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ABSTRACT 

A recombinant endochitinase fused with hexahistidine 
(rEC-H) was expressed and characterized.  After Ni affinity 
chromatography, the recovery, purification-fold and specific 
activity of rEC-H were 88.8%, 13.4 and 142.1 U/mg, respec-
tively.  The purified rEC-H had optimal pH and temperature at 
pH 7.5 and 60°C, respectively and was stable at pH 4.0-9.0 
and <50°C.  It was activated by Ca2+, Sr2+, Ba2+, Co2+ and 
β-mercaptoethanol, but highly inhibited by Cu2+, Hg2+ and SDS.  
The thiol group may play an important role on rEC-H and 
rEC-H may easily be destructed when hydrophobic interaction 
is disrupted by sodium dodecyl sulfate.  The molecular mass 
was lower than that of expected due to cleavage at 2 specific 
sites, 33Ala-34Asp and 472Glu-473Leu within rEC-H, suggesting 
the fragmentation of rEC-H occurred during expression. 

I. INTRODUCTION 

Chitin, the polymer of β-1,4-linked N-acetyl-D-glucosa-
mine, is one of the major components in the cell walls of fungi 
and exoskeleton of arthropod.  It is the second abundant and 
renewable polysaccharide in the world.  Marine waste, such as 
shells of prawn and crab, is the most important sources of 
chitin.  However, the waste is traditionally utilized in low- 
economic products, for instance, fish silage and pet foods [11].  
Chitin is chemically and biochemically stable as well as bio-
compatible and non-allergenic [25].  Base on the properties, 
chitin can be applied on biomaterials for cell attachment [14, 
26] and bone formation accelerator [17], though it may need to 

be degraded or modified.  In addition, chitin and its derivatives, 
which under specific degree of polymerization (DP), play an 
critical role on pharmaceutical delivery [16].  Furthermore, 
they have been applied on antitumor, immunoadjuvant, hypol- 
ipidemic, hemostatic, antimicrobial, acceleration of wound- 
healing, and growth of probiotics [1, 18]. 

Chitinases (EC 3.2.1.14) are mild and efficient in degrading 
chitin into chito-oligosaccharide or N-acetyl-D-glucosamine.  
It has been detected in most of organisms, even those without 
chitin structure [29].  Chitinases in vertebrate are considered to 
be associated with immune system.  Acidic mammalian chiti-
nases were observed in asthmatic patients that were referred to 
inflammation and interleukin pathway [38].  Chitinases from 
plants were utilized for protecting from pathogenic fungi or 
insects’ attacks [15].  In agriculture, chitinases has been well 
studied and developed for biocontrol against fungi [23, 37] 
and insects [7, 8].  Accordingly, investigation of the properties 
and functions of chitinases from various species is very im-
portant and also necessary on the applications in many fields. 

Many studies on proteins or enzymes depend on expressing 
a cloned gene product in bacterial cells.  Because expression 
vectors with strong promoters had been well studied and Es-
cherichia coli is considered to be an ideal model system, it is 
wildly employed for fast expressing recombinant proteins 
though the misfolding or inclusion body and following diges-
tion may occur during expression [3].  In this study, we ex-
pressed the hexahistidine fused rEC (rEC-H) in E. coli.  The 
difference of molecular mass (Mr) was observed.  We identi-
fied the specific proteolytic sites for clarifying the changes in 
Mr of target protein and determined the characteristics of 
rEC-H. 

