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For the enzymatic production of chitosan oligosaccharides from chitosan, a chitosanase-producing bacte-
rium, Bacillus sp. strain KCTC 0377BP, was isolated from soil. The bacterium constitutively produced chi-
tosanase in a culture medium without chitosan as an inducer. The production of chitosanase was increased
from 1.2 U/ml in a minimal chitosan medium to 100 U/ml by optimizing the culture conditions. The chitosanase
was purified from a culture supernatant by using CM-Toyopearl column chromatography and a Superose
12HR column for fast-performance liquid chromatography and was characterized according to its enzyme
properties. The molecular mass of the enzyme was estimated to be 45 kDa by means of sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. The enzyme demonstrated bifunctional chitosanase-glucanase ac-
tivities, although it showed very low glucanase activity, with less than 3% of the chitosanase activity. Activity
of the enzyme increased with an increase of the degrees of deacetylation (DDA) of the chitosan substrate.
However, the enzyme still retained 72% of its relative activity toward the 39% DDA of chitosan, compared with
the activity of the 94% DDA of chitosan. The enzyme produced chitosan oligosaccharides from chitosan,
ranging mainly from chitotriose to chitooctaose. By controlling the reaction time and by monitoring the
reaction products with gel filtration high-performance liquid chromatography, chitosan oligosaccharides with
a desired oligosaccharide content and composition were obtained. In addition, the enzyme was efficiently used
for the production of low-molecular-weight chitosan and highly acetylated chitosan oligosaccharides. A gene
(csn45) encoding chitosanase was cloned, sequenced, and compared with other functionally related genes. The
deduced amino acid sequence of csn45 was dissimilar to those of the classical chitosanase belonging to
glycoside hydrolase family 46 but was similar to glucanases classified with glycoside hydrolase family 8.

Chitosan is currently obtained by the deacetylation of chitin
(poly-�-1,4-D-N-acetylglucosamine) that has been extracted
from an abundant source of shrimp or crab shells. Deacety-
lated chitosans are produced by treating chitin in a concen-
trated alkaline solution (50%, wt/vol) and boiling it for several
hours (34). Chitosan is also found in nature; it is found in the
cell walls of fungi of the class Zygomycetes, in the chloro-
phycean algae Chlorella sp. (26), and in insect cuticles (2).
These natural chitosans are synthesized by the tandem action
of chitin synthetase and chitin deacetylase, as shown for Mucor
rouxii and Colletotrichum lindemuthianum (9). Both chemical
and enzymatic procedures for chitosan production result in the
incomplete deacetylation of chitin, which yields chitosans in
the intermediate range of the degree of deacetylation (DDA).
Consequently, chitosan can be considered as a partly deacety-
lated derivative of chitin; it must have diverse structures con-
taining hetero-linkages of N-acetylglucosamine (GlcNAc)-glu-
cosamine (GlcN) and GlcN-GlcNAc, as well as homo-linkages
of GlcNAc-GlcNAc and GlcN-GlcN.

In spite of their abundance in nature, the commercial utili-
zation of chitin and chitosan has remained undeveloped for a
long time (3). The insolubility of chitin in common solvents

limits the utilization of chitin as a natural resource. Many
derivatives have been synthesized from chitin to evaluate their
usefulness (21, 46). Chitosan has advantages over chitin be-
cause of its high solubility in acidic solutions and its polyca-
tionic nature. In the last two decades, applications of chitosan
have been developed in many industries; chitosan has emerged
as a new biomaterial for food, pharmaceutical, textile, and
other industries, as well as for wastewater treatment (3, 15, 19).
Recently, chitosan oligosaccharides have received growing at-
tention because they perform a variety of biological activities,
such as inhibiting the growth of bacteria and fungi (13, 17, 44,
47), exerting antitumor activity (41, 45), acting as immunopo-
tentiating effectors (42, 43), and eliciting pathogenesis-related
proteins in higher plants (16). Chain length and DDA are
considered the most important factors influencing the biolog-
ical activities of chitosan oligosaccharides. Chitosan oligosac-
charides of longer than a hexamer in chain length perform
more potent antimicrobial, antitumor, and immunopotentiat-
ing activities than shorter oligosaccharides, even though
shorter oligosaccharides also perform activities of significance
(25). An increase in the DDA of chitosan oligosaccharides
enhances antimicrobial and anticholesterolemic activities.
Therefore, strict control of both the chain length and the DDA
is a prerequisite for the production of valuable chitosan oligo-
saccharides.

Chemical and enzymatic processes have been used in various
industries to produce chitosan oligosaccharides. Acid hydroly-

* Corresponding author. Mailing address: Department of Microbi-
ology, Gyeongsang National University, Gazwa-dong 900, Jinju 660-
701, Korea. Phone: 82-55-751-5943. Fax: 82-55-759-5199. E-mail:
ycshin@nongae.gsnu.ac.kr.

4522



sis produces a large amount of short-chain oligosaccharides,
including a monomeric unit which requires an additional pro-
cess for the fractionation of longer oligosaccharides, resulting
in low yields of oligosaccharides (6, 35). Alternatively, an en-
zymatic process to produce oligosaccharides by using chitosa-
nases has been tried (14). Chitosanases have been found in
abundance in a variety of microorganisms, including bacteria
(24, 31, 32, 48) and fungi (1, 38). Because most of these chi-
tosanases hydrolyze chitosan by an endo-type cleavage, these
enzymes produce oligosaccharides ranging from dimer to oc-
tamer of GlcN in their compositions.

To obtain a novel chitosanase that can be used for large-
scale production of chitosan oligosaccharides, many bacterial
isolates with chitosanase activities have been screened. Among
these bacteria, a bacterial strain with high chitosanase activity,
Bacillus sp. strain KCTC 0377BP, was isolated. This bacterium
constitutively produced chitosanase at the highest level in a
culture medium. This paper describes the purification and
characterization of a chitosanase from Bacillus sp. strain
KCTC 0377BP and the applications of the enzyme for chitosan
oligosaccharide production.

