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Bacillus licheniformis SK-1 naturally produces chitinase 72 
(CHI72) with two truncation derivatives at the C-terminus, one 
with deletion of the chitin binding domain (ChBD), and the 
other with deletions of both fibronectin type III domain (FnIIID) and 
ChBD. We constructed deletions mutants of CHI72 with dele-
tion of ChBD (CHI72ΔChBD) and deletions of both FnIIID 
and ChBD (CHI72ΔFnIIIDΔChBD), and studied their activity 
on soluble, amorphous and crystalline substrates. Interestingly, 
when equivalent amount of specific activity of each enzyme 
on soluble substrate was used, the product yield from CHI72-
ΔChBD and CHI72ΔFnIIIDΔChBD on colloidal chitin was 
2.5 and 1.6 fold higher than CHI72, respectively. In contrast, 
the product yield from CHI72ΔChBD and CHI72ΔFnIIID-
ΔChBD on β-chitin reduced to 0.7 and 0.5 fold of CHI72, 
respectively. These results suggest that CHI72 can modulate its 
substrate specificities through truncations of the functional do-
mains at the C-terminus, producing a mixture of enzymes with 
elevated efficiency of hydrolysis. [BMB reports 2011; 44(6): 
375-380]

INTRODUCTION

Most bacterial chitinase consist of multiple functional domains 
with different domain rearrangements (1-4). These functional 
domains have been shown to be involved in substrate binding 
and play an important functional role in the hydrolysis of in-
soluble substrates (5-12). It may also influence the mode of hy-
drolysis, the mechanism of how these different chitinases hy-
drolyzes chitin, as well as the product size distribution that 
these enzymes produce (13). Chitinases from Serratia marces-
cens and Alteromonas sp. strain O-7 have been extensively 

studied (14-24). S. marcescens produces three chitinases, 
ChiA, ChiB, and ChiC. While ChiA and ChiB are exo-chiti-
nases, ChiC is an endo-chitinase (14-16). ChiA contains an 
N-terminal domain which can bind and guide the substrate in-
to the catalytic cleft (17-21), while ChiB contains a chitin bind-
ing domain at the C-terminus of the protein (22, 23). Alteromonas 
sp. O-7 produces four chitinase, ChiA, ChiB, ChiC and ChiD. 
ChiA of Alteromonas sp. O-7 has the highest substrate specific-
ity towards crystalline chitin (powder chitin), while ChiC has 
the highest substrate specificity towards soluble chitin (glycol-
chitin). ChiD demonstrated highest activity on amorphous sub-
strate (colloidal chitin), however, ChiD also exhibited rela-
tively high activity on crystalline substrate. On the other hand, 
ChiB of Alteromonas sp. O-7 has a slightly low activity and 
did not show any preference towards the substrates used (24). 
S. marcescens and Alteromonas sp. O-7 use multiple enzymes 
synergistically to efficiently hydrolyze chitinous substrates. 
Bacillus licheniformis SK-1 studied in our laboratory produces 
three chitinases, CHI72, CHI66, and CHI58 in the culture me-
dium, as shown by activity staining of the crude enzyme pro-
duced when cells are grown in medium containing chitin as 
carbon source (25). This phenomenon has also been reported 
by others studying chitinase from B. licheniformis (26-29). 
However, the disparity of the enzymes is not from glyco-
sylation in Escherichia coli. Chuang et al., found that the 
BlChi4 and BlChi4G419 come from proteolytic cleavage phe-
nomena (29) and Tantimavanich et al., reported that Chi68, 
Chi62 and Chi50 of B. licheniformis TP-1 were derived from a 
single gene (28). 

