vasquez M (2004) The Effect
of temperature on growth and production of paralytic shellfish
poisoning toxins by the cyanobacterium Cylindrospermopsis
raciborskii C10. Toxicon 44:483–489

Chen X, Xia W, Yu X (2005) Purification and characterization of two
types of chitosanase from Aspergillus sp. CJ22-326. Food Res Int
38:315–322

Choi YJ, Kim EJ, Piao Z, Yun YC, Shin YC (2004) Purification and
characterization of chitosanase from Bacillus sp. strain KCTC
0377BP and its application for the production of chitosan
oligosaccharides. Appl Environ Microbiol 70:4522–4531

Dennhart N, Fukamizo T, Brzezinski R, Lacombe-Harvey ME, Letzel
T (2008) Oligosaccharide hydrolysis by chitosanase enzymes
monitored by real-time electrospray ionization-mass spectrome-
try. J Biotechnol 134:253–260

El-Mougy NS, Abdel-Kader MM, Alhabeb RS (2011) In vitro
antifungal activity of chitinolytic enzymes produced by bio-
agents against root rot pathogenic fungi. Arch Phytopathol Plant
Protect 44:613–622

Eom TK, Lee KM (2003) Characteristics of chitosanases from
Aspergillus fumigatus KB-1. Arch Pharm Res 26:1036–1041

Fukamizo T, Honda Y, Toyoda H, Ouchi S, Goto S (1996) Chitinous
component of the cell wall of Fusarium oxysporum, its structure
deduced from chitosanase digestion. Biosci Biotechnol Biochem
60:1705–1708

Ganiger MC, Bhat S, Chettri P, Kuruvinashetti MS (2009) Production
of endoglucanase by Trichoderma for control of phytopathogenic
fungus Sclerotium rolfsii. J Appl Sci Res 5:870–875

Gao XA, Ju WT, Jung WJ, Park RD (2008) Purification and
characterization of chitosanase from Bacillus cereus D-11.
Carbohydr Polym 72:513–520

Gao XA, Jung WJ, Kuk JH, Park RD (2009) Reaction pattern of
Bacillus cereus D-11 chitosanase on chitooligosaccharide alco-
hols. J Microbiol Biotechnol 19:358–361

Gupta V, Prasanna R, Natrajan C, Srivastava AK, Sharma J (2010)
Identification, characterization and regulation of a novel antifun-

gal chitosanase gene (cho) in Anabaena sp. Appl Environ
Microbiol 76:2769–2777

Gupta V, Natarajan C, Kumar K, Prasanna R (2011) Identification and
characterization of endoglucanases for fungicidal activity in
Anabaena laxa. J Appl Phycol 23:73–81

Huang CJ, Wang TK, Chung SC, Chen CY (2005) Identification of an
antifungal chitinase from a potential biocontrol agent, Bacillus
cereus 28–9. J Biochem Mol Biol 38:82–88

Ike M, Ko Y, Yokoyama K, Sumitani JI, Kawaguchi T, Ogasawara W,
Okada H, Morikawa Y (2007) Cellobiohydrolase I (Cel7A) from
Trichoderma reesei has chitosanase activity. J Mol Catal B-
Enzym 47:159–163

Johnsen MG, Hansen OC, Stougaard P (2010) Isolation, character-
ization and heterologous expression of a novel chitosanase from
Janthinobacterium sp. strain 4239. Microb Cell Fact 9:5

Jung WJ, Kuk JH, Kim KY, Jung KC, Park RD (2006) Purification
and characterization of exo-β-D-glucosaminidase from Aspergil-
lus fumigatus S-26. Prot Exp Pur 45:125–131

Kuroiwa T, Izuta H, Nabetani H, Nakajima M, Sato S, Mukataka S,
Ichikawa S (2009) Selective and stable production of physiolog-
ically active chitosan oligosaccharides using an enzymatic
membrane bioreactor. Process Biochem 44:283–287

Lee HS, Jang JS, Choi SK, Lee DW, Kim EJ, Jung HC, Pan JG (2007)
Identification and expression of GH-8 family chitosanases from
several Bacillus thuringiensis subspecies. FEMS Microbiol Lett
277:133–141

Li S, Chen L, Wang C, Xia W (2008) Expression, purification and
characterization of endo-type chitosanase of Aspergillus sp.
CJ22-326 from Escherichia coli. Carbohydr Res 343:3001–3004

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein
measurement with the Folin phenol reagent. J Biol Chem
193:265–275

LundholmN, Hansen PJ, Kotaki Y (2004) Effect of pH on the growth and
domoic acid production by potentially toxic diatoms of the genera
Pseudo-nitzschia and Nitzschia. Mar Ecol Prog Ser 273:1–15

Manjunath M, Prasanna R, Lata DP, Singh R, Kumar A, Jaggi S,
Kaushik BD (2010) Biocontrol potential of cyanobacterial
metabolites against damping off disease caused by Pythium
aphanidermatum in solanaceous vegetables. Arch Phytopathol
Plant Protect 43:666–677

