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Introduction
Chitin is one of the most abundant renewable biopolymers 
in nature. About 1011 tons of chitin is produced annually 
from aquatic sources alone (Ramaiah et al. 2000). Chitin is 
a linear, homopolymer of  N-acetylglucosamine (GlcNAc) 
residues linked by β- 1, 4 glycosidic bonds. Invertebrate 
exoskeletons and fungal cell walls and shells of crusta-
ceans are the major sources of chitins in nature (Aranaz et 
al. 2009). Chitinases cleave the β-1, 4 glycosidic linkages of 
chitin and the carbon and nitrogen source thus contribute 
to the recycling of chitin in nature. The chitinases are clas-
sified into two distinct glycoside hydrolase families, viz., 
GH18 and GH19 based on their amino acid sequences, 
3D structures, sensitivity to inhibitors and catalytic domains 
Henrissat and Bairoch, 1993). The retention types, family 
18 chitinases, involve in the assimilation of chitin whereas 
the inverting types, family 19 chitinases, mainly involve in 
defensive mechanism in plants to ward off fungal infections 
(Tews et al. 1997; Kawase et al. 2006). 

Thermostable enzymes are gaining wide industrial and 
biotechnological interest in various industrial applications 
(Demirjian et al. 2001). Biotechnological processes involv-
ing high temperatures have many advantages, namely 
higher yield due to increased activity of enzymes, mini-
mum possibility for contamination and higher solubility of 
substrates and products at higher operational tempera-
tures (Haki and Rakshit, 2003). Many thermostable en-
zymes, isolated from several thermophilic organisms, find 
applications for various industrial, medical and environ-
mental applications (Dahiya et al. 2005). 

Thermostable chitinases have been mainly isolated from large 
number of thermophilic microorganisms such as hyper ther-
mophilic archae bacteria and thermophilic eubacteria. How-
ever, there are only a few reports on the chitinases from ther-
mophilic fungi, e.g., Talaromyces emersonii (McCormack et 
al. 1991), Thermomyces lanuginosus (Gou et al. 2008; Prasad 

and Palanivelu 2012), Thermoascus aurantiacus var. levisporus 
and Chaetomium thermophilum (Li et al. 2010).

Molecular cloning and characterization of the chitinase 
gene from the thermophilic fungus, Thermomyces lanugi-
nosus (ATCC 44008) have been reported by Palanivelu and 
Lakshmi (2013).  The recombinant chitinase was further 
cloned into a yeast expression vector and overexpressed 
in S. cerevisiae and the properties of the recombinant chi-
tinase were reported (Prasad and Palanivelu, 2012). In this 
communication, purification and characterization of the re-
combinant chitinase is described and also its suitability for 
bioconversion of chitin waste is established.  

Materials and Methods
Chemicals
Chitin, ρ-nitrophenol, 4-Nitrophenyl- β-D-N, N’-diacetylchi-
tobiose, dimethyl sulfoxide, bovine serum albumin, Tricho-
derma viride chitinase, DEAE-Sepharose, phenyl agarose, 
β-mercaptoethanol and CTAB were purchased from Sigma 
Aldrich Chemical Company, USA. All other chemicals used 
were of analytical grade purchased from Indian manufac-
turers.  

Yeast and fungal strains and growth conditions
Thermomyces lanuginosus-RMB (ATCC 44008) was obtained 
from Dr. Ramesh Maheshwari, Indian Institute of Science, 
Bangalore. The chitinase gene sequence of T. lanuginosus 
has been deposited in GenBank (GenBank accession No. is 
JQ801444). Saccharomyces cerevisiae (SEY 2101) and the 
yeast vector, pLC9, were kindly provided by Prof. Del Castillo 
Agudo, University of Valencia, Spain. Growth and induction of 
the recombinant chitinase from the recombinant S. cerevisiae 
(YT5), harboring the thermophilic fungal chitinase gene, is de-
scribed already (Prasad and Palanivelu, 2012).

Assay of chitinase and protein estimation
The chitinase activity was assayed as described earlier 
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(Prasad and Palanivelu, 2012) using the chromogenic sub-
strate, 4-Nitrophenyl-β-D-N, N’-diacetylchitobiose. Protein 
concentrations were estimated by Bradford’s method using 
BSA as the standard (Bradford, 1976). 

Purification of the overexpressed recombinant chitinase
The inoculum of recombinant yeast culture (YT5) was pre-
pared by growing the cells in 25 ml YEPD medium at 30 
˚C for ~ 15 h at 180 rpm in a gyratory shaker.  The ex-
pression of the recombinant chitinase was achieved by sub 
culturing 2% of the inoculum into 1000 ml of induction 
medium containing colloidal chitin and incubated at 30 ˚C 
in a gyratory shaker at 180 rpm for 4 days. The cells were 
harvested by centrifugation at 6000 rpm for 20 min at 4 ˚C 
and the cell free culture filtrate (960 ml) was used as the 
enzyme source.  The crude enzyme was concentrated by 
ammonium sulphate precipitation at 90% saturation.   The 
pellet was collected by centrifugation at 12,000 rpm for 15 
min at 4 ˚C, and resuspended in 25 ml of 50 mM phos-
phate buffer, pH 6.5 and dialyzed overnight at 4 ˚C against 
1000 ml of 10 mM phosphate buffer, pH 6.5.