We have cloned chi72 gene from B. licheniformis SK-1. The 
deduced amino acid sequence of recombinant chitinase 72 
(CHI72) demonstrated that CHI72 consists of a catalytic do-
main followed by a fibronectin type III domain (FnIIID) and a 
chitin binding domain (ChBD) at the C-terminus. When chi72 
gene was expressed in E. coli, we observed that recombinant 
CHI72 produces two C-terminal truncated derivatives similarly 
as the ones found in B. licheniformis SK-1. Since these do-
mains are involved in enzyme substrate interactions, therefore 
truncation of CHI72 may generate a mixture of chitinases de-
rivatives with different substrate specificity, which can work 
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Fig. 1. Tryptic digested fragment map-
ping of B. licheniformis SK-1 CHI72 
and its truncation derivatives. Purified 
chitinases were analyzed by SDS- 
PAGE. Lane 1, wild type CHI72, Lane 
2, autoproteolytic derivatives. (A) Wild 
type CHI72, CHI66 and CHI58 were 
in-gel typsin digested and tryptic frag-
ments were analyzed by LC-MS/MS to 
map the truncated domains. The pep-
tide fragments found in of each de-
rivatives tryptic digested products were 
shown in bold (B).

synergistically or cooperatively in hydrolyzing chitin. If this is 
true, in contrast to S. marcescens and Alteromonas sp. O-7 
where multiple gene products were employed, B. lichen-
iformis has a far more effective approach to produce a mixture 
of chitinases with altered substrate specificity to efficiently hy-
drolyze chitinous substrate by generating truncation de-
rivatives from a single gene product. 

Therefore, in this study we have constructed truncated de-
rivatives of the recombinant CHI72 with deletion of the ChBD, 
CHI72ΔChBD and both the FnIIID and ChBD, CHI72-
ΔFnIIIDΔChBD. These derivatives were expressed and their 
activity on soluble, amorphous, and crystalline substrate 
studied. We have also proposed that the truncations of CHI72 
at the C-terminal, which produces a mixture of enzymes, 
could increase the efficiency of chitin hydrolysis probably by 
modulating the substrate specificity of the truncated enzyme 
products. 

RESULTS AND DISCUSSION

The purified wild type CHI72 (wtCHI72) produced two proteo-
lytic C-terminal truncated derivatives, CHI65, and CHI58 after 
several days of storage at 4oC (Fig. 1) WtCHI72 and two trun-
cated derivatives were separated by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) and in-gel typ-
sin digested. The peptide fragments of three enzymes were an-
alyzed by liquid chromatography-mass spectrometry (LC-MS/MS). 
The result from in-gel typsin digestion, LC-MS/MS analyses, 

demonstrates that CHI66 lacks the peptide fragment corre-
sponding to the ChBD and CHI58 lacks the peptide fragments 
corresponding to both FnIIID and ChBD (Fig. 1).

The deletion mutations of chi72 gene with deletion of the 
ChBD, residues 529-598, and deletions of both the FnIIID and 
ChBD, residues 447-598, were constructed. Plasmids carrying 
intact and truncated chi72 gene were introduced into E. coli 
Top10 for chitinase production. Purification of recombinant 
CHI72 and CHI72ΔChBD were achieved by colloidal chitin 
adsorption. Purification of recombinant CHI72ΔFnIIID-
ΔChBD, lacking the chitin binding ability, was achieved by 
diethylamino ethanol-cellulose (DEAE) ion exchange column 
chromatography (Fig. 2). Surprisingly, although it was shown 
earlier by Watanabe et al., that the FnIIID of Bacillus circulans 
WL-12 ChiA1 was not involved in substrate binding (10), we 
found that FnIIID of B. licheniformis SK-1 CHI72 is involved in 
substrate binding, as CHI72ΔChBD can bind to colloidal chi-
tin during purification. This phenomenon was also reported by 
Chuang et al. (29). We found that FnIIID of B. licheniformis 
SK-1 CHI72 has 50.6% and 47.6% homology with FnIIID1 
and FnIIID2 of B. circulans WL-12 ChiA1, respectively. This 
result implies that though both B. licheniformis and B. circu-
lans WL-12 contain FnIIID, they have different functional role 
in chitin hydrolysis. The predicted molecular masses from the 
deduced amino acid residues of recombinants CHI72, 
CHI72ΔChBD and CHI72ΔFnIIIDΔChBD were 66 kDa, 58 
kDa and 50 kDa, respectively. Furthermore, the recombinant 
derivatives CHI72ΔChBD and CHI72ΔFnIIIDΔChBD were 
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Fig. 2. Construction and purification 
of CHI72 and its derivatives. Recom-
binant CHI72 and truncated deriva-
tives were expressed in E. coli Top10 
cells. Purified chitinases were ana-
lyzed on SDS-PAGE. Lane M, protein 
marker; Lane 1, CHI72; lane 2, CHI72-
ΔChBD; lane 3, CHI72ΔFnIIIDΔChBD. 
(A) Schematic structure of recombinant 
CHI72 and truncated derivatives (B).

