Patrick

1. Ferredoxin:NADP(H) Oxidoreductase Abundance and Location Influences
Redox Poise and Stress Tolerance
Marina Kozuleva, Tatjana Goss, Manuel Twachtmann, Katherina Rudi, Jennifer
Trapka, Jennifer Selinski,
Boris Ivanov, Prashanth Garapati, Heinz-Juergen Steinhoff, Toshiharu Hase,
Renate Scheibe,
Johann P. Klare, and Guy T. Hanke*
Institute of Basic Biological Problems, Russian Academy of Sciences, Puschino,
142290 Russia (M.K., B.1.);
Department of Plant Physiology (T.G., M.T., J.T., J.S., P.G., R.S., G.T.H.) and
Department of Biophysics (K.R.,
H.-J.S., J.P.K.), Osnabrtick University, Osnabriick 49076, Germany; Institute for
Protein Research, Osaka
University, Osaka 565-0871, Japan (T.H.); and School of Biochemistry and
Chemistry, Queen Mary University
of London, London E1 4NS, United Kingdom (G.T.H.)

ABSTRACT:

In linear photosynthetic electron transport, ferredoxin:NADP(H) oxidoreductase (FNR)
transfers electrons from ferredoxin (Fd) to NADP+. Both NADPH and reduced Fd
(Fdred) are required for reductive assimilation and light/dark activation/deactivation of
enzymes. FNR is therefore a hub, connecting photosynthetic electron transport to
chloroplast redox metabolism. A correlation between FNR content and tolerance to
oxidative stress is well established, although the precise mechanism remains unclear.
We investigated the impact of altered FNR content and localization on electron transport
and superoxide radical evolution in isolated thylakoids, and probed resulting changes in
redox homeostasis, expression of oxidative stress markers, and tolerance to high light
in planta. Our data indicate that the ratio of Fdred to FNR is critical, with either too much
or too little FNR potentially leading to increased superoxide production, and perception
of oxidative stress at the level of gene transcription. In FNR overexpressing plants,
which show more NADP(H) and glutathione pools, improved tolerance to high-light
stress indicates that disturbance of chloroplast redox poise and increased free radical
generation may help “prime” the plant and induce protective mechanisms. In fnr1 knock-
outs, the NADP(H) and glutathione pools are more oxidized relative to the wild type, and
the photoprotective effect is absent despite perception of oxidative stress at the level of
gene transcription.
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ABSTRACT:

Pyridine nucleotides, such as NAD, are crucial redox carriers and have emerged as
important signaling molecules in stress

responses. Previously, we have demonstrated in Arabidopsis (Arabidopsis thaliana) that
the inducible NAD-overproducing nadC lines are more resistant to an avirulent strain of
Pseudomonas syringae pv tomato (Pst-AvrRpm1), which was associated with salicylic
acid-dependent defense. Here, we have further characterized the NAD-dependent
immune response in Arabidopsis. Quinolinate-induced stimulation of intracellular NAD in
transgenic nadC plants enhanced resistance against a diverse range of (a)virulent
pathogens, including Pst-AvrRpt2, Dickeya dadantii, and Botrytis cinerea.
Characterization of the redox status demonstrated that elevated NAD levels induce
reactive oxygen species (ROS) production and the expression of redox marker genes of
the cytosol and mitochondrion. Using pharmacological and reverse genetics
approaches, we show that NAD-induced ROS production functions independently of
NADPH oxidase activity and light metabolism but depends on mitochondrial respiration,
which was increased at higher NAD. We further demonstrate that NAD primes
pathogen-induced callose deposition and cell death. Mass spectrometry analysis
reveals that NAD simultaneously induces different defense hormones and that the NAD-
induced metabolic profiles are similar to those of defense-expressing plants after
treatment with pathogen-associated molecular patterns. We thus conclude that NAD
triggers metabolic profiles rather similar to that of pathogen-associated molecular
patterns and discuss how signaling cross talk between defense hormones, ROS, and
NAD explains the observed resistance to pathogens.
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Telomeres are the essential nucleoprotein structures that provide a physical cap for the
ends of linear chromosomes. The highly conserved CST (CTC1/STN1/TEN1) protein
complex facilitates telomeric DNA replication and promotes telomere stability. Here we
report three unexpected properties of Arabidopsis thaliana TEN1 that indicate it
possesses functions distinct from other previously characterized telomere proteins.
First, we show that telomeres in tenl mutants are highly sensitive to thermal stress.
Heat shock causes abrupt and dramatic loss of telomeric DNA in tenl plants, likely via
deletional recombination. Second, we show that AtTEN1 has the properties of a heat-
shock induced molecular chaperone. At elevated temperature, AtTEN1 rapidly
assembles into high molecular weight homo-oligomeric complexes that efficiently
suppress heat-induced aggregation of model protein substrates in vitro. Finally, we
report that AtTEN1 specifically protects CTC1 from heat-induced aggregation in vitro,
and from heat-induced protein degradation and loss of telomere association in vivo.
Collectively, these observations define Arabidopsis TEN1 as a highly dynamic protein
that works in concert with CTC1 to preserve telomere integrity in response to
environmental stress.
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Spell Checking Nature: Versatility of CRISPR/Cas9 for Developing Treatments for
Inherited Disorders