II. MATERIALS AND METHODS 

1. Materials 

Bacillus cereus BCRC 10603 was obtained from the Bio-
resources Collection and Research Center (BCRC), Food 
Industry Research and Development Inst., Hsinchu, Taiwan.  
Escherichia coli Top10F’ was purchased from Invitrogen  
Co. (Carlsbad, Ca, USA) and E. coli AD494(DE3)pLysS was 
from Novagen Inc. (Darmstadt, Germany).  All media for 
bacteria cultivation were obtained from Difco Laboratories 
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(BD Co., MD, USA).  The synthesis of ligonucleotide primers 
and amino acid N-terminal sequencing were serviced by 
Mission Biotech Inc. (Taipei, Taiwan).  ExSel, high fidelity 
DNA polymerase, was the product of JMR Holdings (JMR 
Holdings, Inc., London, UK).  T4 DNA ligase, pGEM-T  
Easy Vector, protein markers and all restriction enzymes  
were obtained from Promega Co. (Madison, WI, USA), while 
the pET23a(+) vector was purchased from Novagen (No- 
vagen Inc., Darmstadt, Germany).  Chitin, X-Gal, Isopropyl 
β-D-thiogalactopyranoside (IPTG), ampicillin, kanamycin, 
chloramphenicol and other chemicals were the products of 
Sigma-Aldrich Inc..  The resins Ni Sepharose Fast Flow was 
purchased from Amersham Biosciences (GE Healthcare Bio-
Sciences Corp., MA, USA). 

2. Isolation of Genomic DNA 

The genomic DNA was isolated according to Sambrook and 
Russel [31].  Aliquots of 1.5~3.0 ml of Bacillus cereus BCRC 
10603 cells, incubated in Tryptic Soy Broth (TSB) overnight, 
was re-suspended in 50 µl STES buffer (containing 10 mM 
EDTA, 0.1% SDS, 0.5 M NaCl and 0.2 M Tris-HCl, pH 7.6).  
To the re-suspended sample, 0.3 g acid-washed glass beads 
(dia. 0.4 mm) with 20 µl TE buffer (Tris-HCl buffer with 
EDTA, containing 20 mM Tris-HCl and 5 mM EDTA, pH 7.6) 
and 60 µl phenol-chloroform (1:1, v/v) were added and vor-
texed violently to grind the bacterial cells.  After 15 min  
centrifugation at 15,000 ×g, 0°C, the supernatant was then 
transferred to another clean microfuge tube containing 1.5 × 
volume of ethanol.  The DNA pellet was collected after 15 min 
centrifugation at 15,000 ×g and 0°C.  The precipitated DNA 
pellet was rinsed with 70% ethanol and stored in 70% ethanol 
at -20°C.  It was dried prior to use and re-dissolve in 40 µl TE 
buffer (pH 7.6) for the further cloning. 

3. Molecular Cloning with pGEM-T Easy Vector 

The genomic DNA of Bacillus cereus BCRC 10603 was 
used as template.  Primers were designed according to Ivanova 
et al. [13].  The sense primer was with oligonucleotide se-
quences of 5’-(ATG GCT AGC TCT CAA AAA TTC ACA 
CTG CTA TTA)-3’, while the antisense primer was with oli-
gonucleotide sequences of 5’-(GTG CTC GAG GTT TTC 
GCT AAT GAC GGT ATT TAA AAG)-3’.  The underlined 
sequences in sense and antisense primers were recognition 
sites for restriction enzymes (NheI and XhoI, respectively).  
Amplification using ExSel high fidelity DNA polymerase was 
performed by using polymerase chain reaction (PCR) for 25 
cycles (denaturation: 95°C for 30 s, annealing: 50°C for 45 s, 
and extension: 72°C for 90 s) in a DNA thermal cycler (2720 
Thermal Cycler, Applied Biosystems).  The PCR product was 
ligated onto pGEM-T easy vector and transformed to E. coli 
Top 10F’.  Transformants were selected according to antibi-
otics resistance. 

4. Construction of pET-23a(+)-Endochitinase Expression 
Vector 

After blue/white selection and sequencing, the endochiti-
nase gene fragment on pGEM-T easy vector was digested by 
NheI and XhoI.  After agarose gel electrophoresis, the endo-
chitinase gene fragment was isolated and eluted prior to the 
ligation with pET-23a(+) by T4 DNA ligase.  After being 
transformed to E. coli Top 10F’ and mass production, the 
ligated pET-23a(+)-endochitinase was transformed to E. coli 
AD494(DE3)pLysS expression host.  The transformants were 
selected with LB agar (10 g/l tryptone, 5 g/l yeast extract, 10 
g/l NaCl, and 15 g/l agar) containing 100 µg/ml ampicillin, 15 
µg/ml kanamycin, and 34 µg/ml chloramphenicol.  The bac-
terial colonies resistant to antibiotics were selected for protein 
expression. 

