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ABSTRACT

In this study, the mature gene encoding for the enzyme endochitinase from the Gram positive bacterium Bacillus
licheniformis DSM13 (ATCC 14580) was cloned into the expression vector pET-21d, and then overexpressed in
E. coli T7. A high expression level was indicated by SDS-PAGE and an enzyme activity assay using pNP-(GIcNAc),
0.18 mM as the substrate. The activity of the enzyme expressed in E. coli T7 was approximately 8 times higher than
that previously expressed in Lactobacillus plantarum. Recombinant chitinase was purified from cell extract and
characterized using coloidal chitin 2% as the substrate. The enzyme showed good thermostability (half-lives of 15
days and 8 days at 37 and 50°C, respectively), and good stability in the pH range of 5 - 9. The main product of
colloidal chitin hydrolysis as indicated by thin layer chromatography was diacetyl glucosamine. The results
demonstrated that this enzyme was promising for chitin waste bioconversion into different chitin-oligosaccharides,
such as functional diacetyl glucosamine.
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Biéu hién gene ma héa chitinase tir Bacillus licheniformis DSM13 trong E.coli T7
va xac dinh dac tinh ciia enzyme tai to hop

TOM TAT

Trong nghién ctvu ndy, gene mé héa cho enzyme endochitinase ctia vi khuan gram duwong Bacillus licheniformis
DSM13 (ATCC 14580) dwoc chuyén vao vecto biéu hién va biéu hién trong té bao E. coli T7. Mirc d6 biéu hién cao
cta enzyme dwoc thd hién qua SDS-PAGE va hoat tinh clia enzyme khi s& dung pNP-(GIcNAc), 0,18 mM 1a co
chét. Hoat tinh ctia enzyme dwoc bidu hién trong E.coli T7 Ia cao khoang gép 8 I&n so v&i enzyme biéu hién &
Lactobacillus plantarum (nghién ctru tréc). Chitinase tai td hop dwoc tinh sach va xac dinh dic tinh bang cach st
dung chitin 2% |& co chét. K&t qua chi ra rang, enzyme tai t& hop bén nhiét (enzyme con lai mét niva hoat tinh sau 15
va 8 ngay U & 37 va 50°C twong (ng), bén & gidi pH tir 5 - 9. S&n pham chinh thay phan chitin huyén phu duoc xac
dinh bang phwong phap sic ky ban méng la diacetyl glucucosamine. Cac két qué nghién ctru nay chi ra réng
enzyme tai t& hop nay cé tiém ndng trong viéc ¢ng dung san xuét chitin-oligosaccharide, nhw 1a diacetyl
glucucosamine chirc ndng tlr viéc chuyén héa phé phu pham chitin

Tw khoa: Bacillus licheniformis DSM13, chitinase, E.coli T7.

(GlcNAc), and is the second most abundant

1. INTRODUCTION polysaccharide in nature after cellulose (Kurita,
Chitinases (EC 3.2.1.14) are glycosyl 2001). Chitin is widely distributed in nature
hydrolases that catalyze the hydrolytic and forms a major constituent of the shells of
degradation of chitin, which is an insoluble linear crustaceans such as crabs, shrimps, lobster, and
B-1,4-linked polymer of N-acetylglucosamine squid, which are readily available in huge
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amounts in countries with a strong aquaculture
industry such as Vietnam (Nguyen et al., 2011).
This waste material causes environmental
pollution if not processed and disposed of
properly, but could serve as a valuable chitin
chitin-

source for the production of

oligosaccharide functional food ingredients.

Chitinases have been purified from many
sources and their enzymatic activities have
been investigated. This includes plants, fungi,
yeasts, bacteria, insects, and even vertebrates
(Clarke and Tracey, 1956; Hsu and Lockwood,
1975; Htakara et al, 1979; Kramer and Koga,
1986; Hearn et al, 1996; Kasprzewska, 2003;
Ajit et al., 2006; Akagi et al.,, 2006). Chitinase
from Bacillus has received considerable
attention as it often has high activity and
thermostable characteristics, especially Bacillus
licheniformis (Barboza-Corona et al, 1999;
Toharisman et al., 2005; Yamabhai et al., 2008;
Songsiriritthigul et al, 2010;). The complete
genome of Bacillus licheniformis DSM 13 has
been elucidated and was found to contain a
number of genes coding for polysaccharide-
degrading enzymes including a gene for
chitinase (glycoside hydrolase family GH18)
with the GenBank accession number AAU21943
(Veith et al., 2004). This gene has been cloned
and expressed in Lactobacillus plantarum using
the pSIP vector, and the recombinant chitinase
Results

indicated that this chitinase was a promising

was purified and characterized.

enzyme for the production of chitin-
oligosaccharides (Nguyen et al., 2011). However,
the main drawback was the fact that the
expression level of the enzyme was quite low
(ca. 5 mg of recombinant protein per liter of
cultivation medium), and thus, it is impossible

to apply in industrial scale.

