The Saccharomyces cerevisiae
chitinase, encoded by the CTS7-2 gene,
as an antifungal and biocontrol agent

by

Maryke Carstens

Thesis presented in partial fulfilment of the requirements for the
degree of Master of Agricultural Science at Stellenbosch University

March 2002

Supervisor:
Dr. M.A. Vivier

Co-supervisors:
Prof. I.S. Pretorius
Dr. P. van Rensburg




Stellenbosch University http://scholar.sun.ac.za

DECLARATION

I, the undersigned, hereby declare that the work contained in this thesis is my own original
work and that | have not previously in its entire or in part submitted it at any university for a
d‘egree.

Mayyke\Uarstens



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za



Stellenbosch University http://scholar.sun.ac.za

9
LITERATURE REVIEW

2.1, INTRODUCTION

Chitin is an abundant natural resource obtained from marine invertebrates, insects, algae
and fungi; in the latter it comprises between 22% and 44% of the fungal cell wall
(Muzzarelli et al., 1994). The complete enzymatic hydrolysis of chitin to subsequently free
N-acteylglucosamine (GlcNAc) residues is performed by a chitinolytic system involving
chitinases, the action of which is known to be synergistic and consecutive (Shaikh and
Deshpande, 1993). Chitinases are abundant proteins produced by a variety of
microorganisms and plants (Blaak and Schrempf, 1995). Most of the microbial producers
also contain chitin in their backbone. Plants, however, produce chitinases, but lack the
chitin polymer in the plant body.

Chitinases synthesised by organisms have various functions, each uniquely adapted to
the specific producer organism. In the yeast Saccharomyces cerevisiae, chitinases play a
role in cell separation and cell division (Kuranda and Robbins, 1991). In other
microorganisms, specifically fungi, chitinases are involved in morphogenesis (Sahai and
Manocha, 1993), whereas in bacteria they play roles in nutrition and parasitism (Cohen-
Kupiec and Chet, 1998). Several species of fungi are very potent biocontrol agents of
plant pathogenic fungi and insects. These entomopathogenic and mycoparasitic fungi
produce chitinases for the invasion of hyphae and the killing of host cells (Kang et al.,
1998). Chitinases also have been found to be involved in the defence mechanisms of
plants and vertebrates (Felse and Panda, 1999; Patil et al., 2000). In many plant species,
the invasion of a pathogen induces the production of a specific group of proteins,
designated pathogenesis-related (PR) proteins, which include chitinases, f-1,3-
glucanases, proteinases, etc. (Kombrink and Somssich, 1995) as part of their defence
response. The fact that pathogenic fungi contain chitin in their cell walls and that plant
chitinases are induced upon pathogen attack, have confirmed chitinases and other PR
proteins as integral and crucial parts of the plants' natural defence response (Cohen-
Kupiec and Chet, 1998; Felse and Panda, 1999; Patil et al., 2000).

Agricultural crops world-wide suffer from a vast array of fungal diseases. This leads to
severe yield losses and can consequently contribute to human anguish. The high cost of
chemicals and growing concern about the environment are encouraging farmers and
researchers to look for alternative means to control diseases, other than the use of
chemicals (Schickler and Chet, 1997). Alternatives include the use of biological control
agents and the genetic improvement of transgenic crop plants through transformation
technology to upregulate the plant’s natural defence mechanisms. The significant roles of
chitinases in natural biocontrol agents and plant defence systems have already been
mentioned and motivated. In this review, attention has been focused on some general
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