The dialyzed sample was applied onto a pre-equilibrat-
ed (10 mM phosphate buffer, pH 6.5) DEAE-Sepharose 
column (30 ml) at the rate of 30 ml/h. The flowthrough 
(6×5 ml) and washthrough (10×6 ml) were collected 
at the same flow rate. Chitinase activity was assayed 
in all these fractions. Flowthrough fractions (4-6) and 
washthrough fractions (1-4) showing good amount of 
activity were pooled and made up to 1 M ammonium 
sulphate by adding solid ammonium sulphate and load-
ed at a flow rate of 30 ml/hr onto a pre-equilibrated 
phenyl agarose column (10 ml) with 150 ml of 10 mM 
phosphate buffer, pH 6.5, containing  1 M ammonium 
sulphate The flowthrough   (5x10 ml) and washthrough 
(10x5 ml) were collected. Chitinase activity was assayed 
both in the flowthrough and washthrough fractions. As 
no activity was detected, the enzyme was eluted by a 
negative gradient using 1 M ammonium sulphate and 
MilliQ water at the same flow rate as mentioned above.  
Fractions (50x2 ml) were collected. Chitinase activity and 
absorbency at 280 nm were determined in all the eluted 
fractions. The protein profile of all the active fractions 
was analyzed in 10% SDS-PAGE and the homogeneity 
was confirmed by both silver staining and Coomassie 
brilliant blue staining methods. The homogeneous frac-
tions were pooled and the chitinase activity and protein 
concentration were determined in the pooled fraction. 
The homogeneous preparation was used for all further 
studies.

Analysis by SDS–PAGE and glycoprotein staining 
The homogeneity of the recombinant chitinase was ana-
lyzed by SDS–PAGE (Laemmli, 1970). The eluted, active 
fractions were boiled for 5 min with sample loading buffer 
and electrophoresed in 10% polyacrylamide gel. The gel 
was stained by silver staining method. The molecular mass 
of the purified protein was determined using known stand-
ard protein molecular weight markers. To determine the 
presence of carbohydrate moiety in the purified chitinase, 
glycoprotein staining was done according to (Palanivelu, 
2009).

TLC analysis of chitin hydrolysis 
Chitin hydrolytic ability of the recombinant thermosta-
ble chitinase was analyzed by thin layer chromatography. 
The reaction was carried out by incubating 1 ml of 1% 
colloidal chitin with 100 µl of the chitinase enzyme (1500 
U) at 50˚C for 6 h. Equal units of commercial Tricho-

derma viride chitinase was used to compare with the 
recombinant chitinase. Proper controls were maintained 
for the experiments. Aliquots (100 µl) of the reaction 
mixtures were taken at different time intervals (1h; 2h; 
3h and 6h) and analyzed by silica gel thin layer chroma-
tography (TLC). The samples of 20 µl from each aliquot 
were spotted along with N-acetyl D-glucosamine (NAG) 
as standard. The solvent system contains n-butanol: eth-
anol: water at the ratio of 50:25:25 (v/v) for separation. 
The chitin hydrolytic products were detected by spray-
ing with aniline-diphenylamine reagent (2 ml of aniline; 
2 g of diphenylamine; 100 ml of acetone and 15 ml of 
85% phosphoric acid). After spraying, the TLC sheets 
were baked at 120˚C for 10 min.

Effects of pH and temperature on the recombinant chi-
tinase activity 
Effect of pH of the recombinant chitinase was determined 
by measuring the chitinase activity between pH 4.0 and 
8.0 using 0.2 M buffers under standard assay conditions 
(sodium acetate buffer pH 4.0 to 6.0 and Na-K phosphate 
pH 6.0 to 8.0).

The optimum temperature of the chitinase activity was de-
termined by assaying the enzyme at various temperatures 
between 30 oC and 70 oC in 0.1 M of phosphate buffer, 
pH 6.0. Thermostability of the recombinant chitinase was 
evaluated by pre-incubation of the enzyme at 50 oC in 
same buffer for 6 h and the residual activity was deter-
mined at different time intervals under standard assay con-
ditions.

Kinetic parameters of the enzyme
The kinetic parameters such as Vmax and KM  of the puri-
fied recombinant chitinase were determined using the 
substrate, 4-Np-(GlcNAc)2  at different concentrations be-
tween 0 and 125 µg/ml. The assay of chitinase was per-
formed under standard assay conditions.  The Vmax and KM 
values were obtained from Lineweaver–Bürk plot using EZ-
Fit5 enzyme kinetics program (Perrella Scientific., Amherst, 
USA).

