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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

The functions of chitinases based on their gene expressions and enzymatic activities in
Physcomitrella patens

Name: Saki Kobaru

This thesis comprises 6 Chapters. Chitinase catalyzes the hydrolysis of chitin, which is a B-1,
4-linked homopolymer of N-acetylglucosamine. Most plants have chitinases that may be involved in the
interaction between plants and microbes which produce chitin and chitin-related compounds. In this
thesis, the role of plant chitinases in defense system is discussed based on gene expression and
enzymatic characteristics of the chitinases derived from a moss plant Physcomitrella patens.

Chapter 1 gives a general introduction of structure and function of plant chitinases.

Chapter 2 states the expression analysis of genes of chitinase and of chitin elicitor receptor kinase
(CERK). The candidate genes of ten chitinases and two CERK were found on the genome of P. patens in
NCBI database. Reverse transcription-real time quantitative PCR analysis revealed the significant
expression of six genes of chitinase and two genes of CERK. Transcription level was upregulated or
downregulated by chitin oligosaccharide treatment and their expression profiles correlated with the class
of chitinase.

Chapter 3 describes cloning of the chitinase genes of P. patens. The PCR products were cloned and
sequenced. Finally, the cDNA sequences of the six chitinases of P. patens, PpChi-la, PpChi-Ib,
PpChi-Ila, PpChi-IIc, PpChi-IVand PpChi-Vb, were decided.

Chapter 4 states the construction of expression systems and of purification methods for the
recombinant PpChis. The heterologous expression and isolation of recombinant PpChis were successful
in three, PpChi-Ia, PpChi-IV and PpChi-Vb, out of six chitinases. The molecular mass of recombinant
PpChis were calculated from the result of SDS-PAGE, PpChi-la, PpChi-IV and PpChi-Vb were 29 kDa,
34 kDa and 38 kDa, respectively.

Chapter 5 reports the biochemical properties of recombinant PpChis. The optimum pH and
temperature were pH 4.0—pH 5.0 and 60°C, respectively. PpChi-la and Vb were stable between pH 3.0
and pH 10.0, and PpChi-IV was stable between pH 5.0 and pH 10.0. Temperature stability ranges of
PpChis were up to 50°C. Class IV chitinase exhibited high activity against low molecular substrate,
whereas Class I and class V chitinases showed high activity against the polymer substrate. Class V
chitinase showed transglycosylation activity. The antifungal activity of PpChi-la, PpChi-IV and
PpChi-Vb were determined using the hyphal extension inhibition assay on agar plates with Trichoderma
viride as the test fungus. PpChi-Ia inhibited hyphal extension, but PpChi-IV and PpChi-Vb did not.

Chapter 6 summarizes the presented results and gives discussion on the function of chitinases in the
plant defense system. Combining the findings with gene expression patterns, oligosaccharide
degradation patterns and antifungal abilities of PpChis, the roles of each class of chitinase and a CERK
in plant defense system were expected to be as follows; when fungal hyphae invade intercellular space of
its host plant, chitin oligomers (longer than tetramer) are released from fungal cell walls by
constitutively expressed class II chitinase. Then, the chitin oligomers are recognized as elicitors by
CERK, and the signal from CERK causes expression of the defense-related genes including class I
chitinase. The class I chitinase having antifungal ability directly prevents fungal invasion by degrading
cell wall chitin. The class IV chitinase, expressed at late stages of fungal invasion, degrades the chitin
elicitors resulting in repression of the defense response of the plant.



