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Study of cross-talk in chloroplast signaling

Besides inducing short-term adjustments in photosynthetic complexes (1,
2), light modulates the developmental programs and stress resistance of
plants through chloroplast signals that modulate transcriptional activity in
the nucleus. Chloroplasts can act as environmental sensors, since their
biosynthetic pathways are readily imbalanced upon environmental
challenges (3, 4). Thefinal acclimation responses are, however, influenced
by cross-talk among signalling networks, including photoperiodic signals
and hormonal regulation (5-7).

Goals of this work:
- to understand the role of chloroplast redox regulation in plant acclimation

- to identify mechanistic connections between chloroplast signaling and
disease resistance pathways in plants

- to reveal how vascular tissues modulate stress tolerance in C3 plants

Antioxidant enzymes modulate chloroplast signals
and contribute to developmental processes in plants

Chloroplast signaling is tightly connected with the redox balance of photosynthetic
electron transfer components and formation of reactive oxygen species (ROS).

Transcript and metabolite profiling revealed that NADPH-thioredoxin reductase (NTRC)
forms a connection between chloroplast thiol redox regulation and control of
photoperiodic growth in Arabidopsis (4, 5).

Chloroplast ascorbate peroxidases (SAPX and tAPX) scavenge hydrogen peroxide, and
areimportantfor photoprotection of mesophyll cell chloroplasts during greening (8).
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Figure 1.

A) Schematic overview of components that mediate chloroplast retrograde signals (3).

B) Retarded growth and variegated pigmentation of ntrc plants grown in short eight-hour photoperiod (5).

C) Photobleaching of mesophyll cell chloroplasts in tapx sapx double mutant leaves. Confocal
laser scanning microscope images of chlorophyll autofluorescence from seedlings germinated in the
presence of methylviologen (MV) to cause photo-oxidative stressin chloroplasts (8).

PP2A subunit B as a regulator of disease resistance
and light acclimation in Arabidopsis

Knock-down mutants for acytosolic protein phosphatase 2A (PP2A) regulatory subunit B’
show constitutive disease resistance and cell death under moderate light intensity.
Growth under high lightrescues this phenotype (9).

Currently our work mainly focuses on the interaction partners and target processes of
PP2A-B. A combination of biochemical pull-down assays and phenotypic analysis of
Arabidopsis mutants is expected to specify the mechanisms of PP2A function in plants.
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Figure 3.

A) Structure of the trimeric human PP2A holoenzyme consisting of a catalytic subunit C and
regulatory subunits Aand B.

B) Celldeath lesionsin pp2a-b leaves (9).

C) Promoter-driven GUS analysis demonstrating that the PP2A-B gene is active in patches, which
resemble the yellowing lesions in pp2a-b mutantleaves.

Bundle sheath cells have specialized roles in
systemic light acclimation and regulation of leaf development

Perception of light stress initiates systemic signals that spread through the vasculature to
confer stress resistance in non-exposed parts of the plant. Such long-distance signalling
functions are related to unique characteristics of ROS and their detoxification in bundle
sheath cells.

Biosynthesis of ABA and pronounced accumulation of hydrogen peroxide (H,0,) in bundle
sheath cells promotes systemic signals under photo-oxidative stress.

Mutants deficient in RETICULATA (RE) exhibit reticulate leaf pigmentation and accumulate
H202inthevascular leaftissueeveninthe absence of light stress (7).

RE is a chloroplast protein of unknown function. Transcript and metabolite profiling,
analysis of ROS metabolism in single double mutants and identification of RE-interactors is
underway to reveal the functional significance of RE (JM Perez-Perez and JL Micol;
unpublished).
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Figure 2.

A) Model depicting systemic signallingin high-light-exposed leaves (3).
B) The re mutant has malformed mesophyll tissue and accumulates H,O, in the vascular leaf tissue even in the
absence of light stress (7).

Modulation of defence pathways through
light-induced ROS formation in chloroplasts

ROS networks have vital signaling roles under adverse challenges, such as plant
pathogens (6,7, 9, 10)

Upon recognition of an invading pathogen, extra-cellular ROS induce defence gene
expression, whereas chloroplastic ROS seems to promote theonset of cell death (6).

Light stress and chloroplast ROS
were found to repress the
expression of Cysteine-rich
Receptor-like Kinases (CRKs),
many of which elicit defence
reactions upon infection. This
inhibitory action presumably
involves ABA and negative
crosstalk with salicylic acid
signaling (6).

ROSPathway A Pathway

Figure 4. Scheme of ROS-dependent defence
signaling pathways in Arabidopsis (6).
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