The aim of this study was to enhance the
expression of the chitinase gene (AAU21943) from
B. Iicheniformis DSM13 by using the pET-21d
expression vector in E. coli T7. The recombinant
enzyme was also purified and characterized in
order to find the effect of the new expression
system on enzyme characteristics.
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2. MATERIALS AND METHODS

2.1. Enzymes, substrates and chemicals

Restriction enzymes and T4 DNA ligase
were supplied by Fermentas (St. Leon-Rot,
Germany). Isopropyl-B-D-thiogalactoside
(IPTG) was from Roth (Karlsruhe, Germany).
Chromogenic substrates, pNP-(GlcNAc),, and
chitin were purchased from Sigma Aldrich (St.
Louis, MO). Diacetyl chitobiose was purchased
Ireland). All other
chemicals were of reagent grade and obtained

from Megazyme (Bray,
from commercial sources.

2.2. Preparation of colloidal chitin

Colloidal chitin was prepared according to
the method of Roberts and Selitrennikoff (1988)
with slight modifications. Briefly, 5 g of chitin
from crab shells (C7170, Sigma Aldrich) was
gradually added into 100 ml of cold
concentrated HCl with gentle agitation on a
magnetic stirrer for 18 h at 4°C. The mixture
was then added to 500 ml of ice-cold 96%
ethanol and left for 24 h with rapid stirring at
4°C. The
centrifugation at 8000 g for 20 min at 4°C and

precipitate was harvested by
washed repeatedly with sterile distilled water
until the pH reached 6. The colloidal chitin was
kept at 4°C until further use. Approximately 95
+ 4 g of colloidal chitin was obtained by this
procedure from 5 g of chitin powder.

2.3. Bacterial strains, plasmids, and media

DSM13 (=ATCC
14580, German Collection of Microorganisms

Bacillus licheniformis

and Cell Cultures, Braunschweig, Germany)
was grown in M1 medium at 37°C with shaking
at 125 rpm. Genomic DNA was extracted using
the DNA Isolation Kit (Norgen, Thorold,
Canada). Plasmid pET-21d (Novagen, Merck,
Darmstadt,
expression vector. E. coli T7 One

used as the
Shot
Chemically Competent (Invitrogen, Carlsbad,
CA) was used as the expression host. E. coli T7

Germany) was

carrying pET-21d with the gene of interest was
grown in LLB broth with ampicillin (100 pg/ml)
for expression of the recombinant protein.
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24. Cloning and expression of the chitinase
encoding gene

A forward primer
(GCGGCCATGGATTCCGGAAAAAACTAT) and
a reverse primer

(TAATCTCGAGTTCGCAGCCTCCGATCAGCC)
containing Ncol and Xhol recognition sites
(underlined), respectively, were designed based
on the sequence of a gene encoding a chitinase
from Bacillus licheniformis with the GenBank
accession No. AAU21943 (Veith et al., 2004).
Amplification conditions for a 25 pl standard
PCR reaction were as follows: 1 cycle at 98°C for
3 min; 30 cycles at 95°C for 30 s, 60°C for 30 s,
and 72°C for 2 min; and an extra extension at
72°C for 5 min for the final cycle. The
amplification product was purified from an
agarose gel using the Wizard SV Gel PCR
Cleanup system (Promega, Madison, WI) and
digested with Ncol and Xhol before directly
being cloned into the Ncol and Xhol sites of
pET-21d. Insertion of the amplicon resulted in
translational fusion of the chitinase open
reading frame with the vector-encoded 6x His-
tag).
transformed into E. coli T7. Positive colonies
were confirmed by colony PCR and DNA
sequencing. After culturing, cells were stored in
30% glycerol at -80°C.

