04s.0
H39 2

SUCROSE AND STARCH METABOLISM IN LEAVES, STORAGE QORGANS
AND DEVELOPING FRUITS OF HIGHER PLANTS

by

John Seth Hawker
B.Sc. Hons (Adel.) and Ph.D. (Adel.)

A thesis submitted for the Degree of Doctor of Science to
The University of Adelaide

1988




v

R P

B

(iv)

CONTENTS.
PREFACE +svveecceccnocscnnannnns Pre s e s s et st st e, PO i
ACKNOWLEDGEMENTS . v v v vesreevenssnsanosonannnnnnn - & 1
STATEMENT...oceeraeeaans v st srae s usees et e e an iii
SUMMARY . s vuvresnsasstosnencnanascanansanas N |
INDEX TO PUBLICATIONS . v veerveaosaaasesancnnsnonsosnnnssasssasnnsss 12

SECTION I. THE CONTENT AND METABOLISM OF SUCROSE, AND
ENZYMES OF SUCROSE METABOLISM.....vecevecneavanes ceemneal2

A. Sucrose Content and Metabolism in Higher Plants,
{4 publications)

B. Sucrose Transport in Higher Plants. (4 publications)

C. Invertases in Higher Plants. (9 publications)
D. Sucrose Synthase, Sucrose Phosphate Synthase and

Sucrose Phosphatase in Higher Plants. (10 publications)

E. Reviews of Sucrose. (2 publications)

SECTION ITX. THE METABOLISM AND ENZYMES OF STARCH SYNTHESIS.........14

A, Starch Synthases. : (8 publications)
B. Enzymes of Starch Synthesis. (9 publications)
C. Effects of Salts and Temperature on Enzymes of

Starch Synthesis. (4 publications)

SECTION III. FRUIT DEVELOPMENT, PLANT CARBCHYDRATES AND DRIED FRUIT
. rresenesald

A. The Development of Grape Berries. (7 publications)
B, Carbchydrate Metabolism. (5 publications)
C. Dried FPruit Composition. (4 publications)
D. Dried Fruit Quality. {3 publications)
SECTION IV, MISCELLANEOUS . . v.i et sancnceacnanensnn S et rrr et ea e 18
A. Latex Containing Plants. {3 publications)
B. Miscellaneous. (3 publications)
C. Short Proceedings.
PUBLICATIONS...... trererrasasenaenonas sm e s r st eetesrranaansanana .20

{The publications within each sub-section follow a sub-
sectional title page).




SUMMARY . § Lt 2
S
General. e
Sucrose and starch are the two most prevalent formgﬁ;qf
e
carbohydrate used as food by man, the gquantities consumed annuggiy

8 . .
being about 1 x 108 tonnes and 7 x 10  tonnes respectively. The aim

of the research described in the thesis was to contribute to the
understanding of the regulation of the synthesis and storage of these
carbohydrates by plants with the hope that knowledge will eventually
P lead to increasing the yield and/or efficiency of production by
agricultural, chemical or biotechnological means. A  natural
extension of the work was to study the development and biochemistry
of storage organs of plants (fruit) and this led also to some work on
food quality of processed fruit. With threats of liguid fuel
shortages, conversion of carbohydrates to alecohols has gained
attention and production of liguid fuels from sugar, starch and latex
plants is an area of research which shows fluctuating popularity.
N Whether or not liquid fuel production from plants ever becomes an
economic proposition and thereby an added bonus to any improvement in
crop production, increased yields of even small percentages would be
of great benefit to wmankind in view of the huge amount of

carbohydrate used as food.

The discovery, paftial purification and study of the properties
of sucrose phosphatase was a major achievement and work on this
enzyme which is certainly vital for sucrose synthesis and possibly
involved in sucrose transport across membranes has continued over the
years. The enzymic pathways of sucrose synthesisg and breakdown, and

the movement of sucrose into storage cells has been another major

>

- - contribution of my work. -Starch synthesis and its regulation has
also been studied in many plants and my particular contributions have
been the descpiption of starch synthesis in the absence of added
primer in vitro and the synthesis of starch in cassava (tapioca) gﬁd

fruit. The demonstration of the hastening of r;pening of grapes by

chemical means may have an important practical application in
viticulture while other work has resulted in the patenting of an

inexpensive rapid method for testing the quality of dried vine fruit.
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