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of wheat and sorghum: indirect evidence through its regulation
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Abstract The path of carbon from sucrose to
starch in developing grains appears to be different
in wheat (Triticum aestivum) and sorghum (Sor-
ghum bicolor). In this paper we present indirect
evidence in support of this hypothesis. Detached
ears, carrying actively metabolising grains, were
cultured in complete liquid media manipulated with
respect to inorganic phosphates and organic acids.
14C-incorporation studies indicated a higher level of
metabolism of sucrose before starch formation in
sorghum grain as compared to that in wheat grain.
Starch and protein contents drastically decreased in
sorghum grain in response to exogenously-supplied
inorganic phosphate and inorganic pyrophosphate.
In contrast, these inorganic phosphates had no such
effect on starch and protein accumulation in wheat
grain. o-ketoglutarate and citrate in sucrose-free
culture medium increased the starch content of
wheat grain. Conversely, these organic acids mark-
edly decreased the starch content of sorghum grain.
This difference in the response of wheat and sor-
ghum grains to inorganic phosphates and organic
acids leads us to suggest that whereas triose phos-
phates act as precursors of starch in sorghum grain,
hexose phosphates and/or adenosine 5’-diphospho-
glucose may act as direct precursors of starch in
wheat grain. This hypothesis is supported by the
observation of higher specific activities of some
selected glycolytic enzymes, such as phosphoglucoi-
somerase, ATP-dependent phosphofructokinase,
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fructose 1,6-bisphosphate aldolase, and triose phos-
phate isomerase in sorghum grain as compared to
those in wheat grain.
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INTRODUCTION

In the past, three types of sugar metabolites have
been proposed to enter amyloplasts and to serve as
precursors of starch synthesis. In the 1980s, triose
phosphates, in analogy with chloroplasts, were
thought to enter amyloplasts of non-photosynthetic
tissues in diverse species such as soybean
(MacDonald & apRees 1983), potato tubers
(Mohabir & John 1988), maize (Liu & Shannon
1981; Echeverria et al. 1988), and rice (Nakamura
et al. 1989) endosperms. Towards the end of the
same decade and in the early 1990s another hypoth-
esis emerged which emphasised a direct entry of
hexose phosphates into amyloplasts for its subse-
quent use in starch synthesis in Chenopodium
rubrum cells, potato tubers, faba bean, maize, and
wheat (Triticum aestivum) endosperms (Keeling et
al. 1988; Hatzfeld & Stitt 1990; Viola et al. 1991).
The specificity of hexose phosphate for transfer
differs with the source of amyloplasts, e.g., glucose—
1-phosphate in wheat grains (Tyson & apRees 1988;
Tetlow et al. 1994), potato tubers (Kosegarten &
Mengel 1994) and glucose—6-phosphate in pea
embryos (Hill & Smith 1991), pea roots (Borchert
et al. 1993), and cauliflower buds (Neuhaus et al.
1993). The third possible route involving transfer of
adenosine 5’-diphosphogiucose (ADPG) across
amyloplast was suggested in cultured sycamore cells
(Pozueta-Romero et al. 1991). The nature of starch
biosynthetic pathway in non-photosynthetic starch-
storing organs has also recently been reviewed by
Smith et al. (1995). The great deal of confusion re-
garding the type of sugar metabolite entering the
amyloplast is probably because of: (1) the difficult
procedure of isolation of intact amyloplasts; and (2)






