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Starch Synthesis."
Starch is synthesized from fructose-6-phosphate supplied from the Calvin Cycle. It
is first converted to glucose-6-phosphate, then to glucose-1-phosphate by hexose
phosphate isomerase and phosphoglucomutase, respectively. The two reactions are
freely reversible. The glucose is linked to ADP (ATP + glucose-1-phosphate
<—> ADP-glucose + PP,). Pyrophosphatase (PP, <—> 2P,) ‘pulls’ the reaction
in the direction of the ADP—glucose product. The glucose from ADP-glucose is
then added to the glucose polymer (ADP—glucose + (glucose), <—> (glucose),,,
+ ADP). Starch consists of two glucose polymers: amylose (alpha-1,4 linkages)

and amylopectin (alpha-1,4 linkages with alpha-1,6 branches).
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Figure 8.2. Scheme of carbon metabolism in the chloroplast and cytosol in the light, leading to
starch and sucrose synthesis (see text for details)

' Source: DW Lawlor 2001 Photosynthesis. 3d edition.
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Figure 8.4. Fatty acid synthesis in leaf cells requires products of the light reactions and the
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Figure 7.6. lllustration of the response of the relation between flux and enzyme activity for a
metabolic pathway. (a) Dependence of flux, relative to the flux under growth conditions, on
enzyme activity (relative to wild-type activity). The ‘limit of compensating ability’ (LCA) is
indicated for three enzymes, E1, E2 and E3, differing in control over the flux. E1 has little
control, E2 more and E3 full control, shown by the progressively larger LCA values. Increasing
the activity would not increase the flux. In light levels below the growth conditions the enzymes’
LCAs become smaller and other factors increase in importance. With much higher light intensity
the LCAs increase compared to the standard condition. In the case of E3 the flux could not
increase unless the activity increased (see Fell, 1997, and Fridlyand et al., 1999 for details). (b)
shows the response of flux through an enzyme to activity of the enzyme in a system. The flux
control coefficient, C =dJ/dE, where J is the flux and E the enzyme activity. Approximate values
of C are given, showing how it differs between the theoretical limits of 0 and 1. Flux control is
not generally-dependent on a single step in multicomponent systems and is distributed so that
the limiting values may only be obtained under extreme circumstances (see text)
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Calvin Cycle BioEngineering'

The Calvin cycle showing the intermediates from the first stable
carbon compound, 3-PGA, to the cabon dioxide acceptor molecule,
ribulose-1,5-bisphosphate and the exit points form the cycle into
the pathways of sucrose, starch, isoprenoids and shikimic acid .
The reactions catalysed by the enzymes whose levels have been
manipulated in transgenic plants, are shown in grey. The site of
function of the enzymes (1) 3-phosphoglycerate kinase (2) triose
phosphate isomerase (3) ribose-5-phosphate isomerase and (4)
ribulose-5-phosphate epimerase are also indicated:

co,

Rubisco
Ru-1,5F

(sucrose)

I Source: Christine A. Raines (2003) The Calvin cycle revisited.
Photosynthesis Research 75:1-10.



C3 Pathway Bioengineering.’

Growth of wild type and transgenic Nicotiana tabacum
plants over-expressing Arabidopsis SBPase. Wild type and
T1 progeny were analysed after 6 weeks of growth in soil
in greenhouse conditions, at an irradiance of between
600—1500 gmol m~ s™ and 340 ppm CO, .

The results indicate that over expressing specific enzymes of the C3 pathway can
have an effect on plant growth and development.

! Source: Christine A. Raines 2003 The Calvin cycle revisited. Photosynthesis Research
75:1-10. .