Effects of metal ions and other additives on the recom-
binant chitinase activity 
Effect of metal ions on the purified recombinant chitinase 
activity was determined by assaying the enzyme in pres-
ence of following metal ions: Ag+, Ca2+, Cd2+, Co2+, Cu2+, 
Fe2+, Mg2+, Mn2+, Na+, Pb2+ and Zn2+ at the final concentra-
tion of 10 mM under standard assay conditions.  Control 
was maintained without the metal ion.

Effect of the chelating agent, EDTA, on the recombinant 
chitinase activity was determined at 1 mM and 10 mM con-
centrations. Effect of the denaturing agent, urea (0.5 M 
and 3.0 M) and reducing agents such as dithiothreitol and 
β-mercaptoethanol (1 mM and 10 mM) on the recombinant 
chitinase activity were studied. Effects of various detergents 
on the purified chitinase activity were determined by addition 
of CTAB, Tween 80, Triton X-100 and SDS at the final con-
centrations of 0.1% and 1% in the reaction mixture. Proper 
controls were maintained for all these experiments. 

Mass spectrometry and protein identification
The purified chitinase was excised from the SDS-poly-
acrylamide gel and analyzed by MALDI-MS. The trypsin 
digested peptide mass spectrum was analyzed by using 
MASCOT search engine.  The NCBInr database was used 
with the peptide tolerance of ± 0.4 Da to identify homolo-
gous proteins from the database. 
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Atomic force microscopy (AFM) analysis
The colloidal chitin was incubated with the purified recombi-
nant chitinase to investigate the surface changes on the chi-
tin polymer during digestion. The reaction mixture contained 
100 µl of the 1% colloidal chitin with 50 µl of the purified 
chitinase (87.27 Units).  A control was maintained with assay 
buffer instead of the enzyme. The reaction was carried out at 
50 oC for 30 min and the samples were coated on the UV 
treated cover slips under aseptic condition. The samples were 
dried and the surface topography of the chitin before and af-
ter digestion was monitored under AFM. 

CD spectroscopic analysis 
The secondary structure of the chitinase was determined 
by UV circular dichroism (CD) spectroscopy, using a Jasco 
J-810 spectropolarimeter at room temperature in 10 mM 
sodium phosphate buffer (pH 7.0) in the presence of chitin 
(0.5 µg) and the membrane mimicking solvent, trifluoroeth-
anol (TFE, 50%). The protein was denatured at 100º C for 
60 min and the secondary structure of the denatured pro-
tein was also determined. The protein (300 ng) was loaded 
into a 0.1 cm quartz cell and its ellipticity was scanned 
between 190 and 300 nm. Each spectrum obtained was 
the average of two scans. The secondary structure of the 
chitinase was estimated by K2D3 algorithm with the input 
wavelength range of 190-240 nm from the recorded spec-
tra (Louis-Jeune, 2011).

Results 
Purification of recombinant chitinase
The thermophilic fungal chitinase was found to be over-
expressed in S. cerevisiae. Almost all the overexpressed 
recombinant chitinase (99.9%) was found in the culture 
medium.  Therefore, the culture medium was used as the 
enzyme source for purification of the enzyme. The enzyme 
from the culture supernatant was concentrated by ammoni-
um sulphate precipitation and dialyzed against phosphate 
buffer overnight and the dialyzed sample was passed 
through a DEAE-Sepharose column. The enzyme did not 
bind to the column and most of the enzyme was found 
in the flowthrough and washthrough fractions.  When the 
pooled active fractions from the DEAE-Sepharose column 
was subjected to hydrophobic interaction chromatography 
on a phenyl agarose column, the enzyme bound to the 
matrix very strongly. The elution profile of the enzyme from 
the phenyl agarose column is shown in Fig 1. The sum-
mary of purification of the overexpressed recombinant chi-
tinase is shown in Table 1.The enzyme was purified by 20 
fold from the crude culture filtrate and the specific activity 
of the purified enzyme was 69817 Units/mg with the over-
all recovery of 11%. Active fractions (31- 36) were pooled 
and the homogeneity of the pooled fractions was ascer-
tained by SDS–PAGE. 

Fig.1 Elution profile of the recombinant chitinase from 
phenyl agarose column

Table 1 Summary of purification of the thermophilic fun-
gal recombinant chitinase, overexpressed in S. cerevi-
siae
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(NH4)2SO4 
precipitation 27.3 56,644 15.6 3631 1.1 31
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DEAE -Se-
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44.6 35,729 5.3 6741 2.0 20

Phenyl -aga-
rose

12.0 20,945 0.3 69817 20.0 11

The molecular mass of the purified recombinant chitinase 
was found to be ~39 kDa, as determined by SDS-PAGE 
(Fig. 2). The progress of the purification process is shown 
in Fig. 2A. The recombinant chitinase expressed in S. cer-
evisiae was found to be glycosylated (Fig. 2B)

Fig.2A SDS-PAGE analysis of the purified of recombi-
nant chitinase
Lane 1. Culture filtrate
Lane 2. Dialyzed sample after ammonium sulphate precipitation 
Lane 3. Medium range protein molecular weight markers 
(97.4; 66; 43; 29; 20.1; 14.3 kDa)
Lane 4. Pooled active fraction from DEAE-Sepharose column
Lane 5. Pooled active fraction from phenyl agarose column

