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The review summarizes evidence forthe role of tight | books of biology and biochemistry attests to the
in regulating enzymes of carbon dioxide assimila- | acceptance of this view.
tion and related processes in photosynthesis. The In tulfilling its regulatory role in photosynthe-
contributions of the different regulatory signals in- | sis, light absorbed by chlorophylt is converted
voked (changes in pH, ion gradient, sulthydryl | to signals—including changes in pH, ion gradi-
groups) were analyzed to provide a generai picture | ent, sulfhydryl groups, and concentrations of
ot how light fulfills its newly identified regulatory | divalentcations and metabolite effectors!—that
function. [The SCI® indicates that this paper has | collectively “inform” selected enzymes that the
been cited in more than 485 publications.] light is on so that the major biosynthetic and
. >0 : : degradatory pathways can be appropriately di-

. . . rected. In this way, the cell can use available
nght, Th'oredoxm‘ and Chioroplasts resources to increase growth and survivai un-

Bob B. Buchanan der a range of environmental conditions.
Department of Plant Biology In the case of suithydryl changes, the light
University of California signal is transmitted from chiorophyll contain-
Berkeley, CA 94720 ing membranes via ferredoxin (an iron-sulfur

it has been known for four decades that light | protein thattransports energetic electrons) and
tunctions in photosynthesis by supplying the | ferredoxin-thioredoxin reductase (an iron-sul-
assimilatory power, ATP and NADPH, tor car- | tur enzyme with a catalytically active disulfide
bon dioxide assimilation (historically known as | group) to one of two thioredoxins—a tamily of
the “dark” reactions). At the time my review was | small proteins universally distributed in nature.
written, 1980, the view that light plays another | Through changes in the hydrogen status of its
role in photosynthesis, notably in regulating | ownsulfhydryl groups, thioredoxin brings about
carbon assimilation, was nelther widely known | reversible changes in the suithydryl status and
nor widely accepted. My review was the first | hence the activity of target enzymes. The fact
comprehensive effort to present this concept | thatmy review was the first to describe the then
and summarize the evidence for it. This is one | newly identified regulatory role of thioredoxin
reason why the article is widely cited. also accounts for its citation record.
. Asdescribed in my review, the first evidence Two developments in the thioredoxin area,
that light plays a role in regulating carbon diox- | both unforeseen in 1960, warrant comment. In
ide assimilation came from experiments in the | the first case, thioredoxin has been found to
mid-1960s which showed that certain enzymes | promotethe growth ofanimal cells!-3—afinding
of the reductive pentose phosphate cycle are | that may open the door for a new method of
activated by illumination of intact leaves | treatmentofretrovirus-related disorders.4Inthe
(. Ziegler, Technische UniversitatMinchen)and | other development, thioredoxin has been iden-
chloroplast preparations (our laboratory, Uni- | tified as a signal in seed germination.5:6 Follow-
versity of California at Berkeley). Experiments | ingreduction by NADPH and NADP-thioredoxin
on light/dark transition with aigal cells during | reductase, thioredoxin acts to controt germina-
this period were aiso interpreted as evidence for | tion by (i) neutralizing the activity of a disulfide
light activation of key enzymes of the cycle | proteinthat specifically inhibits an enzyme cen-
(J.A. Bassham, also University of California at | tral to starch breakdown, and (ii) solubilizing
Berkeley). A number of subsequent reviews | and unfolding storage proteins, thereby permit-
have summarized the evidence in support of | ting their breakdown and use by the developing
this posttranslational regulatory role for light, | seedling. These experiments have also provided
which applies also to enzymes outside the area | anewthioredoxin-based technology thatseems
of carbon assimilation.! The wide inclusion of | promising for the improvement of flour? and
this type of regqulation in contemporary text- | potentiaily other seed products.
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