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Signaling by redox-active proteins is ubiquitous 
in plants and animals, however, the molecular 
mechanisms by which these proteins regulate 
the expression of specific genes are not well 
understood. Conceivably, the redox state of these 
proteins must change uniquely according to 
their regulatory function, but the exact nature of 
these redox changes and the mechanism of their 
regulation is yet to be determined. Redox signaling 
of light-regulated translation in the chloroplast is a 
dynamic control that continuously adjusts the level 
of synthesis of several photosynthetic proteins to 
fluctuating light intensities. Hence, studying the 
properties of light-regulated redox signaling in the 
chloroplast should help clarify how redox signals 
are dynamically transmitted in an otherwise redox-
buffered milieu (under nonstress conditions), and 
how regulation specificity is attained.

How does the fluctuating light-intensity control 
translation? Perception of the light-signal is 
mediated by the light-capturing reactions of 
photosynthesis that are localized in the thylakoid 
membranes. Light perception by the membranal 
photosynthetic reactions generates two signals 
(Fig. 1). The first light-signal (priming signal) turns 
on the translational regulatory pathways, that are 
inactive in the dark, and confers them receptive 
to the second light-signal. The second light-signal 
dynamically links light intensity with translational 
regulation, thereby modulating the rate of translation 
proportionally to the photosynthetically perceived 
light intensity. The second light-signal is transduced 
by the ferredoxin-thioredoxin system. In the light, 
electrons emanating from Photosystem I reduce 
thioredoxin through a series of oxidation-reduction 
reactions involving ferredoxin (Fd), ferredoxin-
thioredoxin reductase (FTR), and thioredoxin (Trx). 
Reduced thioredoxin then drives the reduction of 
a regulatory disulfide in a protein complex (5’PC) 

implicated as translational regulator of psbA mRNA. 
Reduction of the regulatory disulfide stimulates the 
binding of 5’PC to the 5´-untranslated region of 
psbA mRNA. Binding of 5’PC to the psbA mRNA 
parallels the recruitment of psbA mRNAs onto 
polysomes and the subsequent synthesis of the D1 
protein (encoded by psbA mRNA). This direct link 
between light and the synthesis of the D1 protein 
has the capacity to respond to fluctuating light levels 
and regulate the exchange of photooxidized reaction 
center proteins with de novo synthesized proteins at 
a rate proportional to the rate of photosynthesis. 
The properties of the regulatory disulfide play a 
crucial role in determining the specificity of the 
redox signal transduction. Once it is oxidized only 
Trx can reduce it to its dithiol form, and thereby its 
redox state is functionally coupled with that of Trx. 
We found that the regulatory disulfide site is carried 
by RB60, a member of 5’PC showing high similarity 
to protein disulfide isomerases. Characterization 
of the redox state of RB60 in chloroplasts showed 
that within minutes after illumination the pool 
of RB60 undergoes specific oxidation by a yet 
unknown mechanism. Under higher light intensities 
chloroplasts contained higher pool of reduced RB60 
and exhibited stimulated rate of translation of psbA 
mRNA. Thus, the redox state of the pool of RB60 
in the chloroplast appears to be controlled by a 
counter-balanced action of reductive and oxidizing 
activities that act specifically on RB60. The oxidation 
of RB60 renders it receptive to the reductive signal, 
and the properties of the regulatory disulfide of 
RB60 entrains it responsive specifically to reduction 
by thioredoxin carrying a reductive signal which is 
proportional to light intensity. The relatively high 
abundance of the regulatory disulfide-containing 
proteins in chloroplasts and fast kinetics of light 
signal transduction and activation of translation 
presents an excellent system for studying the mode 
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of function of these regulatory redox-active factors.
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Model of redox signaling pathway of psbA mRNA translation. 

In the dark, psbA 5’PC rests in a translation-incompetent 

reduced form (1), potentially due to phosphorylation. The first 

light signal converts psbA 5’PC into a translation-competent 

form (2), potentially by dephosphorylation, and activates 

specific oxidation of RB60 (3), by a yet unknown factor. This 

light induced oxidation inactivates the translation-competent 

psbA 5’PC and confers it receptive to the reductive signal. 

This form of psbA 5’PC enters a cycle (4) of activation by 

reduction, mediated by the ferredoxin-thioredoxin system (5) 

in proportion to photosynthetic light intensity, and inactivation 

by oxidation by the RB60-specific activity (3). Higher light 

intensity increases the portion of reduced psbA 5’PC pool, 

and thereby translation of psbA mRNA (6). Whereas under 

lower light intensity, oxidizing of RB60 increases the portion 

of inactive pool of psbA 5’PC and diminishes translation. 

Note: Our model is derived from our studies of regulation 

of psbA mRNA activity. It may be operative for additional 

chloroplast mRNAs.

Acknowledgement:
Israel Science Foundation; BARD; Minerva 

Foundation
Weinberg Center; Lubin center; Levy R&R 

Foundation