Fig.2B SDS-PAGE and glycoprotein staining of the puri-
fied of recombinant chitinase
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The arrow mark indicates the recombinant chitinase 
stained for glycoprotein

Optimum pH of the purified chitinase
The effect of pH on the enzyme activity was studied at dif-
ferent pH values from 4.0 to 8.0. The enzyme was maxi-
mally active between pH 6.0 and 7.0. The enzyme was 
found to be more stable at acidic pH values and exhibited 
more than 80% of activity at pH 4.0 and only about 60% 
activity was found at pH 8.0. The activity profile of the pu-
rified chitinase at different pH values is shown in Fig. 3. 

Fig. 3 Effect of different pHs of the purified recombinant 
chitinase
 
Chitinase activity was determined by assaying the enzyme 
in 0.2 M sodium acetate buffer (pH 4.0 to 6.0) and Na-K 
phosphate (pH 6.0 to 8.0).

Optimum temperature and thermostability of the puri-
fied chitinase
The enzyme showed a broad optimum temperature. The 
maximum chitinase activity was found to be at 60˚C.  A 
sharp decline in activity was observed after 60 oC (Fig. 4). 
Thermal stability of the purified chitinase was determined 
by incubating the enzyme at 50 oC for 6 h.   The enzyme 
was found to be quite stable at 50 oC and retained more 
than 80% of the activity even after 3 h incubation.  The 
activity started declining after 3 h and again got stabilized 
(Fig. 5). 

Fig. 4 Effect of different temperatures on the purified 
recombinant chitinase

Chitinase activity was determined by assaying the enzyme 
at various temperatures between 30 oC and 70 ˚C in 0.1 M 
of phosphate buffer, pH 6.0.

Fig. 5 Thermal stability of the purified recombinant chi-
tinase

The purified enzyme in 0.1 M of phosphate buffer, pH 6.0, 
was incubated at 40, 50 and  60  oC. Residual activity was 
determined at various time intervals under standard assay 
conditions.

Kinetic parameters of the purified chitinase
The initial velocity of the enzyme was determined with in-
creasing in concentrations of the substrate. The purified 
recombinant chitinase followed Michaelis-Menten kinetics. 
The KM and Vmax values were found to be 0.66 mM and 
81.6 moles/min/mg protein, respectively as determined by 
Lineweaver – Bürk plot using Ez-Fit5 enzyme kinetics soft-
ware (Fig. 6). 

Fig. 6  Lineweaver- Bürk plot for the purified recombi-
nant chitinase

The purified recombinant enzyme was assayed using the 
substrate, 4-Np-(GlcNAc)2  at different concentrations be-
tween 0 and 125 µg/ml. 

Effect of metal ions and other additives on the activity 
of the purified chitinase
The effect of metal ions, denaturants and detergents were 
studied on the purified chitinase. The catalytic activity of 
chitinase in the presence of different metal ions was exam-
ined at the final concentration of 10 mM. Most of the met-
al ions including the heavy metal ions such as Cu2+, Pb+ 
and Cd+ showed enhanced enzyme activity whereas only 
silver ions showed a marked decrease in activity of the en-
zyme (Table 2). Out of the various metal ions and reagents 
analyzed on the activity of the purified recombinant chi-
tinase indicates that some of the divalent metal ions sig-
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nificantly increased the enzyme activity. Ag ions inhibited 
~33% of the recombinant chitinase activity at 10 mM.

Table 2 Effect of metal ions on the purified thermophilic 
fungal recombinant chitinase from S. cerevisiae

Metal ion (10 mM)
Relative activity (%)

Control 100 ± 0.1

Ca2+ 135 ± 1.4

Zn2+ 135 ± 1.4

Cu2+ 133 ± 1.2

Fe2+ 119 ± 0.7

Co2+ 95 ± 0.9

Mg2+ 90 ± 2.3

Mn2+ 98 ± 1.4

Ag+ 67 ± 1.0

Na+ 95 ± 1.2

Pb+ 112 ± 1.1

Cd+ 129 ± 1.1

The effect of various detergents on the chitinase activity 
was studied at two different concentrations. The recombi-
nant chitinase showed enhanced activity (up to 34%) with 
the detergents like Tween 80, Triton X-100 and CTAB (Ta-
ble 3). The enzyme was found to be more stable towards 
1% SDS, as compared to the native enzyme (Table 3). The 
reducing agents such as β-mercaptoethanol and dithi-
othreitol and EDTA at 1 mM and 10 mM did not show any 
significant effect on the activity of the recombinant enzyme 
(Table 4). 

