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Abstract

Ascorbate (Asc, Vitamin C) is a ubiquitous and abundant antioxidant in plants.
The biological role of Asc is composed of the following three functions: as an
antioxidant (radical scavenger), an enzyme cofactor and a donor/acceptor in
electron transport across membranes. This present research was focussed on
the additional, less comprehensively investigated function of Asc as a precursor
of tartaric acid (TA) and oxalic acid (OA) in certain species. Although the in
planta function of TA is unclear, it is well known as the dominant organic acid in
grape (Vitis vinifera) berries. TA is therefore largely responsible for the low berry
pH, whereas in other fruits, the majority of the acidity is conferred by malic, citric
and ascorbic acids. Earlier research investigating the Asc-derived TA
biosynthetic pathway revealed several intermediates and one characterised
enzyme. Research investigating metabolism of the Asc precursor in TA and OA
accumulating plant species is now required. The aim of this present research
was to therefore investigate the factors which may regulate the accumulation of
Asc and those which in turn regulate the fate of Asc in fruit.

Sensitive methods were developed for the extraction and analysis of Asc, TA
and OA from vegetative and fruit tissues. These methods were used to
demonstrate that Asc and its catabolites are widely distributed throughout the
grapevine; however, the total Asc pool and the Asc to dehydroascorbic acid
(DHA) ratio were shown to be significantly greater in leaves than berries at all
physiological stages of maturity. This research further demonstrated that

immature grape berries rapidly accumulate Asc in situ from D-mannose and L-



galactose (precursors of the Smirnoff-Wheeler Asc biosynthetic pathway).
Developmental regulation of Asc biosynthetic, recycling (redox) and catabolic
genes were demonstrated in grape berries. The gene transcription results of
this study strongly suggested that Asc biosynthesis in immature berries is
supported by the Smirnoff-Wheeler biosynthetic pathway whilst the alternative
‘carbon-salvage’ pathway of Asc biosynthesis supports post-veraison
accumulation of Asc. A positive correlation between the developmental
accumulation of Asc and TA was observed and the capacity for in situ Asc
catabolism in immature berries, generating both TA and OA products, was
directly demonstrated. The accumulation of Asc and TA was shown to be
influenced by sunlight intensity and, putative light-responsive Asc biosynthetic
and recycling genes were identified. The results also demonstrated that OA
accumulates in berries independent of sunlight intensity. The outcomes of this
research strongly suggested that TA biosynthesis is regulated by the availability
of its precursor Asc; however, it is unlikely that the biosynthesis of OA is
dependent on the availability of Asc. In conclusion, the results of this present
study highlighted that both developmental and environmental factors influence
transcription of Asc metabolic genes and the accumulation of Asc. Furthermore,
these factors also influence the fate of Asc in grape berries. The low levels of
accumulated Asc detected in the fruit at all stages of maturity are therefore
likely to be the result of catabolism rather than a low biosynthetic capacity. The
implications of Asc catabolism and the accumulation of TA and OA products on

fruit growth and development are discussed.



Declaration

This work contains no material which has been accepted for the award of any
other degree or diploma in any university or other tertiary institution and, to the
best of my knowledge and belief, contains no material previously published or
written by another person, except where due reference has been made in the

text.

| give consent to this copy of my thesis when deposited in the University Library,
being available for loan and photocopying, subject to the provisions of the

Copyright Act 1968.

The author acknowledges that copyright of published works contained within

this thesis (as listed below-p8) resides with the copyright holder of those works.

| also give permission of the digital version of my thesis to be made available on
the web, via the University’s digital research repository, the Library catalogue,
the Australasian Digital Theses Program (ADTP) and also through web search
engines, unless permission has been granted by the University to restrict

access for a period of time.

Vanessa Melino



Statement of the contributions of jointly authored papers

1. Melino, V. J., Soole, K. L. and Ford, C.M. A method for determination of
fruit-derived ascorbic, tartaric, oxalic and malic acids and its application to the
study of ascorbic acid catabolism in grapevines. Australian Journal of Grape

and Wine Research, Jul 21 2009, 10.1111/j.1755-0238.2009.00062.x.

Author Contributions: VJIM designed and conducted all research
experiments, analysed the data, and drafted/constructed the manuscript.
CMF supervised all research. CMF and KLS contributed to the research

ideas and design, and the editing of the manuscript.

2. Melino, V. J., Soole, K. L. and Ford, C.M. Ascorbate metabolism and the

developmental demand for synthesis of tartaric and oxalic acids. Manuscript

resubmitted to BMC Plant Biology on the 17™ of August 2009.

Author Contributions: VJM designed and conducted all research
experiments, analysed the data, and drafted/constructed the manuscript.
CMF supervised all research. CMF and KLS contributed to the research

ideas and design, and the editing of the manuscript.

3. Melino, V. J., Hayes, M. A., Soole, K. L. and Ford, C. M. Light-mediated

regulation of ascorbate metabolism during berry development in the cultivated



grapevine Vitis vinifera L. Manuscript submitted to the Journal of the Science of

Food and Agriculture, 20™ June 2009.

Author Contributions: VJM designed and conducted all research
experiments except those designed and conducted by MHA. MHA
designed the artificial-shading experiment and conducted sampling of
grapes for season 1 and assisted with sampling for season 2. VIJM
analysed the data and drafted/constructed the manuscript. CMF
supervised all research. MHA, CMF and KLS contributed to the research

ideas, and the editing of the manuscript.

Each of these manuscripts are displayed in this thesis in either their submitted

or published forms according to the author guidelines of the specific journal.
The following authors agree that the Statement of the contributions of jointly
authored papers accurately describes their contribution to research manuscripts

1., 2. and 3. and give consent to their inclusion in this thesis.

Melino, V.J.

Ford, C.M.

Soole, K.L.

Hayes, M.A.




Acknowledgements

| wish to acknowledge my supervisor Dr Chris Ford for his guidance and
encouragement throughout my PhD, and for always finding the time to meet
and discuss my research and a range of other completely unrelated humorous
topics. | would also like to thank Chris for his thorough and rapid editing of this
thesis, and for his relentless attempts to teach me grammar. | wish also to
acknowledge my co-supervisor Associate Professor Dr Kathleen Soole for her
continued guidance and interest in my research.

A special thank you to all of my lab colleagues, each of whom made work a fun,
laughter-filled environment, and who were always willing to provide advice and
assistance with my research. These members include Crista Burbidge, Crystal
Sweetman, Dr Matthew Hayes, Venetia Joscelyne and Dr Tricia Franks. | would
like to acknowledge Crista for kindly providing me with some re-drawn figures in
chapter 1. | would also like to acknowledge all of those colleagues from the
PRC who were always on-hand to provide some research advice or some
company over morning tea. Special thanks to the following viticulture and
molecular gurus: Dr Megan Shelden, Dr Cassandra Collins and Dr Rebecca
Vandeleur.

| wish to acknowledge my family: Fran, Frank, Danni and Matt for their support
and encouragement throughout these long PhD years. Thank you to my
relatives and friends for taking an interest in my research and for providing me
with thesis-distractions. Finally, | wish to thank my fiancé Peter Kretschmer for

his constant support, love, patience and encouragement.

10



	TITLE: Ascorbate metabolism in grape berries during development
	Table of Contents
	Abstract
	Declaration
	Statement of the contributions of jointly authored papers
	Acknowledgements