tag  (N-terminal Plasmids  were

Overnight cultures of E. coli T7 harboring
pET-21d with the chitinase gene were used to
250 mL of fresh LB medium
supplemented with 100 pg/mL of ampicillin.
The cultures were incubated at 37°C and 200
rpm until the OD600 reached 0.5. IPTG was
added to the cultures to a final concentration of

inoculate

0.4 mM. Post-induction cultivation was done at
18°C and 25°C, 200 rpm for 16 hours. The cells
were harvested by centrifugation (6000 rpm, 20
min, 4°C) and washed two times with 50 mM
sodium phosphate buffer pH 6. The biomass
was stored at -20°C for protein purification

2.5. Protein purification

The cells were disrupted 3 times in a
French press (Amicon, Jessup, MD) in 50 mM
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sodium phosphate buffer, pH 6. A cell free
lysate was obtained by ultracentrifugation at
30,000 rpm for 30 min at 4°C. Protein
purification was done by immobilized metal
affinity chromatography (IMAC), as follows: 10
mL of crude protein extract was loaded onto a
15-mL column of Profinity IMAC Ni-Charged
Resin (BioRad, Hercules, CA) pre-equilibrated
with buffer A (Na,HPO, 20 mM, NaCl 0.5 M,
imidazol 20 mM, pH 6.5). After washing the
column with two column volumes of buffer A,
the enzyme was eluted with a flow rate of 0.5
ml/min using a gradient from 0% to 100% of
buffer B (Na,HPO, 20 mM, NaCl 0.5 M,
imidazol 0.5 M, pH 6.5). Fractions containing
the highest enzyme activity, detected using
pNP-(GlcNAc), as the substrate, were pooled,
and then the buffer was exchanged to 50 mM
sodium phosphate buffer pH 6.0. The samples
were concentrated by 10 kDa cutoff Amicon
Ultra filter (Millipore,
Billerica, MA). The purified enzyme was stored
in 50 mM sodium phosphate buffer pH 6.0 at
4°C and used for characterization

Centrifugal tubes

2.6. Protein electrophoresis and molecular

weight determination

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) under denaturing
conditions (Laemmli et al., 1970) was performed
to verify the purity of the enzyme preparations
and to determine the molecular mass of the
enzyme using 10% gels and a PerfectBlue™
electrophoresis (Peqlab,

vertical system

Erlangen, Germany).

2.7. Enzyme assays and protein determination

Standard enzyme assay using pNP-
(GIcNAc), as substrate

Enzyme activity was determined using
p-NP-chitobiose (pNP-(GlcNAc),) as substrate.
The assay was performed in principle as
described by Yamabhai et al. (2008) with some
modifications. The reaction was initiated by
adding 20 ul of enzyme solution to 100 ul of
0.18 mM pNP-(Gle-NAc), in 50 mM sodium
phosphate buffer pH 6, and then the mixture



was incubated for 30 min at 37°C and 600 rpm
After
incubation, the reaction was stopped by adding
480 ul of 0.5 M Na,CO,. p-Nitrophenol liberated
during  the

using an Eppendorf thermomixer.

reaction was  determined
spectrophotometrically at 405 nm. One unit of
enzyme is defined as the amount of the enzyme
releasing 1 pmol of p-nitrophenol per minute

under the given conditions.

Enzyme assay using colloidal chitin
as substrate

The reaction mixture consisted of 250 ul of
a 2%-solution of colloidal chitin in 50 mM
sodium phosphate buffer pH 6 and 250 ul of
appropriately diluted enzyme solution. After
incubation for 30 min at 37°C and 600 rpm on a
Thermomixer Compact (Eppendorf; Hamburg,
Germany), the reaction was stopped by heating
it at 100°C for 10 min and then centrifuged at
10,000 rpm for 5 min. The concentration of
in the
determined based on the dinitrosalicylic acid
(DNS) method using Glc-NAc as the standard
as described previously (Miler et al., 1959). One

reducing sugars supernatant was

unit of chitinase activity was defined as the
amount of enzyme releasing one 1 pmol of
reducing sugar per minute under the specified
assay conditions. This assay was used as the
standard enzyme assay for the characterization
of recombinant chitinase.

2.7. Protein determination

Protein concentration was determined
according to Bradford (1976) using the Bio-Rad
Protein Assay Reagent (Bio-Rad, Hercules, CA),
with bovine serum albumin as the standard.