MATERIALS AND METHODS

Materials. Chitin, chitosan, and glycol chitin were purchased from Sigma-
Aldrich Co. (St. Louis, Mo.). Colloidal chitosan was prepared by using the
methods of Roberts (34). Partially deacetylated chitosan (39 to 94% DDA) was
prepared by using the methods of Yabuki et al. (48). A chitosan oligomer
standard series, from chitobiose to chitoheptaose, and its monomer D-glu-
cosamine-HCl were purchased from Wako (Osaka, Japan) and Sigma-Aldrich
Co., respectively. Shodex standard P-82 (pullulan; molecular masses of 48.0, 23.7,
12.2, and 5.8 kDa), used for molecular weight measurements of the low-molec-
ular-weight (LMW) chitosan, were purchased from Showa Denko (Tokyo, Ja-
pan). All other reagents were of the highest grade available.

Preparation of chitosan substrate. Chitosan substrate (10 mg/ml) was pre-
pared by suspending 10 g of powder chitosan in 400 ml of distilled water; it was
dissolved while being stirred with an addition of 90 ml of 1 M acetic acid. The
solution was made with up to 1 liter of water, and the pH was adjusted to 5.0 by
using 1 M sodium acetate. This chitosan substrate contained a 100 mM concen-
tration of sodium acetate and was used only for the chitosanase assay. The high
amount of sodium salt contained by this chitosan substrate interfered with
high-performance liquid chromatography (HPLC) and thin-layer chromatogra-
phy (TLC). Therefore, the chitosan substrate for the production of chitosan
oligosaccharides and LMW chitosan was prepared as follows: 10 g of chitosan
powder was suspended in 400 ml of distilled water and dissolved while being
stirred in 5 ml of concentrated HCl. This solution was made with up to 1 liter of
water, and the pH was adjusted to 5.0 by using 1 N NaOH.

Screening of chitosanase-producing bacteria and culture conditions. The soil
samples were suspended in sterilized distilled water and spread onto minimal salt
(MS)-chitosan agar plates containing 0.5% (wt/vol) colloidal chitosan with MS
medium (0.5% yeast extract, 0.2% K2HPO4, 0.1% KH2PO4, 0.07% MgSO4 ·
7H2O, 0.05% NaCl, 0.05% KCl, 0.01% CaCl2, 1.3% Bacto Agar [pH 6.8]) and
incubated at 30°C for 7 days. After that, halo-forming strains on the MS-chitosan
plates were selected as chitosanase producers, and these strains were cultivated
in an MS-chitosan broth at 30°C for 5 days on a rotary shaker at 180 rpm. At
1-day intervals, aliquots were removed from the culture broths, and after cen-
trifugation (6,000 � g, 10 min), the supernatants were used for the chitosanase
assay and end product analysis of the chitosanase reactions. By means of this
screening method, a bacterial strain, no. 44 (see Results), was selected for its high
chitosanase activity and high production of long-chained chitosan oligosaccha-
rides. The morphological characteristics of the isolate strain were determined by
using Bergey’s Manual of Systematic Bacteriology (40), and the physiological char-
acteristics were examined by using the Vitek system and the API 50CHB system
(Biomérieux, Inc., St. Louis, Mo.).

Optimization of the chitosanase production. For the commercial production
of chitosanase from Bacillus sp. strain KCTC 0377BP, the fermentation condi-
tions in culture medium were optimized. The bacterium was cultivated in 500-ml
Erlenmeyer flasks, each containing 100 ml of medium, at temperature ranges of

25 to 37°C and pH ranges of 4.0 to 7.0; afterwards, the levels of chitosanase
produced by the bacterium were compared. After selecting the optimum tem-
perature and pH, various carbon sources (glycerol, glucose, glucosamine, su-
crose, soluble starch, and chitosan) and nitrogen sources (yeast extract, polypep-
tone, peptone, tryptone, NH4Cl, (NH4)2SO4, and corn steep liquor) were tested
for maximum chitosanase production. A pilot-scale production of chitosanase
was carried out with a 500-liter fermentor (KF-500 L; KoBiotech, Incheon, South
Korea) with a working volume of 300 liters.

Purification of chitosanase. Bacillus sp. strain KCTC 0377BP was cultivated in
an MS-soluble starch broth containing 2% soluble starch as a carbon source at
30°C for 3 days on a rotary shaker at 180 rpm. After centrifugation of the culture
broth (2 liters) at 6,000 � g for 10 min, the supernatant solution was placed into
dialysis tubes. Polyethylene glycol (PEG; average molecular mass, 6,000 Da)
powder was scattered around the dialysis tubes, and the PEG-treated dialysis
tubes were maintained at 4°C until the tubes had shrunken to 1/10 of their
original volumes. The enzyme solution concentrated by PEG was dialyzed
against a 10 mM sodium acetate buffer (pH 5.0) and then loaded onto a CM-
Toyopearl 650 M column (2.4 by 5 cm; Tosoh, Tokyo, Japan) equilibrated with
the same buffer. After the column was washed with the equilibration buffer, the
chitosanase was eluted with a 0 to 0.5 M linear gradient of NaCl. The chitosanase
fractions were concentrated and diafiltrated by means of ultrafiltration (molec-
ular cutoff, 10 kDa; Millipore, Bedford, Mass.) with a 100 mM sodium phosphate
buffer containing 100 mM KCl (pH 5.0). After that, the enzyme was subjected to
gel permeation fast-performance liquid chromatography (FPLC) by using a Su-
perose 12HR column (1 by 30 cm; Pharmacia LKB, Uppsala, Sweden) equili-
brated with the same diafiltration buffer.

Enzyme assay. Chitosanase activity was determined by measuring the reducing
sugars produced from chitosan. Three hundred microliters of the enzyme was
mixed with 300 �l of chitosan substrate, and the reaction mixture was incubated
for 10 min at 50°C. In order to stop the reaction and remove the undigested
chitosan, 10 �l of 10 N NaOH was added to the reaction mixture, and the mixture
was centrifuged at 12,000 � g for 5 min. The reducing sugars in the supernatant
were measured by using a dinitrosalicylic acid method (27) with D-glucosamine as
the calibration standard. One unit of chitosanase was defined as the amount of
enzyme that liberated 1 �mol of D-glucosamine per min under the conditions
described above.