Fig. 3. The hydrolytic products of insoluble substrate by recombi-
nant CHI72 and truncated derivatives. Colloidal chitin (A) and β- 
chitin (B). Lane M = N-acetyl-chitooligosaccharide standard; lane
1, CHI72; lane 2, CHI72ΔChBD; lane 3, CHI72ΔFnIIIDΔChBD.

Recombinant and truncated 
derivatives 

Yield GlcNAc2 (mM) 

β-chitin Colloidal chitin

CHI72 30 ± 6 (1.0) 35 ± 2 (1.0)
CHI72ΔChBD 22 ± 3 (0.7) 86 ± 16 (2.5)
CHI72ΔFnIIIDΔChBD 15 ± 6 (0.5) 56 ± 11 (1.6)

The product yield of recombinant and truncated derivatives of CHI72 
was determined on 10 mg/ml crystalline, β-chitin, and amorphous 
chitin, colloidal chitin, substrates. Each reaction was repeated in-
dependently, data are presented as the mean ± 1 SD derived from at 
least four independently repeats

Table 1. The product yield of recombinant CHI72 and truncated de-
rivatives on crystalline and amorphous chitin substrates

slightly smaller than the naturally occurring truncation of 
wtCHI72 (data not shown). This result suggested that the trun-
cation of the recombinant CHI72 enzyme did not occur within 
the domain junctions, which was used to design our truncated 
derivatives, but rather occurred within the FnIIID and ChBD.

Recombinant CHI72 and truncated derivatives were studied 
for their ability to hydrolyze different types of substrates. The 
enzymes were assayed on soluble substrate, 50% degree of 
deacetylation (DD) partially N-acetylated chitin (PNAC) as de-
scribed in materials and methods. The amount of enzyme 
which yields equal specific activity 10 U/mg on PNAC was 
used to hydrolyze crystalline substrate, β-chitin, and amor-
phous substrate, colloidal chitin (Table 1). This is to ensure 
equal quantity of active catalytic domain present in each 
reaction. The differences in activity observed would be a result 
from the change in substrate specificity of CHI72 derivatives. 
The amount of product produced was quantitated by high per-
formance liquid chromatography (HPLC) (13). On β-chitin, 
CHI72 showed the highest activity among the three enzymes. 
The hydrolytic yield from CHI72ΔChBD and CHI72ΔFnIIID-
ΔChBD were 0.7 and 0.5 fold, when compared to the yield 
from CHI72, respectively (Table 1). Interestingly, when colloi-
dal chitin was used as substrate, CHI72ΔChBD and CHI72-
ΔFnIIIDΔChBD showed 2.5 and 1.6 fold increase in yield 

over CHI72, respectively. These results indicated that a mix-
ture of enzymes created from truncations of the C-terminus of 
CHI72, would lead to a more efficient degradation of natural 
chitinous substrates, where both crystalline and amorphous 
forms are present. 

