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Chloroplast manipulation: A new strategy in
pathogen warfare uncovered
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A proposed model of how StFC-IT was manipulated by RXLR effector Pi22922
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to suppress host imunitiy. Phyfophthora infestans RxLR effector P122922 was
secreted from haustoria and translocated in the nucleus and cytoplasm. In
cytoplasm, P122922 targeted the chloroplast protein StFC-II and inhibited its
degradation mediated by E3 ubiquitin ligase CHIP, thereby promoting its
accumulation in chloroplasts. Much StFC-IT accumulation in the chloroplast
disrupts the subtle balance of chlorophyll and heme biosynthesis, which leads to
decreased cROS and cytoplasm ROS production and inhibition of the defense-
related genes' expression. P122922 may also target host nuclear-located proteins
to simultaneously suppress immunity. Credit: Horticulture Research

A recent study has unveiled the sophisticated methods pathogens use to
weaken plant defenses. It shows how a pathogen's effector protein
targets the chloroplast protein StFC-II, increasing its levels in
chloroplasts and reducing the plant's ability to generate reactive oxygen
species (ROS). This manipulation significantly compromises the plant's
immune response, offering new insights into potential strategies for
enhancing plant resistance to infections.

The work is published in the journal Horficulture Research.

The ongoing battle between plants and pathogens is shaped by millions
of years of co-evolution. While plants have developed complex immune
systems to fend off invaders, pathogens continuously evolve strategies to
bypass these defenses. One of these strategies involves targeting
chloroplast proteins, which are crucial for both photosynthesis and
immunity. Understanding how pathogens exploit these proteins is
essential for developing new approaches to strengthen plant resistance.

The research, led by scientists from Huazhong Agricultural University,
explores how the Phytophthora infestans effector P122922 targets the

chloroplast protein StFC-II in potatoes. The study reveals that P122922
interacts with StFC-II in the cytoplasm, preventing its degradation and
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promoting its accumulation in chloroplasts. This process disrupts the
chloroplast's role in immune responses, making the plant more
susceptible to infection.

The study highlights the critical role of the chloroplast protein StFC-II in
plant immunity and how its manipulation by the Pi22922 effector
undermines plant defenses. Researchers discovered that Pi122922
stabilizes StFC-II in the cytoplasm, leading to its excessive accumulation
in chloroplasts. This imbalance disrupts chlorophyll and heme
biosynthesis, resulting in a significant reduction in reactive oxygen
species (ROS) production—a key element of the plant's immune
response. The overexpression of StFC-II in transgenic potatoes further
demonstrated increased susceptibility to infection, highlighting a
sophisticated mechanism by which pathogens compromise plant
immunity.

"Understanding the interaction between pathogen effectors and host
proteins is crucial for developing more effective disease-resistant crops.
This study reveals a previously unknown mechanism by which a
pathogen manipulates a chloroplast protein to suppress plant immunity,"
said Professor Zhendong Tian, the study's corresponding author.

The findings from this research could greatly impact agricultural
practices. By targeting the pathways that regulate chloroplast proteins
like StFC-II, 1t may be possible to engineer crops with enhanced
resistance to pathogens like Phytophthora infestans. Future research
could explore gene-editing technologies to safeguard these vital proteins
from pathogen manipulation, paving the way for more resilient crop
varieties.

More information: Meng Xu et al, Chloroplast protein StFC-II was
manipulated by a Phytophthora effector to enhance host susceptibility,
Horticulture Research (2024). DOI: 10.1093/hr/uhae149
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