5. Cultivation of E. coli Transformant and Extraction of 
Crude Enzyme 

The E. coli AD494(DE3)pLysS transformant was culti-
vated in 50 ml LB broth containing 100 µg/ml ampicillin, 15 
µg/ml kanamycin and 34 µg/ml chloramphenicol at 37°C for 
16 hr with 200 rpm shaking.  Fifty ml of transformant were 
inoculated into 1.0 l LB broth with 3 antibiotics under the 
same condition for 3 hr to refresh.  When the absorbance at 
600 nm (OD600) reached 0.6, IPTG was added to a final con-
centration of 0.1 mM for inducing protein expression.  After 3 
hr IPTG induction, the bacterial cells were collected by cen-
trifugation at 4000 ×g for 30 min.  The harvested cells were 
then re-suspended in 30 ml Buffer A (TA buffer, 20 mM 
Tris-acetate buffer, pH 7.5) and sonicated (200 cycles with 
pulse on: 5s and pulse off: 15s). 

6. Purification Procedure 

The crude enzyme was purified by Ni sepharose Fast Flow 
affinity chromatography.   The pH of crude enzyme (30 ml) 
extracted from cytoplasm of E. coli AD494(DE3)pLysS was 
adjusted to 7.5 by using 0.2 M Tris-acetate buffer.  The re-
sulted sample was chromatographed on a Ni sepharose Fast 
Flow (2.6 cm × 5 cm), which was pre-equilibrated with Buffer 
A.  Elution was performed using a linear gradient of 0 to 0.5 M 
imidazol in Buffer A at the flow rate of 1 ml/min.  Fraction of  
3 ml/tube was collected. 

7. Preparation of Colloidal Chitin 

Colloidal chitin was prepared by HCl swelling [30].  About 
10 g chitin from crab shell was suspended in concentrate HCl 
(200 ml) and stirred violently at 4°C for 24 h.  The resulted 
chitin suspension was mixed with 2 l ethanol at 4°C with rapid 
stirring overnight and then centrifuged at 1000 ×g for 20 min.  
Chitin pellet was washed with cold water until the pH was 
neutral.  The washed sample was freeze-dried and stored at 
room temperature until use. 

8. Assay of Chitinase Activity 

One % colloidal chitin suspended in 0.1 M phosphate buffer 
(pH 7.0) was employed as substrate for chitinase activity assay.  
To 0.5 ml of colloidal chitin suspension, 0.5 ml enzyme solu-
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tion was added and incubated at 50°C for 30 min with violent 
shaking.  One ml of 2,4-dinitrosalicylic acid (DNS) reagent 
(containing 0.5 g/l DNS, 8 g/l NaOH and 150 g/l sodium, 
potassium tartarate) was added to stop the reaction and boiled 
for 5 min to develop color [24].  After cooling in ice water for 
5 min, samples were diluted with 8 ml distilled water and 
measured the absorbance at 540 nm.  One unit (U) of chitinase 
activity was defined as the amount of enzyme that can hy-
drolyze colloidal chitin and release 1 µg N-acetyl glucosamine 
equivalent within 1 min at 50°C 

9. Determination of Protein Concentration 

Protein concentration was determined by Lowry method.  
Bovine serum albumin was used as standard protein. 

10.  SDS-PAGE Analysis 

The profiles of protein contents during purification were 
observed by SDS-PAGE.  Enzyme samples were mixed with 
dissociation buffer (62.5 mM Tris-HCl buffer, pH 6.8, con-
taining 2% SDS, 5% β-mercaptoethanol and 0.01% bromo-
phenol blue) and heated at 95°C for 3 min.  The resulting 
samples were analyzed by SDS-PAGE using 12.5% poly-
acrylamide gel [10] and then stained by Coomassie Brilliant 
Blue G-250 [27].  Broad molecular weight protein kit con-
taining 10, 15, 25, 35, 50, 75, 100, 150 and 225 kDa standard 
proteins was employed as markers. 