SDS-PAGE and activity staining of chitosanase. Sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) was carried out by using the
method of Laemmli (22). After SDS-PAGE, proteins were stained with 0.05%
Coomassie brilliant blue R-250. For activity staining, the removal of SDS from
the gel and the renaturation of the chitosanase were carried out by incubating the
gel in a 100 mM sodium acetate buffer (pH 5.0) containing 1% Triton X-100 for
24 h. After several washings with a 10 mM sodium acetate buffer (pH 5.0), 2.5%
agarose gel containing 0.2 mg of chitosan/ml in a 10 mM sodium acetate buffer
(pH 5.0) was laid onto the gel and incubated for 1 h at 50°C. The chitosanase
band was visualized by staining the agarose gel with 0.1% Congo red.

Determination of protein and N-terminal amino acid sequence. Protein con-
centration was determined by using the method of Bradford (7) with bovine
serum albumin as the calibration standard. The purified chitosanase was sepa-
rated by SDS-PAGE and transferred onto a polyvinylidene difluoride membrane
(Schleicher & Schuell) by means of electroblotting. The blotted protein band was
cut out from the membrane and subjected to N-terminal amino acid sequence
analysis on an Applied Biosystems model 491 automatic protein sequencer.

Analysis of chitosan oligosaccharides. Chitosan oligosaccharides were quali-
tatively analyzed by means of TLC by using a silica gel plate (Kieselgel 60 F254;
Merck). After the chitosan oligosaccharides were developed with a solvent sys-
tem of n-propanol–30% ammonia water (2:1, vol/vol), sugar spots on the plates
were visualized by spraying 0.1% ninhydrin into n-butanol-saturated water and
by baking them in an oven at 110°C for 10 min. For the quantitative analysis of
chitosan oligosaccharides, HPLC analysis was carried out with an Amide NH2-80
column (0.46 by 25 cm; Showa Denko). The reaction products were eluted with
a solvent of acetonitrile and 250 mM phosphoric acid water (60:40, vol/vol) at a
flow rate of 0.8 ml/min and detected with a refractive index detector. By using
authentic D-glucosamine and chitosan oligosaccharides from dimer to heptamer
as standards, the amounts of chitosan oligosaccharides in the reaction products
were calculated from peak areas.

The average molecular weight (Mav) of the chitosan hydrolysates was esti-
mated by gel permeation HPLC with an Ultrahydrogel 120 column (0.78 by 30
cm; molecular weight, 100 to about 5,000; Waters) and an Ultrahydrogel 250
column (0.78 by 30 cm; molecular weight, 5,000 to about 50,000). Chitosan
hydrolysates were eluted with a solvent of 1 M NaCl in 0.2% acetic acid at flow
rate of 0.3 ml/min and then detected with a refractive index detector. The Mav of
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the chitosan hydrolysates was calculated by using pullulans as molecular weight
standards.

Cloning of the chitosanase gene. Chromosomal DNA of Bacillus sp. strain
KCTC 0377BP was isolated according to the procedure of Sambrook and Russell
(37), partially digested with Sau3AI, and separated on a 0.7% agarose gel. The
DNA fragments in the range of 3 to 7 kb were excised from the gel and purified
with a QIAGEN (Chatsworth, Calif.) kit. The DNA fragments were ligated with
the dephosphorylated BamHI-digested pUC19, and the ligate was used for the
transformation of Escherichia coli DH5� with electroporation. E. coli transfor-
mants were cultivated on MacConkey agar plates containing 50 �g of ampicil-
lin/ml at 37°C. White colonies, carrying pUC19 with a DNA insert, were tooth-
picked onto Luria-Bertani agar plates containing 50 �g of ampicillin/ml and
incubated for 2 days at 37°C. After that, the agar plates were overlaid with a
chitosan-agarose solution containing 1 mg of chitosan/ml and 0.5% agarose in 50
mM sodium acetate (pH 5.0) and incubated for 1 more day. Chitosanase-pro-
ducing transformants, showing clear halos around the colonies, were selected by
staining with 0.1% Congo red.

Nucleotide sequence analysis. Restriction fragments of the chitosanase gene
were subcloned into pUC19 and used for a sequencing reaction with a BigDye
sequencing kit (PE Applied Biosystems, Foster City, Calif.) according to the
instructions of the manufacturer. The sequencing reactions were analyzed on an
Applied Biosystems model 310 automated DNA sequencer. The nucleotide
sequence data were analyzed with Lasergene software (DNASTAR, Inc., Mad-
ison, Wis.). Similarity searches in GenBank were carried out by using a BLAST
program.

Nucleotide sequence accession number. The nucleotide sequence data have
been deposited in GenBank under accession number AF334682.

RESULTS

Isolation of chitosanase-producing bacterium. More than
500 bacterial strains, which each formed a clear halo on MS-
chitosan plates, were isolated as chitosanase producers.
Among these bacteria, strain no. 44 was ultimately selected as
a chitosanase producer because it showed the highest chitosa-
nase activity and the extracellular chitosanase of this bacterium
efficiently produced chitosan oligosaccharides ranging from tri-
mer to octamer, which are known for having strong immuno-
potentiating activity. The taxonomic identification was based
on the following criteria: the organism was gram positive; it
was rod shaped (diameter, larger than 1.0 �m) without flagella;
it showed spore formation; it was motile, aerobic, catalase
positive, negative by Voges-Proskauer test, positive for reduc-
tion of nitrate, indole production negative, gelatine liquefac-
tion negative, starch hydrolysis positive, and casein hydrolysis
positive; it utilized D-glucose, N-acetylglucosamine, and treha-
lose, but it did not utilize sucrose, galactose, raffinose, manni-
tol, maltose, or inositol. It resembles Bacillus megaterium in
morphological and biochemical characteristics, but it has some
different characteristics from B. megaterium. The strain was
tentatively designated as belonging to Bacillus sp., deposited in
the Korean Culture Type Collection, and named Bacillus sp.
strain KCTC 0377BP.