The products from hydrolysis of colloidal chitin and β-chitin 
were also analyzed by silica-thin layer chromatography (TLC). 
Hydrolysis of colloidal chitin by the chitinase derivatives pro-
duced a final mixture of chitobiose, chitotriose and GlcNAc, in 
which chitobiose was the dominant product (Fig. 3). The hy-
drolytic products from β-chitin by all enzymes were predom-
inantly chitobiose. The presence of chitotriose and GlcNAc is 
more pronounce when colloidal chitin was used as substrate 
suggesting that the endo-type mode is preferential on amor-
phous substrate. 

The application of different substrates makes it possible to 
distinguish between exo- and endo-chitinase activities of each 
enzyme. Soluble substrates can freely associate and dissociate 
from the active site, therefore, enzymatic activity on this sub-
strate will reflect the total amount of active catalytic domains 
present in the reaction. Colloidal chitin was used to determine 
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the endo-chitinase activity of each enzyme. To hydrolyze this 
substrate efficiently the enzyme must associate, hydrolyze, 
then dissociate from the initial hydrolytic site to the next, be-
cause it cannot move processively along the entangled chitin 
strands of amorphous chitin. Finally, β-crystalline chitin was 
used to evaluate the processive exo-chitinase activity of each 
enzyme as the chitin strands are arranged in a parallel unidir-
ectional manner with very few intermolecular hydrogen 
bonds, making it a good substrate for exo-chitinase (30). 

These results demonstrated that the truncated of CHI72 pos-
sessed both endo- and exo-splitting activities. Recombinant 
CHI72 would play a major role in the hydrolysis of crystalline 
chitin, while CHI72ΔChBD and CHI72ΔFnIIIDΔChBD would 
play a major role in the hydrolysis of both amorphous and 
soluble oligosaccharides. 

We have shown that, indeed, the truncation derivatives of 
CHI72, CHI72ΔChBD and CHI72ΔFnIIIDΔChBD, have al-
tered substrate specificity. Therefore, the mixture of enzymes 
generated by truncation of CHI72 may work synergistically or 
cooperatively in the hydrolysis of chitinous substrate with sim-
ilar result by Chang et al., (29). We demonstrated that re-
combinant CHI72 preferentially hydrolyzes crystalline chitin, 
while CHI72ΔChBD and CHI72ΔFnIIIDΔChBD truncated 
derivatives preferentially hydrolyze amorphous substrate and 
probably oligomeric substrate. Thus, B. licheniformis achieved 
an effective approach to hydrolyze chitin by generating a mix-
ture of truncation derivatives with different substrate specificity 
from a single gene product (28, 29), in contrast to S. marces-
cens and Alteromonas sp. O-7, which achieve similar outcome 
by employing products from multiple genes. Furthermore, our 
result also implies that the truncations of ChBD and FnIIID of 
CHI72 may have shifted the mode of hydrolysis of CHI72 from 
an exo-type to an endo-type, thus increasing its activity on 
amorphous substrate.

In conclusions, B. licheniformis SK-1 can generate a mixture 
of chitinases with altered substrate specificity, which can effec-
tively hydrolyze chitinous substrates, both amorphous and 
crystalline forms. Most other bacteria deploy more than one 
enzyme from multiple genes, B. licheniformis SK-1 produces 
multiple enzymes by truncation of a single gene product. This 
work demonstrated how different bacteria can achieve an en-
zyme mixture by using different means, which have evolved 
through evolution. Our results suggested that B. licheniformis 
SK-1 has a very effective and economical way to achieve out-
come as other bacteria in producing an efficient chitinolytic 
enzyme mixture.