11.  Optimal pH and pH Stability 

The optimal pH for enzymatic activity of recombinant en-
dochitinase was determined in various buffers with pH 
3.5-6.05 (50 mM sodium acetate buffer), pH 6.0-8.0 (50 mM 
sodium phosphate buffer) and pH 8.0-9.5 (50 mM Tris-HCl 
buffer) [4]. 

The pH stability of recombinant endochitinase was meas-
ured after 30 min incubation in various buffers as mentioned 
above at 37°C.  After incubation, equal volume of 0.2 M so-
dium phosphate buffer (pH 7.0) was added, and the residual 
activity was measured according to Miller [24]. 

12.  Optimal Temperature and Thermal Stability 

The optimal temperature of recombinant endochitinase was 
determined at temperatures between 30 and 70°C in 50 mM 
sodium phosphate buffer (pH 7.0).  For the determination of 
thermal stability, the recombinant endochitinase in 50 mM 
sodium phosphate buffer (pH 7.0) was incubated at various 
temperatures (30-60°C) for 30 min [4].  After cooling in ice 
water for 30 min, the residual activity was measured according 
to Miller [24]. 

13.  Effect of Metal ions and Chemicals 

Purified recombinant endochitinase in 50 mM sodium 
acetate buffer (pH 5.5) with 5.0 mM of various metal ions (Li+, 
Na+, Mg2+, Ca2+, Sr2+, Ba2+, Cd2+, Cr3+, Mn2+, Co2+, Cu2+, Hg2+, 
Ni2+, Zn2+) and chemicals (β-mercaptoethanol, SDS, urea, 
EDTA) were incubated individually at 37°C for 30 min [4].   
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Fig. 1. Chromatogram of rEC-H on Ni Sepharose FF affinity chroma-

tography.  (a) one-step elution by using 0.2 M imidazol and (b) 
gradient elution by using 0-0.5 M imidazol. 

 
 

After incubation, the residual activity was measured according 
to Miller [24]. 

III. RESULTS AND DISCUSSION 

1. Expression and Purification of the rEC-H in E. coli 

The constructed expression vector was transformed into E. 
coli AD494(DE3)pLysS expression host, and the transformant 
was then induced by IPTG at 37°C for 3 h.  The cell of E. coli 
transformant was collected and then lysed using sonication.  
The main of hexahistidine fused endochitinase (rEC-H) was 
observed in the soluble cell lysate fraction, not in insoluble 
inclusion body (data not shown).  The soluble E. coli cell lysate 
was collected as crude enzyme for the further purification. 

The crude enzyme with a specific activity of 10.6 U/mg was 
applied on Ni Sepharose Fast Flow.  Under one-step elution by 
0.2 M imidazol, an A280 peak with chitinase activity was col-
lected and analyzed.  Although protein peak and enzyme ac-
tivity fit each other with high correlation on the chromatogram 
(Fig. 1(a)), two major bands in SDS-PAGE, at the positions 
approximately of 69 kDa and 22 kDa, were observed (Fig. 2, 
lane 2).  The N-terminal sequence of higher molecular weight 
protein is Asp-Ser-Pro-Lys-Gln-Ser-Gln-Lys, while the lower 
molecular weight one is Leu-Leu-Gly-Gly-Pro-Ile-Ser-Gln  
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Table 1.  Summary of purification of rEC-H expressed in E. coli AD494(DE3)pLysS. 

Purification procedure Total protein (mg) Total activity (U) 
Specific activity 

(U/mg) 
Recovery 

(%) 
Purification fold 

Crude enzyme 94.6 999.2 10.6 100 1 
Ni Sepharose FF 6.24 886.9 142.1 88.8 13.4 

 
 

kDa

225
150
100
75

50

35

25

M 1 2 3  
Fig. 2. SDS-PAGE profile of rEC-H during purification (M, marker; 

lane 1, crude enzyme; lane 2, the partial purified enzyme which 
collected from one-step elution on Ni affinity chromatography; 
lane 3.  Purified rEC-H collected from gradient elution on Ni 
affinity chromatography). 

 
 

(Fig. 3(A)).  Both sequences were encoded from the DNA 
sequence we cloned. 