Production of chitosanase. When Bacillus sp. strain KCTC
0377BP was cultivated in an MS-chitosan broth (0.5% chi-
tosan) under various temperatures and pH conditions, it
showed maximum enzyme production, with chitosanase pro-
duction of 1.2 U/ml at a temperature of 30°C and a pH of 6.8.
However, production of chitosanase increased to a maximum
of 4.0 U/ml when chitosan was replaced with 0.5% of soluble
starch as a carbon source. When various concentrations of
soluble starch from 0.5 to 5% were used in the fermentation
medium, the chitosanase activity increased to a maximum of
13.4 U/ml at a 2% concentration, but concentrations higher
than 2% of soluble starch repressed chitosanase production.

Among the nitrogen sources (0.5%) studied, polypeptone
proved to be the best (14.5 U/ml). Chitosanase activity was
further increased to a maximum of 45.8 U/ml by using 2.5% of
polypeptone. In flask cultivations, the production of chitosa-
nase was increased 38-fold by the optimization both of carbon
and nitrogen sources and of culture conditions.

The fermentation conditions optimized in flask cultivation
were applied to a pilot-scale production of chitosanase. When
Bacillus sp. strain KCTC 0377BP was cultivated in a 500-liter
fermentor at 100 rpm of agitation at an air supply rate of 1
vol/vol/min with 0.005% silicon oil, the chitosanase activity and
cell growth reached approximately 100 U/ml and an absor-
bance at 600 nm of 100, respectively. Ultimately, the chitosa-
nase activity was increased 83-fold by the optimization of the
culture medium and the culture conditions.

Purification of chitosanase. Because Bacillus sp. strain
KCTC 0377BP produced chitosanase constitutively, the bacte-
rium was cultivated in an MS broth containing 2% soluble
starch as a carbon source. After cultivation, the chitosanase
was concentrated with PEG from supernatant and purified
with CM-Toyopearl 650 M column chromatography and a Su-
perose 12HR column FPLC. The purification steps are sum-
marized in Table 1. The purified enzyme had a specific activity
of 1,700 U/mg and showed a single chitosanase band with a
molecular mass of 45,000 Da (Fig. 1).

Commercial purification processes are somewhat different
from the small-scale process described above. In brief, the
culture supernatant was separated by continuous centrifuga-
tion and was concentrated by ultrafiltration (molecular cutoff,
10 kDa). The concentrated culture supernatant was further
purified by CM-Sepharose CL-6B column chromatography
and then powdered by means of lyophilization. The specific
activity and recovery yield of the final lyophilized enzyme were
1,000 U/mg and 68.0%, respectively.

Substrate specificity of chitosanase. The chitosanase
showed the highest activity for soluble chitosan among the
substrates tested, such as chitosan oligosaccharides, colloidal
chitin, carboxymethyl cellulose (CMC), and peptidoglycan
(Table 2). The enzyme could not hydrolyze chitobiose or chi-
totriose at all, but it hydrolyzed chitotetraose and longer chi-
tosan oligosaccharides. This means that the chitosanase re-
quires at least four glucosamine residues for catalytic activity.
Even after a prolonged overnight reaction of the enzyme, it
could not hydrolyze a hexamer of GlcNAc, crystalline chitin,
Avicel PH-101 (Fluka, Buchs, Switzerland), and peptidoglycan,
but it hydrolyzed colloidal chitin and CMC by 2.8 and 2.5%,
respectively, of the activity for soluble chitosan. Resistance of
(GlcNAc)6 to the enzyme action indicated that the enzyme has
no chitinase activity which cleaves the �-1,4 linkage of Glc-

TABLE 1. Summary of the purification steps of chitosanase from
Bacillus sp. strain KCTC 0377BP

Purification step
Total

protein
(mg)

Total
activity

(U)
Sp act
(U/mg)

Purification
factor

Yield
(%)

Culture supernatant 162 11,700 72 1 100
PEG concentration 82 10,500 130 2 90
CM-Toyopearl 650 M 7.5 8,500 1,100 15 73
Superose 12HR FPLC 3.1 5,400 1,700 24 46
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NAc-GlcNAc. The little activity of the colloidal chitin could be
explained by the manner in which the enzyme cleaved �-1,4
linkages of GlcN-GlcN, GlcN-GlcNAc, and GlcNAc-GlcN,
which occur in colloidal chitin, in general, with about a 10%
DDA. Interestingly, although the relative activity was less than
3% of the activity for chitosan, the chitosanase showed car-
boxymethyl cellulase (CMCase) activity. This low CMCase ac-
tivity of the chitosanase was also confirmed in the recombinant
E. coli strain harboring the chitosanase gene (data not shown).
Chitosanases with CMCase activity have been found in Myx-
obacter strain AL-1, B. megaterium P1, and Bacillus cereus S1
(20, 32, 33). In Myxobacter strain AL-1 and B. cereus S1, chi-
tosanase and CMCase activities were of comparable rates
(20% of the activity for chitosan). However, 43-kDa chitosa-
nase of B. megaterium P1 possessed very low CMCase activity
(0.4% of the activity for chitosan).

As described earlier, chitosans have chemical diversity in
their DDA. Such diversity of chitosan can influence their sus-
ceptibility to chitosanase. When the relative activities of chi-
tosanase for chitosans with various DDA were examined, chi-
tosanase activities were found to have increased with the
increase in DDA of chitosan (data not shown). However, the
chitosanase still retained high activities against chitosans with
a low DDA. When chitosan with a 39% DDA was used, the
enzyme showed 72% of the activity for the chitosan (DDA,
94%). This result suggested that GlcNAc residue, occurring in
GlcNAc-GlcN or GlcN-GlcNAc linkages in chitosan, does not
greatly decrease the hydrolytic activity of the enzyme even
though the enzyme has no activity in regard to GlcNAc-Glc-
NAc linkage.

