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Abstract: Currently various plates methods are available for the determination of chitinase 
activity which differs in their cost, sensitivity, specificity and reproducibility. All these methods 
either relies on the release of reducing sugar from chitin analogs or synthetic moieties 4-
methylumbelliferyl linked or para-nitrophenol from there derivatives. In present study plate based 
assays have been developed for the detection of total and specific activity of chitinases which are 
both economic, specific, fast and reproducible than previous methods.  
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Introduction 
Chitin one of the most abundant carbohydrate of ecosystem after cellulose (Schickler et al., 1998) 
is composed of β-(1–4) linked N-acetyl-D-glucosamine units. Chitin is degraded in two steps 
where hydrolysis by endochitinase (EC 3.2.1.14) releases oligomers and consecutive hydrolysis 
of these fragments through exochitinases (EC 3.2.1.30) leads to monomer units of N-acetyl-
glucosamine. The chitin hydrolyzing enzymes have immense potentials (Miller et al. 1998; 
Gooday 1999; Neetu et al. 2006) in agricultural and other industrial sectors (Hamid et al., 2013). 
These enzymes have been explored from a wide range of microbes (Park et al. 1997), human 
(Donnelly et al. 2005), and animals (Kasprzewska 2003). The chitinases are divided into families 
18, 19 and 20 of glycosyl hydrolases family based on amino acid sequence similarity (Henrissat 
and Bairoch 1993; Neetu et al. 2006) and their mode of action. A number of natural and synthetic 
substrates based methods are available for the determination of chitinase activity which differs in 
their water solubility, specificity and sensitivity of detection (Tronsmo and Harman 1993; Howard 
et al. 2003; Ajit et al. 2006). Using natural substrates or derived from natural one, the detection of 

Indian Journal of Applied Microbiology 
ISSN (Online): 2454-289X, ISSN (Print): 2249-8400 
Copyright © 2015 IJAM, Chennai, India Volume 18 Number 2 

July - December 2015, pp. 1-6 

mailto:ankvivek@gmail.com�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kasprzewska%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12949620�


2  VIVEK SHARMA AND RICHA SALWAN 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 18 No. 2 July- Dec. 2015 

enzyme activity relies on chemical redox reaction (Trudel and Asselin, 1989:Ferrari et al. 2014) 
whereas in synthetic substrates release of attaching moiety like p-nitrophenol or umbelliferyl 
(Fig.1) (Sharma & Shanmugam, 2012). 

Here in this study, the total and specific chitinolytic activity of Trichoderma isolates was assessed 
by modified plate assays. For total chitinase activity, the colloidal chitin was prepared by 
digesting chitin (Sigma) for 1 h with concentrated hydrochloric acid at 4ºC as described by 
(Berger and Reynolds 1958). The digested chitin was washed repeatedly with distilled water to 
adjust the pH to 7.0. The chitin suspension was centrifuged and the collected pellet was 
resuspended in water. The large particles were removed from the colloidal chitin prepared after 
resuspension and filtration. The resulting colloidal solution was used in the preparation of the 
chitin agar plates. The inoculated plates were incubated at 28±2ºC for 2-3 days and chitinase 
(whole) activity was visualized by flooding the plates with Gram′s iodine solution as descri bed by 
Kasana et al. 2008. Whole chitinase activity was visualized by the formation of clear zone against 
a brownish background (Fig. 1). 

For specific determination of chitinases on plates, methylumbelliferyl (MUF)-labelled, 
fluorogenic chitin analogs were used. For plate assay, the fluorescent synthetic substrates analogs 
4-methylumbelliferyl N-acetyl-D-glucosaminide (4MU-GlcNAc), 4-methylumbelliferyl β-D-
N,N’-diacetylchitobioside (MUF-diNAG) and 4-methylumbelliferyl- β-D-N,N’,N’’-
triacetylchitotrioside (MUF-tri- NAG) were added to (0.5-0.2 mg/ml) into pre-melted 1% agarose 
containing 100 mM sodium acetate buffer with pH 5-6.0. After solidification of the media, 
mycelial bit of each fungal isolates was inoculated into plates and incubated at 28ºC for 3-5 h 
chitinase activity. The chitinase activity is visualized by the formation of fluorescent zone when 
observed under UV light after 30-60 min (Fig. 1C-E). 

The screening of total chitinase activity on plates flooded with Gram iodine method is distinct, 
clear, where enzyme activity is visible around the colony through prominent zones of clearance 
(Fig. 1B) against dark brown background. 

Fig. 1 Plate assay for the detection of total chitinase using (I) using chitin agar (A) and Gram 
iodine solution (B). A distinct zone of activity is observed compared to diffusible activity on 
chitin agar plates.  Detection of specific  activity of Trichoderma harzianum isolates using 4-
methylmbelliferyl (MU) linked substrates.   The enzyme activity is visualised by the release of 4-
methylmbelliferyl (MU) from respective substrates. C represents endochitinase activity using 
[4MU-(GlcNAc)3] whereas D and E represents chitobiosidase and N-acetylglucosaminindase 
activity using 4MU- -(GlcNAc)2 and 4MU- -GlcNAc respectively. Co- represents blank where no 
mycelial bit was inoculated. 

Fig. 2 In gel detection of  endochitinases, chitonbiosidase and  N-acetyl glucosaminidase isoforms 
using 4-methylmbelliferyl (MU) based substrates  such as 4-Methylumbelliferyl N-acetyl-D-
glucosaminide [4MU- -GlcNAc], 4-methylumbelliferyl- -D-N,’N’’ diacetylchitobioside (4MU- -
(GlcNAc)2], and 4-methylumbelliferyl-D-N’,N’’,N’’’-triacetyl-chitotrioside [4MU-(GlcNAc)3] 
respectively. Arrow indicates the isoforms of different chitinases. 
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This assay is better, reproducible and economical than zone formation on chitin agar  (Fig.1A) 
(Ajit et al. 2006). The synthetic substrates like 4-methylmbelliferyl (MU) linked substrates are 
used mostly for the determination of chitinases and their isoforms based using zymographic 
techniques (Fig. 2) (Tronsmo and Harman 1993). Alternatively, activity can be quantified with 
spectrophotometric or fluorometric assays (Carsolio et al. 1994; Omero et al. 2001). These 
synthetic substrates have been used for environmental samples or bacterial colonies screening by 
spraying the plate (Cottrell et al. 1999). The 4-methylmbelliferyl (MU) linked substrates are far 
sensitive, accurate and time saving for both quantitative and qualitative assay as well as isozyme 
detection (O’Brien and Colwell 1987; Jennifer et al. 2005; Tronsmo and Harman 1993; Miller et 
al, 1998). The present methods used in this study are reproducible, fast, and far more sensitive for 
screening of microbes for total and specific chitinases than previously described methods.  
Further using synthetic substrates the activity can be visualized in real time after a brief 
incubation period of 2-3 h. 
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