Marcotte EM, Monzingo AF, Ernst SR, Brzezinski R, Robertus JD
(1996) X-ray structure of an anti-fungal chitosanase from
Streptomyces N174. Nat Struct Biol 3:155–162

Martin AR, Acosta R, Liddell S, Nuiez F, Benito MJ, Asensio MA
(2010) Characterization of the novel antifungal chitosanase
PgChP and the encoding gene fromPenicillium chrysogenum.
Appl Microbiol Biotechnol 88:519–528

Matsuda Y, Iida Y, Shinogi T, Kakutani K, Nonomura T, Toyodai H
(2001) In vitro suppression of mycelial growth of Fusarium
oxysporum by extracellular chitosanase of Sphingobacterium
multivorum and cloning of the chitosanase gene csnSM1. J Gen
Plant Pathol 67:318–324

McKnight DM, Kimball BA, Runkel RL (2001) pH dependence of
iron photoreduction in a rocky mountain stream affected by acid
mine drainage. Hydrol Process 15:1979–1992

Moon JS, Kim HK, Koo HC, Joo YS, Nam HM, Park YH, Kang MI
(2007) The antibacterial and immune stimulative effect of
chitosan-oligosaccharides against infection by Staphylococcus
aureus isolated from bovine mastitis. Appl Microbiol Biotechnol
75:989–998

Oberson A, Joner EJ (2005) In: Turner BL, Frossard E, Baldwin DS
(eds) Microbial turnover of phosphorus in soil, in Organic
phosphorus in the environment. CAB International, Wallingford,
pp 133–164

Oh KB, Hamada K, Saito M, Lee HJ (1999) Isolation and properties
of an extracellular β-glucosidase from a filamentous fungus,

Ann Microbiol (2012) 62:1089–1098 1097



Cladosporium resinae, isolated from kerosene. Biosci Biotechnol
Biochem 63:759–763

Oh HM, Lee SJ, Kim HS, Yoon BD (2000) Microcystin production by
Microcystis aeruginosa in a phosphorus-limited chemostat. Appl
Environ Microbiol 66:176–179

Park JK, Shimono K, Ochiai N, Shigeru K, Kurita M, Ohta Y, Tanaka
K, Matsuda H, Kawamukai M (1999) Purification, characteriza-
tion and gene analysis of a chitosanase (ChoA) from Matsue-
bacter chitosanotabidus 3001. J Bacteriol 181:6642–6649

Pfaffl MW (2001) A new mathematical model for relative quantifi-
cation in real-time RT-PCR. Nucleic Acids Res 29:e45

Pfaffl MW, Horgan GW, Dempfle L (2002) Relative expression
software tool (REST) for group-wise comparison and statistical
analysis of relative expression results in real-time PCR. Nucleic
Acids Res 30:e36

Popa-Nita S, Lucas JM, Ladaviere C, David L, Domard A (2009)
Mechanisms involved during the ultrasonically induced depoly-
merisation of chitosan: characterization and control. Biomacro-
molecules 10:1203–1211

Prasanna R, Lata N, Tripathi R, Gupta V, Middha S, Joshi M, Ancha
R, Kaushik BD (2008) Evaluation of fungicidal activity of
extracellular filtrates of cyanobacteria - possible role of hydro-
lytic enzymes. J Basic Microbiol 48:186–194

Prasanna R, Gupta V, Natarajan C, Chaudhary V (2010) Bioprospect-
ing for genes involved in the production of chitosanases and
microcystin-like compounds in Anabaena strains. World J
Microbiol Biotechnol 26:717–724

Quecine MC, Araujo WL, Marcon J, Gai CS, Azevedo JL, Pizzirani-
Kleiner AA (2008) Chitinolytic activity of endophytic Strepto-
myces and potential for biocontrol. Lett Appl Microbiol 47:486–
491

Radhakrishnan B, Prasanna R, Jaiswal P, Nayak S, Dureja P (2009)
Modulation of biocidal activity of Calothrix sp. and Anabaena
sp. by environmental factors. Biologia 64:881–889

Rapala J, Sivonen K (1998) Assessment of environmental conditions
that favour hepatotoxic and neurotoxic Anabaena spp. strains
cultures under light limitation at different temperatures. Microb
Ecol 36:181–192

Ray S, Bagchi SN (2001) Nutrients and pH regulate algicide
accumulation in cultures of cyanobacterium Oscillatoria laete-
virens. New Phytol 149:455–460

Rivas LA, Parro V, Moreno-Paz M, Mellado RP (2000) The Bacillus
subtilis 168 csn gene encodes a chitosanase with similar
properties to a Streptomyces enzyme. Microbiology 146:2929–
2936

Saito A, Takaaki O, Daisuke M, Hiroko F, Kanako T, Shin-Ya N,
Takeshi W, Yoshiho N, Akikazu A (2009) Molecular character-
ization and antifungal activity of a family 46 chitosanase from
Amycolatopsis sp. CsO-2. FEMS Microbiol Lett 293:79–84