MATERIALS AND METHODS

Construction and expression of CHI72 and derivatives
The full-length chi72 and truncated derivatives genes were 
cloned by polymerase chain reaction (PCR) from B. lichen-
iformis SK-1 genomic DNA by referring the reported sequence 
(GenBank accession number EF011101). WtCHI72 was ampli-

fied using primer set; forward primer, 5'-GTAAAGGCCATG-
GAAATCGTGTTGAT-3 and reverse primers, 5'-CGTTTTGG-
ATCCTATTGACTTTCTCTT-3'. Deletion mutations were intro-
duced by PCR mutagenesis using primer sets; forward primer, 
5'- GTAAAGGCCATGGAAATCGTGTTG AT-3 and reverse pri-
mers, 5'-CGGGATCCGGCATGGAGCTTTCAATCC-3' and 5'- 
CGGGATCCGTCCGGTGCAAAATCTTAATCG-3' for CHI72-
ΔChBD and CHI72ΔFnIIIDΔChBD deletion mutagenesis, re-
spectively (restriction sites introduced in the primers are under-
lined). 

The full-length PCR products of CHI72 and truncation de-
rivatives were digested by NcoI and BamHI restriction endonu-
cleases before subcloning into pPSKchi60, containing a pro-
moter region from chi60 gene of Serratia sp. TU09 (30), gen-
erating pPSKchi72, pPSKchi72ΔChBD and pPSKchi72ΔFnIIID-
ΔChBD. WtCHI72 and truncated clones were then DNA se-
quenced to confirm their identity. 

Recombinant CHI72 and derivatives were expressed in 
Escherichia coli Top10 cells grown in LB medium supple-
mented with 100 μg/ml amplicillin with shaking, 250 rpm, at 
37oC, for 4 days.

Purification of recombinant CHI72 and derivatives
Recombinant CHI72 and truncated derivatives were expressed 
in E. coli Top10 cells, as previously described. After cen-
trifugation, to remove the cells, the supernatant was con-
centrated through VIVA (50) flow (molecular weight (MW) cut 
off 10 kDa). CHI72 and CHI72ΔChBD were purified by col-
loidal chitin adsorption (31). CHI72ΔFnIIIDΔChBD was puri-
fied through DEAE-cellulose column. The column was equili-
brated with 25 mM Tris-HCl buffer pH 7.0. After washing with 
the same buffer, protein was eluted by 25 mM Tris-HCl buffer 
pH 7.0 with a salt gradient from 0 to 0.5 M sodium chloride 
(NaCl). The fractions containing chitinase activity were pooled 
and concentrated using VIVA (50) flow (MW cut off 30 kDa). 
The equal mass of CHI72 and derivatives were 5 μg of protein 
(10 U/mg on PNAC). 

Determination of molecular weight
The molecular weights of the enzymes were determined by 
10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE). The protein bands in SDS-PAGE were 
detected by silver staining (32, 33).

Enzymatic hydrolysis of crystalline and amorphous chitin
The activity of each enzyme was assayed by the method of 
Imoto and Yagishita (34), incubating with 1 mg/mL of 50%DD 
PNAC at 50oC for 30 min. The amount of each enzyme which 
yields equal specific activity 10 U/mg on PNAC, was used to 
hydrolyze 10 mg/ml crystalline, β-chitin, and amorphous chi-
tin, colloidal chitin, substrates in 50 mM sodium citrate buffer, 
pH 5.0 at 50oC for 12 hours. The product in each reaction 
mixture was diluted with water and then mixed with acetoni-
trile (CH3CN) at the ratio 30：70, filtered, and analyzed by 
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HPLC (column: Shodex Asahipak NH2P-50; flow rate: 1 ml/ 
min; mobile phase: 30：70 water/CH3CN; detection: UV at 
210 nm) (13). The amount of GlcNAc2 in the reaction mixture 
was determined from a calibration curve of GlcNAc2 standard.

Analysis of the degradation products of chitinases by TLC
The hydrolysis of colloidal chitin and β-chitin by the CHI72 
and derivatives were in 100 mM citrate buffer pH 5.0 at 50oC 
for 6 hours. The reaction products were analyzed by sili-
ca-TLC. Aliquots (10 μl) of the reactions mixtures were spot-
ted on silica gel plate with isopropanol-ethanol-water 
(5：2：1 [v/v/v]) and the products were detected by dipping 
the plate in the aniline-diphenylamine reagent and baking it at 
130oC for 3 min (35).
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