Reaction pattern of the chitosanase. The reaction products
of the chitosanase were examined by using soluble chitosan
and several chitosan oligosaccharides as the substrates. A TLC
analysis revealed that the chitosanase had liberated chitosan
oligosaccharides from chitosan, mainly longer than (GlcN)2, by
means of endo-type cleavage. The enzyme could not hydrolyze
(GlcN)2 (data not shown) or (GlcN)3 at all. (GlcN)4 and
(GlcN)5 were resistant to the enzyme action, as shown in Fig.
2. Even after 15 h of incubation of these oligosaccharides, only
a fraction of the original (GlcN)4 and (GlcN)5 were hydrolyzed
into mainly (GlcN)2 plus (GlcN)2 and (GlcN)3 plus (GlcN)2,
respectively. However, chitosan oligosaccharides (GlcN)6 and
(GlcN)7 were completely hydrolyzed after 15 h of incubation.
These results suggest that for a fast reaction, chitosan sub-
strates should have a chain length equal to or longer than that
of (GlcN)6. Figure 2 indicates that (GlcN)6 was cleaved mainly
into (GlcN)3 plus (GlcN)3 and to a lesser extent into (GlcN)2

plus (GlcN)4 [subsequently, (GlcN)43(GlcN)2 � (GlcN)2]; it
also indicates that (GlcN)7 was cleaved into (GlcN)3 plus
(GlcN)4 [subsequently, (GlcN)43(GlcN)2 � (GlcN)2]. From
the cleavage patterns of the chitosan oligosaccharides, it was

FIG. 1. SDS-PAGE of purified chitosanase of Bacillus sp. strain KCTC 0377BP. (a) Coomassie brilliant blue R-250 staining. (b) Activity
staining. Lanes: S, standard marker proteins; 1, culture supernatant solution; 2, CM-Toyopearl 650 M column chromatography; 3, Superose 12HR
column FPLC.

TABLE 2. Substrate specificity of the chitosanase from Bacillus sp.
strain KCTC 0377BP

Substrate Relative
activity (%)a

Chitosan oligosaccharides
Chitobiose ............................................................................. ND
Chitotriose............................................................................. ND
Chitotetraose......................................................................... 15.0
Chitopentaose ....................................................................... 16.8
Chitohexaose......................................................................... 20.0
Chitoheptaose ....................................................................... 23.8

Soluble chitosan ....................................................................... 100.0
Colloidal chitin ......................................................................... 2.8
CMC .......................................................................................... 2.5
Peptidoglycan............................................................................ ND
Soluble starch ........................................................................... ND

a A total of 0.5% (wt/vol) of substrates were used for chitosanase assay.
Relative activity was expressed as rates relative to the activity of enzyme on
soluble chitosan. ND, not detectable.
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suggested that the substrate-binding cleft of the chitosanase
accommodated at least six GlcN residues for the superior hy-
drolysis and that cleavage of the glycosidic linkage occurs pref-
erably at the center of the bound hexameric unit, yielding
(GlcN)3 as a main product. The fact that the chitosanase
showed higher activity toward chitosan than that of the short-
chained oligosaccharides implied that the extra bindings of
chitosan, other than six GlcN residues bound to the cleft, can
enhance the hydrolysis rate of the enzyme for chitosan.

Kinetic characterization. The double reciprocal plot of ini-
tial velocity versus the soluble chitosan concentration deviated
from linearity at a substrate concentration higher than 2.5 mg
of chitosan/ml. From the extrapolation of initial velocities at
the concentrations of chitosan from 2.0 to 0.2 mg/ml, kcat and
Km values were estimated to be 1,600 s�1 and 1.1 mg of chi-
tosan/ml, respectively.

Effects of temperature and pH. After incubation at 40 and
45°C for 24 h, the purified chitosanase retained almost its full
activity. However, it became inactive at temperatures above
50°C. The half-lives of the chitosanase at 50, 55, and 60°C were
5 h, 10 min, and 5 min, respectively. When the enzyme activ-
ities were measured under standard assay conditions (pH 5.0,
10 min) except for temperature, the maximum activity was
observed at 60°C. The enzyme was fairly stable in a pH range
of 4.0 to 8.0, but it was completely inactive at pH 2.0 within 1 h.
The optimum activity of the enzyme was found in a pH range
of 4.0 to 6.0. The enzyme can be classified as an acidic enzyme
with a moderate thermostability.

Effect of metal ions and other reagents on chitosanase ac-
tivity. Chitosanase activity was assayed after the addition of
metal ion Mg2�, Cu2�, Ca2�, Zn2�, Mn2�, Ba2�, Fe2�, Hg2�,
Co2�, or Ag� to the reaction mixtures at a final concentration
of 1 mM. The metal ions Hg2� and Mn2� inhibited chitosanase
activity by 68 and 69%, respectively. However, the other metal
ions did not significantly affect the enzyme activity. Chitosa-
nase inhibition by Hg2� is a general characteristic of the chi-

tosanase group, but inhibition by Mn2� was a peculiar charac-
teristic, because other chitosanases that were reported on were
not inhibited by this metal ion. Chitosanase activity dropped to
around 50% with the addition of 0.4 M KCl or 0.4 M NaCl.

The N-terminal amino acid sequence. The N-terminal 20-
amino-acid sequence was determined to be A-A-K-E-M-K-P-
F-P-Q-Q-V-N-Y-A-G-V-I-K-P. This sequence was 90% iden-
tical to the N-terminal sequence of an acidic endocellulase of
Bacillus sp. strain KSM-330 (30). However, our chitosanase
sequence had no similarity to the N-terminal sequences of
other known chitosanases belonging to glycoside hydrolase
family 46.

