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Enzymological studies of chloroplast
dehydroascorbate reductase from spinach leaves
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Many electrons released from PSII are transported
to dioxygen when the light intensity exceeds the demand of

reducing equivalents by the Calvin cycle for CO3 reduction in

photosynthesis. Thus, the water-water cycle functions to
dissipation of excess electrons and furthermore down-
regulates the electron transport in the photosystem. Of the
enzymes involved in the cycle, APX, SOD and GR have
extensively been studied over the last two decades, but DHAR
and MDAR in chloroplasts have remained to be studied. This
study was focussed on the molecular and biochemical
characterizations of DHAR functioning for the water-water
cycle in photosynthesis.

In Chapter I, chloroplast DHAR was purified from spinach
leaves. The specific activity of chloroplast DHAR was 360

pmol/min/mg protein. The Ky values for DHA and GSH were 70

uM and 1.1 mM, respectively. These kinetic parameters of
chloroplast DHAR indicate that the spinach chloroplast DHAR
is the entity functioning for the water-water cycle in
spinach chloroplasts. The c¢DNA for spinach chloroplast DHAR
was isolated. The comparison between the predicted amino
acid sequence from the cDNA and the amino terminal sequence
of the purified spinach chloroplast DHAR revealed that the
Aisélated cDNA was for spinach chloroplast DHAR and the cDNA

contained the sequence for transit peptide. When the coding




region of the cDNA except the sequence for the transit
peptide was expressed in E. coli, the recombinant DHAR
protein had the DHAR activity. The kinetic parameters of
the recombinant DHAR were the same as those of the purified
spinach chloroplast DHAR.

In Chapter II, the catalytic mechanism of chloroplast
DHAR was analyzed with the recombinant DHAR. The initial
velocity studies in the absence of the reaction products
revealed that the catalysis chloroplast DHAR proceeded with
a bi uni uni uni ping pong mechanism. Product inhibition
study with GSSG revealed that the reduced enzyme first bound
with DHA, followed by binding of GSH. The reaction
intermediate complex predicted from the steady-state kinetic
analysis was isolated and identified as an adduct between
DHAR and the substrate GSH through a disulfide bond. These
results with spinach chloroplast DHAR indicate that the DHAR
reaction proceeds as follows: The reduced enzyme binds DHA
on the active center. The reducing equivalents of the
sulfhydryl groups of a cysteine residue and one of GSH are
transferred to DHA to form ascorbate and the oxidized
enzyme. The oxidized enzyme should be the addicts between
the enzyme and GSH through a disulfide bond. The second GSH
will reduce the oxidized enzyme to form the reduced enzyme
and GSSG. The reaction intermediate complex of chloroplast
DHAR revealed that the cysteine residue was involved in the
reaction. The site-mutagenesis study of chloroplast DHAR
showed that Cys-23 was essential for chloroplast DHAR to
function. Cys-23 would be involved in the formation of the
reaction intermediate complex of chloroplast DHAR.

These findings of the molecular properties of
chloroplast DHAR in spinach leaves contributes to the
-:elucidation of the regeneration system of ascorbate in

éhlorqplasts.
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