Table 3 Effect of detergents on the purified thermophil-
ic fungal recombinant chitinase from S. cerevisiae

Detergent Relative activity (%)

Control 100 ± 0.1

Tween 80 (0.1%) 130 ± 0.4

Tween 80 (1%) 133 ± 1.3

Triton X-100 (0.1%) 132 ± 1.0

Triton X-100 (1%) 134 ± 1.0

CTAB (0.1%) 126 ± 0.6

CTAB (1%) 128 ± 0.8

SDS (0.1%) 95 ± 1.0

SDS (1%) 89 ± 0.4

Table 4 Effect of additives on the purified thermophilic 
fungal recombinant chitinase from S. cerevisiae

Additives Relative activity (%)

Control 100 ± 0.1

Urea (0.5 M) 95 ± 1.3

Urea (3 M) 60 ± 1.5

EDTA (1 mM) 92 ± 1.1

EDTA (10 mM) 90 ± 1.8

DTT (1 mM) 97 ± 0.9

DTT (10 mM) 90 ± 2.4

β-Mercaptoethanol (1  mM) 94 ± 0.8

β-Mercaptoethanol (10 mM) 80 ± 0.9

TLC analysis of chitin hydrolysis
On incubation with chitin, the recombinant chitinase re-
leased predominantly the dimer viz., the chitobiose, along 
with lesser amount of NAG, but on the other hand the  

 chitinase released predominantly the monomer, viz., 
NAG as the major product of hydrolysis. Two different sub-
strate sources viz. Himedia chitin (commercially available) 
and shrimp cell chitin (lab preparation from shrimp shell 
were used as the substrate for the mesophilic and thermo-
philic enzymes. Irrespective of the sources used, the results 
were same (Figs. 7.1 and 7.2).

Fig. 7 TLC analysis of the reaction products 
The reaction products of the mesophilic and thermophilic 
enzymes were separated on silica gel plates and the plates 
were developed as described in the text

Fig. 7.1 TLC of chitin hydrolysis by the recombinant chi-
tinase of T. lanuginous
A – Himedia Chitin B – Shrimp shell Chitin
Lane S: Standard [N-Acetyl glucosamine (NAG)]
Lane SB: Substrate blank
Lane EB: Enzyme blank
Lanes 1h-6h Tests -1h, 2h, 3h and 6h, respectively.

Fig. 7.2 TLC of chitin hydrolysis by chitinase of T. viride
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A – Himedia Chitin B – Shrimp shell Chitin
Lane S: Standard [N-Acetyl glucosamine (NAG)]
Lane SB: Substrate blank
Lane EB: Enzyme blank
Lanes 1h-6h Tests -1h, 2h, 3h and 6h, respectively.

Mass spectrometry and protein identification 
The homogeneous chitinase band obtained from the SDS 
polyacrylamide gel was excised and analyzed by mass spec-
trometry. Determination of molecular mass and identification 
of the chitinase was performed using MALDI-MS analysis. 
Peptide mass fingerprinting (PMF) spectrum was searched 
against NCBI non-redundant protein sequence database 
(NCBI-nr) using the MASCOT search engine. Five internal 
peptides were found to be identical in both the chitinases 
which are shown in bold. The mass spectroscopy analysis of 
the purified recombinant chitinase revealed that the protein 
is similar to an extracellular chitinase family 18 type of Bacil-
lus sp.  The matched peptides between the recombinant chi-
tinase and an extracellular chitinase from Bacillus sp. is shown 
in Fig. 8. 

1  MLNKFKFICC TLVIFLLLPL APFQAQAANN LGSK LLV-
GYW HNFDNGTGII

51  KLREVSPKWD VINVSFGETG GDRSTVVFSP VYGT-
DAEFKS DISYLKSKGK

101 KVVLSIGGQN GVVLLPDNAA KQRFINSIQS LIDKYG-
FDGI DIDLESGIYL

151 NGNDTNFKNP TTPQIVNLIS AIRTISDHYG PDFLLS-
MAPE TAYVQGGYSA

201 YGSIWGAYLP IIYGVKDKLT YIHVQHYNAG SGVGM-
DGNNY NQGTADYEVA

251 MADMLLHGFP VGGNANNMFP ALRSDQVMIG 
LPAAPEAAPS GGYISPTEMK

301 KALDYIIKGI PFGGKYKLSN ESGYPAFRGL MSWSIN-
WDAK NNFEFSNNYR

351 TYFDAIPLQK

Fig. 8 Peptide mass fingerprint data of the recombinant 
chitinase compared to that of matched peptides of Ba-
cillus cereus chitinase

(Protein sequence coverage is 41% and the matched pep-
tides are shown in bold).

Atomic force microscopy and surface topography of col-
loidal chitin with the purified chitinase
Atomic force microscopy (AFM) was utilized to detect the 
changes on the surface structure of the colloidal chitin af-
ter incubation with the enzyme for 60 min at 50 oC.  The 
AFM image of colloidal chitin before and after digestion 
with the enzyme is shown in Fig. 9. The average roughness 
and the root mean square roughness of the chitin before 
and after digestion were 0.34 and 0.44 and 0.89 and 1.13, 
respectively. About 3 fold increase in the roughness was 
observed after the digestion process.  Much smaller parti-
cles indicate the degradation of the chitin polymer. 