Production of chitosan oligosaccharides. Chitosan hydroly-
sis with the enzyme was influenced by the DDA, the viscosity,
the concentration of chitosan, the kinds of acid used for dis-
solving the chitosan, the amount of the enzyme, and other
reaction conditions such as pH, temperature, and agitation. In
order to obtain the best reaction conditions, these parameters
were optimized at a fixed reaction time of 24 h. The optimum
pH and temperature for the production of chitosan oligosac-
charides were pH 5.0 and 40°C, respectively. With a chitosan
concentration in the range of 2.5 to 80 mg/ml, the enzyme
showed the highest initial velocity at a chitosan concentration
of 5 mg/ml but dropped to 3% of maximum activity at 80
mg/ml. For the purpose of large-scale production of chitosan
oligosaccharides, a chitosan concentration of 20 to 40 mg/ml
was chosen because a chitosan concentration of 5 mg/ml re-
quired a much larger reactor volume and an additional con-
centration process. Because of the increase of viscosity and
substrate inhibition, higher concentrations of chitosan re-
quired more enzymes per gram of chitosan. Generally, at 20 to
40 mg of chitosan/ml of solution, 2 to 8 U of enzyme/g of
chitosan was needed for oligosaccharide production within
24 h at 40°C and pH 5.0.

Three types of chitosan solution which were solubilized with
lactic acid, hydrochloric acid, and acetic acid showed the same
productivity as that of chitosan oligosaccharides. The chitosan
substrate with a low DDA yielded a lower content of oligosac-
charide and also caused many unidentified peaks on an HPLC
chromatogram. From an industry point of view, the most im-
portant things might be the content and the composition of
oligosaccharides. These parameters were well traced by ana-
lyzing the Mav and the molecular weight distribution of chi-
tosan hydrolysates by using gel permeation chromatography
(GPC). Table 3 shows the changes of the Mav and oligosaccha-
ride composition of the chitosan hydrolysates according to
reaction time. This result indicated that the chitosan hydroly-
sates with desired oligosaccharide composition could be pro-
duced by a controlled hydrolysis of chitosan with the aid of
GPC analysis. Even though the contents of long-chained oli-
gosaccharides such as hexamer, heptamer, and octamer, which
are known to have higher immunostimulating activity, varied
according to the degree of hydrolysis of chitosan, our enzyme
produced relatively high amounts of these oligosaccharides
compared with other commercial oligosaccharides.

Production of LMW chitosan. LMW chitosan has advan-
tages over chitosan, such as high solubility in water, low vis-
cosity, and specific biological activities including anticholester-
olemic and antimicrobial effects. Our chitosanase could be
used for the production of LMW chitosan by controlling the

FIG. 2. Thin-layer chromatogram of the reaction products of Ba-
cillus sp. strain KCTC 0377BP chitosanase on chitosan oligosaccha-
rides. The reactions were conducted at 40°C for 15 h by using chito-
triose (G3), chitotetraose, (G4), chitopentaose (G5), chitohexaose
(G6), and chitoheptaose (G7) as the substrates. Lanes: S, standard
mixture of chitosan oligosaccharides, ranging from glucosamine (G1)
to chitoheptaose; 0, chitosan oligosaccharide not treated with chitosa-
nase; 15, chitosan oligosaccharide treated with chitosanase for 15 h.
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degree of hydrolysis of chitosan. When chitosan was treated
with a small amount of chitosanase, the Mav of chitosan hy-
drolysates decreased with the reaction time (Fig. 3). The LMW
chitosans produced by chitosanase had various molecular
weight distributions: 21,500 to 1,500 [Mav � 4,800, �(GlcN)24],
9,700 to 1,100 [Mav � 2,200, �(GlcN)11] and 4,400 to 900 [Mav

� 1,500, �(GlcN)8]. Solvent fractionation of these chitosan
hydrolysates will further narrow down the molecular weight
distribution of LMW chitosans.

Production of HA chitosan oligosaccharides. Direct enzy-
matic production of chitin oligosaccharides has not yet been
reported. The insolubility of chitin in water and the unavail-
ability of a suitable enzyme limit the enzymatic production of
chitin oligosaccharides. Because our chitosanase has a high
activity toward highly acetylated (HA) chitosan, it could be
used for the production of oligosaccharides from HA chitosans

with 30 to 50% DDA. When chitosan (39% DDA) was hydro-
lyzed by the enzyme, oligosaccharides with a Mav of 920
[�(GlcN)5] were obtained. Of these oligosaccharides, 72%
were in the molecular weight range of 670 [�(GlcN)3] to 1,300
[�(GlcN)7]. We tentatively designated these oligosaccharides
as HA chitosan oligosaccharides. Considering the fact that the
chitin oligosaccharides have higher immunostimulating and
anticancer activities than chitosan oligosaccharides (42, 45),
the HA chitosan oligosaccharides were expected to have
higher biological activities than chitosan oligosaccharides.

Cloning, sequencing, and analysis of chitosanase gene.
From about 20,000 transformants of E. coli, a transformant
showing chitosanase activity on chitosan overlay agarose plates
was selected. It contained a recombinant plasmid, pBC27, har-
boring a 2.7-kb insert DNA. Analysis of the nucleotide se-
quence of the chitosanase gene (csn45) revealed an open read-
ing frame of 1,362 nucleotides that encodes a protein of 454
amino acids with a predicted molecular mass of 50,691 Da (Fig.
4). A potential ribosome-binding site, AAGGAG, was found
upstream of the start codon and the 13-bp palindrome se-
quence, corresponding to a hairpin loop that was found down-
stream to the TAA termination codon. The deduced amino
acid sequence at positions 48 to 68 is identical to the N-
terminal 20-amino-acid sequence of the purified chitosanase.
This suggested that the N-terminal 47 amino acids of the un-
processed chitosanase may function as a signal peptide, which
is necessary for the extracellular secretion of the chitosanase.
The molecular mass of processed chitosanase (407 amino ac-
ids) was predicted to be 45,808 Da, which is comparable to the
molecular mass of chitosanase (45 kDa) estimated by SDS-
PAGE.