2.8. Effect of temperature and pH on
enzyme activity

The temperature optimum of the
recombinant enzyme was determined using
standard assay conditions with 2% colloidal
chitin as the substrate in the temperature range
from 20°C to 90°C. The thermal stability of the
enzyme was studied by incubating the purified
enzyme in 50 mM sodium phosphate buffer pH

6.0 at 37°C and 50°C. At certain time intervals,
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samples were taken and the residual activity
was measured with colloidal chitin as the
substrate under standard assay conditions.

The pH optimum was determined by the
standard assay with 2% colloidal chitin in the
pH range from 4 to 10 using Britton-Robinson
buffers (20 mM sodium citrate, 20 mM sodium
phosphate, and 20 mM borate, adjusted to the
required pH with NaOH).

To determine the stability of chitinase at
different pH, the purified enzyme was incubated
at 37°C
various pH wvalues.

in Britton-Robinson buffers with
The remaining enzyme
measured at different time
colloidal chitin as the

substrate under standard assay conditions.

activity was
intervals using 2%

2.9. Analysis of hydrolysis products

Chitinase-catalyzed hydrolysis of di-N-acetyl
chitobiose (GlcNAc), was followed by incubating
100 pl of a 10 mM-solution of the respective
substrate in 50 mM sodium phosphate buffer pH 6
with 4 mU
Eppendorf thermomixer set at 37°C and 600 rpm.

of purified enzyme, using an
Samples (10 ul) were taken at various time points
and chitinase was 1inactivated by incubating
samples at 100°C for 5 min.

Hydrolysis of colloidal chitin was studied
using the reaction mixtures (960 pl) containing
2 or 20% of colloidal chitin together with 80 mU
of purified chitinase. These mixtures were
incubated at 37°C, 600 rpm using an Eppendorf
thermomixer. Samples (20 pl) were taken
regularly and the enzyme was inactivated as

described above.

The products released by the chitinase from
these carbohydrate substrates were analyzed
using thin layer chromatography (TLC) based on
methods of Rauvolfova et al. (2004). Aliquots (1 ul)
of the reaction mixtures were loaded onto high-
performance TLC silica plates (Kieselgel 60 F245,
Merck) and run against a mobile phase of
isopropanol/water/28% ammonia (7:2:1, v:viv).
Plates were dried and sprayed with 5% H,SO, in
ethanol, followed by baking at 220°C in an oven

for 10 min to develop the spots on the TLC plates.
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3. RESULTS

3.1. Overexpression of a chitinase-encoding
gene from Bacillus licheniformis DSM13 in
E. coli T7

The chitinase gene of Bacillus licheniformis
DSM13 was successfully cloned into pET-21d
and the protein was expressed in E. coli T7
driven by the T7 RNA polymerase promoter.
Cells from a 250-mL culture induced with 0.4
mM IPTG at both 18°C and 25°C for 16 hours
were disrupted and checked for gene expression
level by using SDS-PAGE (Figure 1), enzyme
activity using pNP-(GlcNAc), 0.18 mM as a
substrate, and specific activity (Table 1).

The presence of a large protein band with a
molecular weight of approximately 65 kDa
(Figure 1) indicated that the gene encoding for
chitinase from Bacillus licheniformis DSM13
was successfully overexpressed in E. coli T7
using pET-21d. Volumetric activity and specific
activity of the enzyme expressed at 18°C were
12.90 U/L and 0.97 U/mg, respectively, and the
numbers were approximately two times higher
than those obtained at 25°C (Table 1). These
enzyme activity data agree well with the protein

band intensities obtained by SDS-PAGE

(Figure 1). These results also indicated that
protein inclusion bodies might have formed
during protein expressing at 25°. The results
presented in Figure 1 and Table 1 also
demonstrated that chitinase expressed in E. coli
at 18°C (12.9 U/l) was approximately 8 times
higher than that reported previously by Nguyen
et al. (2011) in L. plantarum (1.56 U/).
Chitinase obtained at 18°C was used for further
purification and characterization.

3.2. Purification of recombinant chitinase

Cells from a 250-mL culture induced with
0.4 mM IPTG and grown for 16 hours at 18°C
after induction were disrupted, and chitinase
was purified from the cell free extract by one-
step IMAC. The procedure yielded 68.2%
chitinase recovery (Table 2). Typically, close to
20 mg of pure recombinant enzyme was
obtained from 1 L of culture with a total activity
of around 8.8 U and a specific activity of about
0.44 U/mg of protein.