Fig. 9 Atomic force microscopic analysis of chitin hydrol-
ysis by the purified recombinant chitinase

A. 100 µl of 1% colloidal chitin
B. 100 µl of 1% colloidal chitin and 50 µl of purified chi-

tinase (87.27 U) after 60 min at 50o C

CD spectroscopic analysis of the purified recombinant 
chitinase
In order to find out the main contributory secondary struc-
tures for the thermostability of the thermophilic fungal re-
combinant chitinase, three different strategies were used. 
They were sequence based, structure based and CD spec-
troscopy based analyses. The UV-CD spectra of the native 
and denatured recombinant chitinases are illustrated in Fig. 
10. UV-CD spectroscopic analysis of the purified chitinase 
was calculated using K2D3 algorithm (Louis-Jeune, 2011). 
The native enzyme showed a distinct pattern of α-helix by 
two negative bands of similar magnitude at 208 and 222 
nm as compared to the standard spectrum of protein sec-
ondary structure (Greenfield, 2006).  Interestingly, the de-
natured chitinase showed stabilized structure by exhibiting 
typical spectrum of β-strands with a negative band be-
tween 210 and 220 nm.  The native enzyme contains 28% 
α-helix and 21.5% β-strands. On denaturation the chitinase 
have lost most of the α-helical structure (contains only 
9.0%)  but  an increased level of the β-pleated structure 
(31.2%). Thus, this thermal unfolding found to have a ma-
jor effect on the α-helical structure of the protein but not 
on the β-strands, which possibly plays an important role 
on the temperature stability of the thermostable chitinase 
at high temperatures. Secondary structure of the chitinase 
was also predicted based on sequence and 3D structure, 
using the bioinformatics tools such as SOPMA, DSSP and 
PDBsum. The  in silico predictions of the secondary struc-
ture ( α-helices and β-strands) of the chitinase were found 
to be closely similar to the experimental data (Table 5). 

Fig. 10 CD spectra of the purified recombinant chitinase

Table 5 Summary of secondary structure analysis of 
the thermophilic fungal recombinant chitinase, overex-
pressed in S. cerevisiae

Secondary 
structure

Method of Analysis

CD Spectros-
copy SOPMA DSSP PDBsum

α-helix (%) 28.04 33.07 33.5 32.7

β-strand (%) 21.48 21.71 17.4 17.4

Others (%) 50.48 45.22 49.1 49.9
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Discussion
As Saccharomyces cerevisiae comes under GRAS category 
of organisms, it is an ideal cloning host for expression of 
recombinant proteins especially for  food and pharmaceuti-
cal industries. Chitinases play an important role in produc-
tion of transgenic plants against fungal pathogens and in 
plant genetic engineering research. The chitinase gene 
of the thermophilic fungus, T. lanuginosus-RMB has been 
cloned and overexpressed in S. cerevisiae (Unpublished 
data from our lab). Very few fungal chitinases have been 
cloned and expressed in heterologous systems. Some of 
them are expressed in E. coli Kopparapu et al. 2012; Alias 
et al. 2009); Matroudi et al. 2008; Yu and Li, 2008; Ike et 
al. 2006; Hoell et al. 2005); some are in P. pastoris (Li et al. 
2010; Wang and Yang, 2009) and only a few are expressed 
in S. cerevisiae (Jinzhu et al. 2005).   The overexpression 
of the thermophilic fungal chitinase gene in S. cerevisiae 
and the properties of the recombinant chitinase have been 
already reported (Prasad and Palanivelu, 2012). For purifi-
cation of the recombinant chitinase, the yeast transformant 
YT5, harboring thermophilic fungal chitinase, was grown in 
one liter culture medium containing colloidal chitin as sole 
carbon source for 3 days. The enzyme was concentrated 
by ammonium sulphate precipitation and further purified 
to homogeneity by DEAE-Sepharose and phenyl agarose 
column chromatographic techniques. 

The ammonium sulphate precipitation (at 90% saturation) re-
sulted in the loss of 69% of the enzyme activity.  Similar loss 
(77%) was reported by Guo et al., (2008) when the native 
chitinase was subjected to ammonium sulphate precipitation 
(at 80% saturation). It is interesting to note that similar prob-
lem was encountered with a polygalacturonase (pectinase) 
from the same organism. In this case, the ammonium sul-
phate (at 80% saturation) inactivated 80-90% of the enzyme 
activity (unpublished data from our lab).  Both the enzymes 
act on similar polysaccharides and exhibit similar mode of 
action, (i.e.), releasing predominantly the dimer. Therefore, 
it is possible that higher concentrations of ammonium sul-
phate disrupt the ‘highly hydrophobic substrate binding 
pocket’ in both the enzymes and hence decrease the activ-
ity markedly. Since acetone precipitation also drastically in-
activated the enzyme (~73%), ammonium sulphate step was 
used as a cost effective step for concentration and subse-
quent purification of the enzyme to homogeneity.