Sakihama Y, Adachi W, Shimizu S, Sunami T, Fukazawa T, Suzuki M,
Yatsunami R, Nakamura S, Takenaka A (2004) Crystallization
and preliminary X-ray analyses of the active and the inactive
forms of family GH-8 chitosanase with subclass II specificity
from Bacillus sp. strain K17. Acta Cryst D 60:2081–2083

Shee FLT, Arul J, Brunet S, Bazinet L (2008) Effect of bipolar
membrane electrobasification on chitosanase activity during
chitosan hydrolysis. J Biotechnol 134:305–311

Shimosaka M, Kumehara M, Zhang XY, Nogawa M, Okazaki M
(1996) Cloning and characterization of a chitosanase gene from
the plant pathogenic fungus Fusarium solani. J Ferment Bioeng
82:426–431

Shimosaka M, Fukumori Y, Zhang XY, He NJ, Kodaira R, Okazaki M
(2000) Molecular cloning and characterization of a chitosanase
from the chitosanolytic bacterium Burkholderia gladioli strain
CHB101. Appl Microbiol Biotechnol 54:354–360

Shimosaka M, Fukumori Y, Narita T, Zhang XY, Kodaira R, Nogawa
M, Okazaki M (2001) The bacterium Burkholderia gladioli strain
CHB101 produces two different kinds of chitinases belonging to
families 18 and 19 of the glycosyl hydrolases. J Biosci Bioeng
91:103–105

Silva PG, Silva HJ (2007) Effect of mineral nutrients on cell growth
and self-flocculation of Tolypothrix tenuis for the production of a
biofertilizer. Bioresource Technol 98:607–611

Someya N, Nakajima M, Watanabe K, Hibi T, Akutsu K (2005)
Potential of Serratia marcescens strain B2 for biological control
of rice sheath blight. Biocont Sci Technol 15:105–109

Stanier RY, Kunisawa R, Mandal M, Cohen-Bazire G (1971)
Purification and properties of unicellular blue green algae (Order:
Chroococcales). Bacteriol Rev 35:171–305

Tanabe T, Morinaga K, Fukamizo T, Mitsutomi M (2003) Novel
chitosanase from Streptomyces griseusHUT 6037 with trans-
glycosylation activity. Biosci Biotechnol Biochem 67:354–364

Taraldsvik M, Myklestad SM (2000) The effect of pH on growth rate,
biochemical composition and extracellular carbohydrate produc-
tion of the marine diatom Skeletonema costatum. Eur J Phycol
35:189–194

Tonk L, Visser PM, Christiansen G, Dittmann E, Snelder EOFM,
Wiedner C, Mur LR, Huisman J (2005) The microcystin
composition of the cyanobacterium Planktothrix agardhii
changes toward a more toxic variant with increasing light
intensity. Appl Environ Microbiol 71:5177–5181

Wang SL, Peng JH, Liang TW, Liu KC (2008) Purification and
characterization of a chitosanase from Serratia marcescens
TKU011. Carbohydr Res 343:1316–1323

Weller DM (2007) Pseudomonas biocontrol agents of soilborne
pathogens: Looking back over 30 years. Phytopathology
97:250–256

Xu-fen Z, Ying Z, Jun-li F (2007) Analysis of both chitinase and
chitosanase produced by Sphingomonas sp. CJ-5. J Zhejiang
Univ Sci B 8:831–838

Yao YY, Shrestha KL, Wu YJ, Tasi HJ, Chen CC, Yang JM, Ando A,
Cheng CY, Li YK (2008) Structural simulation and protein
engineering to convert an endo-chitosanase to an exo-
chitosanase. Protein Engg Des Sel 21:561–566

Yoon HG, Lee KH, Kim HY, Kim HK, Shin DH, Hong BS, Cho HY
(2002) Gene cloning and biochemical analyses of thermostable
chitosanase (TCH-2) from Bacillus coagulans CK 108. Biosci
Biotechnol Biochem 66:986–995

1098 Ann Microbiol (2012) 62:1089–1098


	Purification and characterization of a novel antifungal endo-type chitosanase from Anabaena fertilissima
	Abstract
	Introduction
	Materials and methods
	Organism and growth conditions
	Chitosanase and antifungal activities
	Effect of environmental/nutritional factors
	Expression profiling of chitosanase gene (cho)
	Purification and characterization of chitosanase
	Substrate specificity and nature of the purified chitosanase
	HPLC profiling of the reaction product from the chitosan oligosaccharide
	Effect of pH and temperature on the purified chitosanase
	Effect of metal ions and compounds
	Statistical analyses

	Results
	Measurement of chitosanase and antifungal activities under environmental/nutritional factors
	Expression profiling of cho under different environmental/nutritional conditions
	Kinetic characterization, substrate specificity and reaction pattern of purified chitosanase
	Effect of pH and temperature on purified chitosanase activity
	Effect of various compounds and metal ions on chitosanase activity

	Discussion
	References