The deduced protein sequence of the chitosanase was com-
pared with entries in the GenBank and SWISS-PROT data-
bases. The chitosanase contains a typical, conserved amino
acid sequence, ATDGDLDIAYSLLLAHKQWGSNG, of gly-
coside hydrolase family 8. Furthermore, the enzyme showed a
high sequence similarity with family 8 glycoside hydrolases
such as Bacillus sp. strain KSM330 acidic cellulase (30) (76%
similarity), a chitosanase-glucanase bifunctional enzyme from-
“Paenibacillus fukuinensis” (18) (74% similarity), B. circulans
WL-12 endo-�-1,3-1,4-glucanase (8) (44% similarity), Clostrid-
ium cellulolyticum cellulase C (4) (29% similarity), Clostridium
josui cellulase 2 (10) (29% similarity), Clostridium thermocel-

FIG. 3. GPC of chitosan hydrolysates. Twenty milligrams of chi-
tosan solution/ml was hydrolyzed by chitosanase (2 U/g of chitosan) at
40°C for 36 h. During the reaction, aliquots were sampled and their
Mavs were estimated by GPC (Ultrahydrogel 250; Waters). Molecular
weight indicates pullulan standard P-82 (48,000, P-50; 12,200, P-10;
5,800, P-5) and predicted molecular weight (1,600 and 960) from a
pullulan molecular weight standard curve.

TABLE 3. Change of the Mav, total oligosaccharide content, and oligosaccharide composition of chitosan hydrolysatesa

Reaction
time (h)

GPC analysis Chitosan oligosaccharide composition (%) for chitosan hydrolysate:e Total
oligosaccharide (%)RTb Mav G2 G3 G4 G5 G6 G7 G8 G9

30 13.70 2,000 (G10) 1.7 4.5 4.6 7.2 7.8 6.7 5.0 3.7 41.2
36 13.90 1,590 (G8)c 1.7 5.1 6.8 10.1 10.3 7.8 5.8 3.9 51.5
42 14.30 1,180 (G6) 1.8 6.8 9.6 12.9 12.3 8.3 5.6 3.0 60.3
48 14.35 1,120 (G6) 1.9 7.3 10.5 13.7 12.1 7.6 4.9 2.5 60.5
54 14.40 1,100 (G6) 2.0 9.2 12.4 14.9 12.5 7.1 3.7 1.9 63.7
60 14.60 1,000 (G5) 2.3 15.4 15.6 16.5 10.5 3.9 0.9 NDd 65.1

a One hundred milliliters of 40 mg of soluble chitosan/ml was treated with 8 U of chitosanase at 40°C. At the time intervals indicated, samples were taken and average
molecular weights were analyzed by GPC with Ultrahydrogel 120, and the oligosaccharide composition was determined by HPLC with an Amide NH2-80 column as
described in Materials and Methods.

b Retention time (min).
c Approximate degree of polymerization of GlcN for each of the Mav values.
d ND, not detectable.
e G2 to G10, chitosan oligosaccharides from chitobiose (G2) to chitodecaose (G10).
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lum endoglucanase A (5) (29% similarity), and Erwinia chry-
santhemi cellulase Y (12) (25% similarity). The alignment of
family 8 catalytic domains is shown in Fig. 5. The conserved
Glu-122 (amino acid position of csn45), which was identified as
a catalytic residue in cellulases, was expected to act as a proton
donor in catalysis. The Asp-183, conserved in all members of
family 8 glycosyl hydrolases, has the potential to participate as
a nucleophile in the catalysis of family 8 hydrolases.

The chitosanase of this study has no significant similarity to
other known chitosanases of B. circulans MH-K1 (36), Strep-
tomyces sp. strain N174 (11), or Nocardioides sp. strain N106
(24), which were classified as family 46 hydrolases. These fam-
ily 46 chitosanases have a sequence similarity in the N-terminal
regions containing catalytic residues of Glu-22 and Asp-40
(amino acid positions of Streptomyces sp. strain N174 chitosa-
nase). This suggests that the chitosanase of this study has
evolved from a different ancestral gene from that of family 46
chitosanases.

DISCUSSION

In order to develop a chitosanase suitable for the production
of chitosan oligosaccharides, a bacterium with high chitosanase
activity was isolated from soil, and it was designated Bacillus
sp. strain KCTC 0377BP. In previous reports, most microor-
ganisms needed chitosan as an inducer for the production of
chitosanase, but some microorganisms (20, 23, 39) constitu-

tively produced chitosanase without chitosan. Our strain also
produced chitosanase without chitosan as an inducer, and this
characteristic has advantages at the fermentation stage be-
cause chitosan increases the viscosity of the culture medium
and makes production costs high. In an MS-chitosan medium,
the bacterium produced chitosanase of approximately 1.2
U/ml, but its productivity increased to about 100 U/ml in the
500-liter fermentor when the culture conditions were opti-
mized. The decreased production of chitosanase in the me-
dium containing chitosan might be due to the inhibitory activ-
ity of chitosan on bacterial growth (29).

Because about 5 U of chitosanase was required for hydro-
lyzing 1 g of chitosan within 24 h at 40°C, 1 liter of culture
supernatant (100 U/ml) could hydrolyze 20 kg of chitosan into
chitosan oligosaccharides. This process is economically and
environmentally sounder than acid hydrolysis, whereby the
large-scale production of chitosan oligosaccharides of high
yield and high purity is possible.

The molecular mass of the purified chitosanase (45 kDa) is
the same or similar to those of other chitosanases from Bacillus
species (20, 33, 50); however, the enzymatic characteristics of
the purified chitosanase, such as substrate specificity and spe-
cific activity, were different from those of other chitosanases
from Bacillus species. As shown in Table 4, the specific activ-
ities of other purified chitosanases are in the range of 5.84 to
334 U/mg, but the chitosanase of Bacillus sp. strain KCTC
0377BP has the highest specific activity, at 1,700 U/mg. Most of

FIG. 4. Nucleotide sequence of the csn45 gene and deduced amino acid sequence of the gene product. The putative ribosome-binding site
(AAGGAG) is boxed. The N-terminal amino acid sequencing of the purified chitosanase from Bacillus sp. strain KCTC 0377BP is underlined. The
signal peptide cleavage site is shown with a vertical arrow. The putative inverted repeat sequence is indicated by facing arrows with a solid line.
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the enzymes show high activity only for the chitosans with a
DDA of 70 to 100% (Table 4). However, Bacillus sp. strain
KCTC 0377BP chitosanase showed a high relative activity
against a broad range of deacetylated chitosan (40 to 100%).