The enzyme was purified 20 fold from the crude culture fil-
trate and the specific activity of the purified enzyme was 
69817 Units/mg with the overall recovery of 11%. The na-
tive chitinase from the same fungus was purified to 10.6 
fold with an overall recovery of only 1.4% and with the 
specific activity of 35.51 Units/mg (Guo et al. 2008). As 
the recombinant chitinase was overexpressed, the specific 
activity and the yield were very high in the present study. 
Hydrophobic interaction chromatography yielded homog-
enous enzymes in both the cases suggesting a strong hy-
drophobic interaction in both the native (Guo et al. 2008) 
and recombinant chitinases (present study). Two thermo-
philic fungal chitinases expressed in P. pastoris were also 
purified using the same strategy (Li et al. 2010).

Molecular mass of the purified N-Terminal truncated recom-
binant chitinase in SDS-PAGE was found to be ~39 kDa as 
compared to the native chitinase of T. lanuginosus SY2 which 
was reported to be a 48 kDa protein (Guo et al. 2008). How-
ever, the molecular mass from amino acid sequence of the 
putative protein was ~42 kDa. The discrepancy observed in 
SDS-PAGE may be due to the compact nature of the highly 
hydrophobic, thermostable, thermophilic fungal protein after 

purification.  Most of the fungal chitinases had been reported 
in the molecular range of 44 – 48 kDa (Li et al. 2010). The 
mass spectroscopy analysis of the purified recombinant chi-
tinase revealed that the protein is similar to an extracellular 
chitinase family 18 type of Bacillus sp. The MASCOT search 
did not pick up any fungal chitinases probably due to non 
availability of such data in the database. The catalytic region 
peptides that are matched in MASCOT, slightly differs in both 
the fungal and bacterial chitinases, e.g., DGI DID LES GIYL 
(in B. cereus) and DGL DID WEY PQDD (in T. lanuginosus). 
Interestingly both the chitinases use an E as the proton donor 
in catalysis (marked in italics). The substrate binding region is 
also highly conserved in both the chitinases, e.g., KVVLSIG-
GQ (in B. cereus) and  KVLLSIGGW in T. lanuginosus. Howev-
er, the MASCOT search did not pick up any fungal chitinases 
probably due to non availability of such data in the database. 

To observe the topological changes on the surface of chi-
tin during digestion, the colloidal chitin was incubated with 
the purified recombinant chitinase and the chitin surface 
was analyzed using AFM. Marked changes in the topology 
were observed on the chitin and the chitin was degraded 
to much smaller chain lengths. Similar experiments with 
Streptomyces chitinase, after incubation for 7 days with 
shrimp shell chitin, showed significant changes on surface 
structure of the chitin (Hoang et al. 2011).

The optimum pH for the chitinase activity was found to be 
6.0 and the enzyme displayed more stable activity in acidic 
conditions rather than in the alkaline conditions. The chitinase 
activity was found to be active in the range of pH 4.5 to 
6.5. However, the optimum pH of the native chitinase from 
T. lanuginosus SY2 was found to be 4.5 (Guo et al. 2008).  
These findings were in close agreement to other fungal chi-
tinases which are optimally active in the acidic ranges (Hoell 
et al. 2005; Li Duo- Chuan, 2006). The two thermophilic fun-
gal chitinases viz., from Thermoascus auranticus and Chaeto-
mium thermophilum, expressed in P. pastoris, were optimally 
active at pH values 8.0 and 5.0, respectively (Li et al. 2010). 
A recombinant enzyme from Trichoderma sp. expressed in E. 
coli was optimally active at pH 7.0 (Yu and Li, 2008). A Bacil-
lus licheniformis chitinase expressed in E.  coli, was optimally 
active at pH 6.0 (Songsiriritthigul et al. 2010). 

The optimum temperature for the recombinant chitinase 
was found to be 60 oC, whereas the native chitinase was 
optimally active at 55 oC (Guo et al. 2008).  The P. ther-
mophila enzyme expressed in E. coli was optimally active 
at 50 oC (Kopparapu et al. 2010). The recombinant chi-
tinase from T. virens UKM-1 expressed in E. coli showed an 
optimum temperature of 50 oC at a pH of 6.0 (Alias et al. 
2009). An endochitinase from a Trichoderma sp. expressed 
in E. coli BL 21 showed an optimum temperature of 35 
oC and at pH  (Yu and Li 2008). The C. cuprum chitinase, 
expressed in P. pastoris was optimally active an optimum 
temperature of 45 oC and at a pH of 5.8. The two novel 
thermophilic fungal chitinases expressed again in P. pasto-
ris exhibited optimum temperatures of 50 oC and 60 oC.