The rEC-H was purified to electrophoretic homogeneity 
with a specific activity of 142.1 U/mg after Ni affinity 
chromatography eluted by a linear gradient of 5 mM-500 mM 
imidazol (Fig. 1(b) and Fig. 2, lane 3).  The recovery and puri- 
fication fold were 88.8% and 13.4, respectively (Table 1). 

Base on well studied of strong promoter and regulation on 
protein expression, E. coli was extensively utilized as ex-
pression host to produce recombinant proteins, and the ex-
pressed proteins were regularly matched with predicted Mr in 
most of reports.  By using Ni affinity chromatography, the 
rEC-H could be ensured if no changes occurred in C-terminal 
of rEC-H.  According to the data obtained in this study, 
rEC-H could attach to Ni affinity resin and the Mr of purified 
rEC-H was lower than that of expection (Fig. 2).  However, 
an additional protein band was observed at the position of 22 
kDa on SDS-PAGE.  Since affinity chromatography has high 
specificity to His-tag, the 22-kDa protein should be derived 
from rEC-H. 

The N-terminal sequences of 2 protein bands in Fig. 2 were 
identified and confirmed that they are derived from our target 
protein.  Two cleavage sites, 33Ala－34Asp and 472Glu－
473Leu, were recognized (Fig. 3(B)).  According to the model 
of chitinase [29], the 33 amino acids leading in N-terminal are 
signal peptides, which can be recognized by E. coli, and the  

Clevage site a Clevage site b

HHHHHH

a b

NLALA 34DSPKQ SQK TLVKE
(B)

473LLGGP ISQ
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Fig. 3. Protein sequence encoded by the cloned rEC-H gene.  (A) Full 

protein sequence encoded.  The underline sequences, DSPKQSQK 
and LLGGPISQ, are the results of N-terminal sequencing from 
Fig. 2, lane 2.  And sequence (b) and (c) were polypeptides in-
ferred from full cloned sequence and the results of N-terminal 
sequencing.  (B) Two putative cleavage sites of rEC-H expressed 
in E. coli. 

 
 

shortened protein is similar to chiCW [12, 20].  Therefore, 
these 2 cleavage sites were completely assured, since no 
uncut recombinant protein was observed.  Degradation of 
insoluble or misfolding protein, inclusion body, in E. coli was 
frequently reported [3].  The cleavage site b, 472Glu－473Leu, 
indicated the cutting site was specific for Cathepsin G and 
Chymotrypsin C [6, 9].  However, the activity of degraded 
rEC-H was still left and also soluble form.  This phenomenon 
might be due to the consumption of nutrients during expres-
sion of heterogeneous proteins and, consequently decreased  
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Fig. 4. Effect of temperature on rEC-H.  (a) optimal reaction tempera-

ture.  The activity of rEC-H was determined at various tempera- 
tures, and the highest one was defined as 100%; (b) thermosta-
bility of rEC-H.  The residual activity of rEC-H was determined 
after 0-60 min incubation at 30, 40, 50 and 60°C. 

 
 
the growth of E. coli.  Proteolytic system in cytoplasm was, 
therefore, developed to recycle the heterogeneous proteins 
and ensure the normal growth of cell [2]. 

Considering the proposed model that functions of chitinase 
sequence usually containing leading sequence in the front, 
catalytic domain in the middle, and chitin-binding domain in 
the tail [29].  We supposed that the catalytic domain of rEC-H 
was between cleavage site a and b, and the chitin-binding 
domain was following cleavage site b.  Binding domain af-
fects the activity and property of chitinase [33].  However, no 
other obvious activity was observed in chromatogram in this 
study (Fig. 1), suggesting that catalytic and binding domains 
are still left on rEC-H 

2. Characteristics of rEC-H  

The purified rEC-H had optimal reaction pH and tem-
perature at pH 7.5 and 60°C respectively, and was stable  
at pH 4.0-9.0 and <50°C (Figs. 4 and 5).  It was highly  
inhibited by Cu2+, Hg2+ and SDS, moderate inhibited by  
Mg2+, Mn2+, Cd2+, but activated by Ca2+, Sr2+, Ba2+, Co2+ and 
β-mercaptoethanol (Table 2).  