This broad range of specificity is advantageous for the produc-
tion of partially deacetylated chitosan oligosaccharides and for
the economical use of chitosan.

The deduced amino acid sequence of csn45 showed a dis-

FIG. 5. Alignment of putative catalytic domain of family 8 glycoside hydrolases. Numbers refer to amino acid residues at the start of the
respective lines; all sequences are numbered from Met-1 of the peptide. The active sites, such as proton donor and nucleophile, are indicated by
asterisks. Symbols (bacterial names followed by accession numbers): CSN_45, Bacillus sp. strain KCTC 0377BP chitosanase (AF334682);
BAC_KSM, Bacillus sp. strain KSM330 endoglucanase (P29019); PAE_D2, P. fukuinensis D2 chitosanase (AB006819); BAC_CIR, B. circulans
endoglucanase (P19254); CLO_CEL, C. cellulolyticum cellulase C (P37699); CLO_JOS, C. josui cellulase 2 (P37701); CLO_THE, C. thermocellum
endoglucanase A (P04955).

TABLE 4. Comparison of properties of purified chitosanases produced by microorganismse

Microorganism Mol mass
(kDa)a

Action
modef

Optimum
pH

Sp. act
(U/mg)

Substrate specificity
(% DDA)b Inducibilityc End

productsd
Source or
reference

Bacillus sp. strain KCTC 0377BP 45 Endo 4.0–6.0 1,700 Chitosan (40–100),
CMC (2.5)

C G3–G7 This study

Aspergillus oryzae IAM2660 40 Endo 5.5 17.2 Chitosan (70–100) C Oligomer 51
135 Exo 5.5 38.8 Chitosan (90–100) I G1

Nocardia orientalis IFO 12806 97 Exo 5.5 35.8 Chitosan (100) I G1 28
Acinetobacter sp. strain CHB101 37 Endo 5–9 334 Chitosan (70–90) C G2, G3 39

30 Endo 5–9 800 Glycol chitosan C
Enterobacter sp. strain G-1 50 Exo 7.0 5.84 Chitosan (80) I G2 49
Myxobacter strain AL-1 31 Endo 5.0, 6.8 ND CMC, chitosan ND ND 32
Matsuebacter chitosanotabidus 3001 34 Endo 4.0 250 Chitosan (90) I G1–G3 31
B. cereus S1 45 Endo 6.0 196 Chitosan (ND),

CMC (21.6)
C G2–G4 20

B. megaterium P1 chitosanase A 43 Endo 4.5–6.5 154.8 Chitosan (81),
CMC (0.4)

I Oligomer 33

Bacillus sp. strain KFB-C108 48 Endo 6.5 110 Chitosan (ND) I G3–G5 50

a Determined by SDS-PAGE analysis with purified enzyme.
b Substrate specificity for chitosan and CMC. Data in parentheses indicate appropriate DDA of chitosan for the activity (more than 50% relative activity) and relative

activity of CMC for chitosan.
c C and I are abbreviations for constitutive and inducible, respectively.
d End product of the enzymes using chitosan as the substrate.
e ND, not determined.
f Exo, exocleavage type; endo, endocleavage type.
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similarity from the reported family 46 chitosanases. However,
the active site and activity-related sequences of the enzyme
have the same pattern as those of glucanases belonging to
glycoside hydrolase family 8 (Fig. 5). Although family 8 glyco-
side hydrolases are a typical glucanase group, only one of the
chitosanases of Paenibacillus fukuinensis was assigned to family
8 in a recent study (18). Therefore, the chitosanase of this
study would be the second reported chitosanase to be assigned
to glycoside hydrolase family 8. The chitosanase D2 of P.
fukuinensis had bifunctional activities of chitosanase and glu-
canase, which are similar to the activities of the chitosanase of
this study. Although our chitosanase and chitosanase D2 of P.
fukuinensis both belong to glycoside hydrolase family 8 and
both have similar active sites and catalytic modules, our chi-
tosanase shows a higher similarity to family 8 and some differ-
ent characteristics from chitosanase D2. The D2 enzyme has a
unique discoidin domain at its C terminus (this domain is not
typical of the family 8 group); however, our chitosanase lacks
this domain. According to a truncation study of carboxyl-ter-
minal residues of the D2 enzyme, its discoidin domain is not
related to the activity of the enzyme because a D2 enzyme
truncated in the discoidin domain showed comparable activity
to that of an intact enzyme. A better understanding of the
structure-function relationship of these bifunctional enzymes
requires more research.

From a commercial standpoint, it is important to select an
appropriate acid, such as acetic acid, lactic acid, or hydrochlo-
ric acid, for dissolving the chitosan. Chitosan should be dis-
solved with the appropriate acid for the particular application
the chitosan oligosaccharides will be used for (e.g., acetic acid
and hydrochloric acid for food and lactic acid for cosmetics
industries). All chitosan solutions, which are prepared by using
three types of acids, were effectively hydrolyzed by the chitosa-
nase at similar rates, and this showed that the chitosanase
under discussion could be used in many chitosan-related in-
dustries.

From a commercial standpoint, chitosanase of Bacillus sp.
strain KCTC 0377BP has many beneficial characteristics, such
as constitutive production, high productivity, high specific ac-
tivity, simple purification, relatively strong enzyme stability,
high activity against a broad range of deacetylated chitosan,
and the possibility of using various acids for chitosan solubili-
zation. Furthermore, this enzyme can be used for the produc-
tion of chitosan oligosaccharides with desired oligosaccharide
compositions, LMW chitosan, and HA chitosan oligosaccha-
rides. Our intensive and cooperative study, together with Ami-
cogen, Inc., proved that the chitosanase of Bacillus sp. strain
KCTC 0377BP is suitable for the commercial production of
chitosan oligosaccharides and other chitosan hydrolysates.

In conclusion, we have characterized the chitosanase of Ba-
cillus sp. strain KCTC 0377BP with respect to its industrial
applications, and our results demonstrate that this is a valuable
enzyme for the commercial production of chitosan oligosac-
charides and other chitosan hydrolysates.
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