The native and recombinant chitinases of T. lanuginosus 
exhibited high thermal stability which is important for in-
dustrial processing of chitins at high temperatures (Guo 
et al. 2008). The recombinant chitinase was found to be 
markedly stable and retained more than 80% of the ac-
tivity at 50 ˚C even after 3 h. The recombinant  chitinas-
es from the thermophilic fungi viz., T. aurantiacus  and C. 
thermophilum, which were expressed in P. pastoris were 
also found to be quite stable as expected, for example 
~ 95% of the activity was retained after 60 min at 50 oC 
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and ~97% of the activity was retained at 60 ˚C after 60 min, 
respectively (Li et el. 2010). McCormack et al. (1991) reported 
that a chitinase from Taleromyces emersonii showed optimum 
activity at 65 ˚C and the half-life of the enzyme was 20 min at 
70 ˚C.  The KM and Vmax values for the recombinant chitinase 
were 0.66 mM and 81.6 moles/min/mg protein, respectively.  
A lower KM and higher Vmax of the recombinant chitinase sug-
gested that the purified enzyme has higher affinity for its sub-
strate and a faster conversion rate.  A B. licheniformis chitinase 
expressed in E. coli showed a KM value of 0.03 mM with the 
Vmax of 0.28 mM/min (Songsiriritthigul et al. 2010).

Out of the various metal ions and reagents analyzed on the ac-
tivity of the purified recombinant chitinase indicates that some 
of the divalent metal ions significantly increased the enzyme 
activity. Similar to present study, Ca2+ enhanced the native chi-
tinase activity of T. lanuginosus SY2 (Guo et al. 2008), Tricho-
derma virens chitinase expressed in E. coli, (Alias et al. 2009) 
and a bacterial chitinase, from Streptomyces roseolus (Jiang et 
al. 2012). Cu2+ and Zn2+ decreased the native chitinase activ-
ity to 4.97% and 39.5% at 50 mM, respectively and also  the 
recombinant chitinase activities  expressed in P. pastoris (Wang 
and Yang, 2009), whereas in contrast these metal ions en-
hanced the recombinant chitinase activity (present study). The 
inhibition of chitinase activity by Cu2+ was also reported for S. 
roseolus chitinase (Jiang et al. 2012). Trichoderma sp. chitinase 
showed enhanced activity with Cu2+  and  decreased activity 
with Ca2+ and Zn2+ (Yu and Li, 2008).  The native chitinase from 
T. lanuginosus SY2, was completely inhibited by Ag+ (50 mM) 
(Guo et al. 2008), but in the present investigation, 33% of the 
recombinant chitinase activity was inhibited at 10 mM.

The recombinant chitinase showed enhanced activity (20%- 
30%) with the detergents like Tween 80, Triton X-100 and 
CTAB. The enhanced activity of the enzyme with the de-
tergents could be due to greater accessibility and solubil-
ity of the substrate. The chitinase of T. virens UKM-1, Ech1 
showed only 60% of activity with 1% Triton X-100 (Alias 
et al.2009). The recombinant enzyme was strongly inhib-
ited by SDS (1%) like Paecilomyces thermophila chitinase, 
(Kopparapu et al. 2012) but the T. lanuginosus SY2 native 
chitinase, showed 73% of the activity (Guo et al. 2008). In 
contrast to the property of the native chitinase of T. lanugi-
nosus SY2, the recombinant chitinase retained about 90% 
of the activity in the presence of 10 mM of EDTA. Urea at 
3.0 M strongly inhibited (40%) the recombinant enzyme 
whereas the native chitinase was also inhibited by about 
50% (Guo et al. 2008).  Similar to the thermostable chi-
tinase of Thermococcus chitonophagus, Chi70 (Androno-
poulou and Vorgias, 2003), β-mercaptoethanol and dithio-
threitol did not show any significant effect on the recombinant 
chitinase. Overproduction of the enzyme in S. cerevisiae, rela-
tive thermal and pH stability, stability of the enzyme activity in 
the presence of reducing agents, EDTA and detergents make 
this enzyme an ideal choice for industrial processing of chitin.

Efficient hydrolysis of native chitins from two different sources by 
the recombinant chitinase and releasing the chitobiose  as the 
major product of hydrolysis suggests that this enzyme could be 
used for bioconversion of chitin wastes at elevated tempera-
tures. Other thermostable chitinases from the thermophilic fungi 
viz. Thermoascus aurantiacus, Chaetomium thermophilum and 
Paecilomyces thermophila were also predominantly produced 
chitobiose from chitin (Li et al. 2010; Kopparapu et al. 2012).

It is clear from the CD spectra of the native and denatured 
chitinase that the B strands are the stabilizing factors of 
the chitinase, as they are seen even after denaturation at 
100o C whereas, the α- helices collapsed at that tempera-

ture.  It is interesting to note that the conserved catalytic 
residues, typical of the GH18 family chitinases were found 
in the β-strand regions of the recombinant chitinase which 
explains their activity at high temperatures.

In recent years fungal chitinases have attracted worldwide in-
terests due to their great potential for multiple industrial ap-
plications, including bioconversion of chitin waste, an abun-
dant biopolymer from crustacean food industry. However, the 
yield of this enzyme from naturally occurring microorganisms 
is often too low and does not satisfy the requirements for 
large scale industrial production.  In the present study it is 
clear that the overexpressed thermophilic fungal recombinant 
chitinase can be easily purified with a single column chroma-
tography and could be used for bioconversion of chitin waste 
and industrial production of chito-oligosaccharides. 
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