Optimal reaction temperature of rEC-H was observed at  
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Fig. 5. Effect of pH on rEC-H.  (a) optimal pH.  The activity was de-

termined at pH 3.5-9.5; (b) pH stability of rEC-H.  The residual 
activity of rEC-H was determined after 30 min incubation at 
37°C and pH 3.5-9.5.  The highest activity was defined as 100%. 

 
 

60°C and the activity of the rEC-H decreased sharply when 
the temperature was over 60°C (Fig. 4(a)).  The rEC-H was 
stable at the temperature below 50°C, and lost 50% of activity 
within 15 min at 60°C (Fig. 4(b)).  The optimal temperature 
of rEC-H is higher than those from papaya (37°C), thermo-
philic fungi (50°C) [21], Bombyx mori (50°C) [22], Sangui- 
bacter antarcticus (37°C) [19], Serratia ureilytica (50°C) [35] 
and Chaetomium cupreum (45°C) [36]; however, the thermal 
stability of rEC-H is lower than that from thermophilic fungi 
[21]. 

The optimal pH of purified rEC-H was 7.5 (Fig. 5), which 
was higher than those from Serratia ureilytica (pH 6) [35], 
Bombyx mori (pH 7.0) [22], and Avena sativa (pH 7.0) [32], 
but similar to that from Sanguibacter antarcticus (pH 7.6) 
[19].  The highest activity was observed at pH 6.0 in acetate 
buffer.  However, enzyme activity is somewhat affected by 
buffers.  Similar phenomenon was also observed on the pH 
stability data (Fig. 5(b)).  Therefore, the breaking point at pH 
7.5 in phosphate buffer could be considered to be optimal pH 
(Fig. 5(a)). 

The rEC-H was highly inhibited by Cu2+ and Hg2+, indi-
cating that it was very sensitive to oxidation and thiol group 
on rEC-H played a key role on its activity.  Addition of 5 mM 
β-Me activated the activity of rEC-H up to 157% (Table 2), 
suggesting that antioxidants could not only protect rEC-H 
from oxidation, but recover the thiol group.  The properties  
of rEC-H, in this study, were similar to those of chitinases 
from Chaetomium cupreum [36] and Serratia sp. [34].  No  
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Table 2.  Effect of metal ions and chemicals on rEC-H. 

  Relative activity (%) 
None 100.0** 
Li+ 103.7 
Na+ 114.0 

Mg2+ 84.1 
Ca2+ 131.8 
Sr2+ 124.3 
Ba2+ 123.4 
Mn2+ 62.6 
Co2+ 132.7 
Ni2+ 103.7 
Cu2+ 19.6 
Zn2+ 96.3 
Cd2+ 86.0 
Hg2+ 1.9 

Metals* 

Cr3+ 92.5 
   

EDTA 104.7 
Urea 108.4 
β-Me 157.0 

Chemicals* 

SDS 3.7 
* The final concentration of reagents was 5 mM; EDTA: Ethyl-

enedinitro tetraacetic acid disodium; SDS: Sodium dodecyl 
sulfate; β-Me: 2-Mercaptoethanol.  

** The activity of rEC-H without any metal ion or chemical was 
defined as 100%. 

 
 

significant effect of ENTA on rEC-H suggested it was inde-
pendent on metal ions.  However, Ca2+, Sr2+, Ba2+, and Co2+ 
enhanced its activity.  This is similar to Chi32 [28], but quite 
different from that from Chaetomium cupreum [36]. 

The rEC-H was stable in 5 mM urea, but lost its activity 
dramatically in 5 mM SDS.  This phenomenon indicated that 
hydrophobic structure involved in rEC-H may be destructed, 
which consequently made it unstable in SDS [5].  Therefore, 
it would not suggest applying the rEC-H using in detergent 
formula. 

In summary, rEC-H can be functionally expressed in E. 
coli.  Two specific cleavage sites reported here would be 
novel.  The cleavage on expressed protein not only observed 
in insoluble inclusion body [3], but also in soluble protein.  
According to the data provided, some techniques such as 
changing the specific sequences by protein engineering can 
be preventing the rEC-H from auto-lysis during expression in 
host cell, which is helpful for the further application of 
rEC-H.  
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