3.3. Characterization of purified

recombinant chitinase

Effect of temperature and pH on the
activity and stability of purified enzyme.

5
<+—100 kDa
<+—70 kDa
<+«—50 kDa
<+—37 kDa

Figure 1. SDS-PAGE of chitinase expressed in E. coli T7 at 18°C and 25°C

Note: 1. Non-induced 18°C; 2. Induced 18°C by 0.4mM IPTG at OD 0.5; 3. Ladder; 4. Non-induced 25°C; 5. Induced 25°C by

0.4mM IPTG at OD 0.5
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Table 1. Chitinase activity in E. coli T7 induced by the addition of 0.4 mM IPTG
at OD 04 - 0.5. Chitinase activity was measured using pNP-(GlcNAc), as substrate

Temperature Non-induced/induced Specific activity Volumetric activity
of expression by IPTG 0.4mM (U/mg) (U/L)
18°C Non-induced 0.020 0.97
Induced 0.240 12.90
25°C Non-induced 0.002 0.19
Induced 0.120 7.20

Table 2. Purification of recombinant chitinase from B. licheniformis DSM13 in E. coli T7
at 18°C (from 1 L of LB culture broth)

Purification steps Total Activity‘a) ) Total protein (mg) Specific activity (U/mg)  Yield (%)
Crude extract 12.9 54 0.24
Purified enzyme 8.8 20 0.44 68.2

Note: “pNP-(GIcNAc), was used to determine enzyme activity
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Figure 2. Effect of temperature on activity (A)
and stability (B) of recombinant chitinase from B. licheniformis DSM13
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The optimal temperature of the purified
recombinant chitinase was 50°C when using 2%
colloidal chitin as a substrate for a 30-min
assay (Figure 2A). After 8 days of incubation at
37°C and 50°C, the enzyme still remained 80
and 50% of initial activities, respectively
(Figure 2B). The results showed that the
enzyme has good thermostability (half-lives of
15 days and 8 days at 37°C and 50°C,
respectively), and good stability in the pH range
from pH 5 to pH 9.

Figure 3 indicates that the pH optimum of

120

recombinant chitinase is in the range of 7 - 8
and highest at pH 7.5 (Figure 3A). The
enzyme was very stable at pH 6, 7, and 8
(remained over 60% of activity after 15 days
of incubation).

These results were comparable with that
described by Nguyen et al. (2012), in which the
chitinase gene was cloned and expressed in the
expression system of Lactobacillus plantarum.
The characteristics of the recombinant chitinase
were not significantly different when expressed
in E. coli or L. plantarum.

100 4

80 1

60 -

Relative activity (%6)

40

20 1

120

8 9 10 11

80 1

60 -

Relative activity (%)

40 4

20

pHS5
pH 6
pH7
pH8
pH9

0 2 4 6 8

10 12 14 16 18 20

Incubation time (day)

Figure 3. Effect of pH on activity (A)
and stability (B) of recombinant chitinase from B. licheniformis DSM13
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Figure 4. Thin layer chromatography showing colloidal chitin hydrolysis products of

purified recombinant chitinase using 2% colloidal (A), 20% coloidal chitin (B),
and 10 mM diacetyl chitobiose (C) as substrates, M: a standard mixture of GlcNAc,
(GlcNAc), and (GlcNAc),

Analysis of hydrolysis products

using TLC

The products of the chitinase-catalyzed
hydrolysis of colloidal chitin (2% and 20%) and
di-acetyl chitobiose were studied by thin layer
chromatography. The main hydrolysis product
of colloidal chitin was diacetyl -chitobiose
(Figures 4A and 4B), while pure di-acetyl
chitobiose not hydrolyzed
within 8 h under the conditions selected (Fig.
4C). This result was quite similar to that

studied by Nguyen et al. (2012).

apparently was

4. CONCLUSIONS

Recombinant chitinase activity expressed in
E. coli T7 using pET-21d was approximately 8
times higher than previously reported in L.

plantarum. The characteristics of recombinant
enzymes expressed by these two systems were
almost 1dentical. The recombinant enzyme was
stable at both 37°C and 50°C, and in the pH
range of 5 - 9. The main hydrolysis product was
di-acetyl chitobiose. The recombinant chitin
from B. licheniformis DSM 13 expressed in E.
coli T7 is promising for the production of
functional diacetyl-chitooligosaccharides from
chitin-rich aquaculture byproducts.
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