Clustered regularly interspaced short palindromic repeat (CRISPR) has arisen as a
frontrunner for efficient genome engineering. How- ever, the potentially broad
therapeutic implications are largely unexplored. Here, to investigate the therapeutic
potential of CRISPR/ Cas9 in a diverse set of genetic disorders, we establish a pipeline
that uses readily obtainable cells from affected individuals. We show that an adapted
version of CRISPR/Cas9 increases the amount of utrophin, a known disease modifier in
Duchenne muscular dystrophy (DMD). Furthermore, we demonstrate preferential
elimination of the dominant-negative FGFR3 ¢.1138G>A allele in fibroblasts of an
individual affected by achondroplasia. Using a previously undescribed approach
involving single guide RNA, we successfully removed large genome rearrangement in
primary cells of an individual with an X chromosome duplication including MECP2.
Moreover, removal of a duplication of DMD exons 18-30 in myotubes of an individual
affected by DMD produced full-length dystrophin. Our findings establish the far-reaching
therapeutic utility of CRISPR/Cas9, which can be tailored to target numerous inherited
disorders.
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Small heat shock proteins assemble as large oligomers in vitro and exhibit ATP-
independent chaperone activities. lle-X-lle motif is essential in both the function and
oligomer formation. AgsA of Salmonella enterica serovar Typhimurium has been
demonstrated to adopt large oligomeric structure and possess strong chaperone
activity. Size exclusion chromatography, non-denaturing pore gradient PAGE, and
negatively stain electron microscopic analysis of the various C-terminal truncated
mutants were performed to investigate the role of Ile-X-lle motif in the oligomer
assembly of AgsA. By measuring the ability to prevent insulin from aggregating induced
by TCEP, the chaperone-like activity of AgsA and the C-terminal truncated mutants at
room temperature were determined. We found that the truncated mutants with lle-X-lle
motif partially or fully deleted lost the ability to form large oligomers. Contrast to wild
type AgsA which displayed weak chaperone-like activity, those mutants shown
significantly enhanced activities at room temperature. In summary, biochemical
experiment, activity assay and electron microscopic analysis suggested that lle-X-lle
motif is essential in oligomer assembly of AgsA and might take the role of an inhibitor
for its chaperone-like activity at room temperature.
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Establishment of single-molecule pull-down in plants allows rapid, sensitive, and quantitative
interrogation of protein interactions and reveals tetrameric HD-ZIPII1:ZPR complexes.
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Discovery of a multimeric adaptor system for the chloroplast Clp protease machinery suggests a
complex mechanism regulates substrate recognition and delivery in chloroplasts.
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A novel regulator of transcription initiation in the central cell mediates pollen tube attraction in
a non-cell-autonomous manner.
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Arabidopsis RECG1 acts in mtDNA repair in the suppression of ectopic recombination and in
the segregation of alternative mitotypes.
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More than 10,000 enhancers located in intergenic regions in Arabidopsis, which regulate gene
expression, were predicted using genomic data based on hypersensitivity to DNase | digestion.
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Measurements of mRNA ribosome loading in wild-type and clock-deficient plants show that the
circadian clock regulates the translation of Arabidopsis mRNAs in concert with diurnal light-
dark changes.
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The plastid HCF145 protein, composed of two ligand binding domains followed by a newly
defined transcript binding motif repeat (TMR) domain, is essential for plant growth, binds to the
5" UTR of the plastid tricistronic psaA-psaB-rps14 mRNA, and protects it from degradation.
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A strategy for the design of novel enzymatic cores for bacterial microcompartments was devised
and tested in cyanobacteria, which have potential uses as metabolic modules in plants.

Not Throwing Baby Out with the Bathwater

Peter Chien

Plant Cell 2015 tpc.15.00801; Advance Publication September 29, 2015;
doi:10.1105/tpc.15.00801
http://www.plantcell.org/content/early/2015/09/29/tpc.15.00801

Inference of Longevity-Related Genes from a Robust Coexpression Network of Seed Maturation
Identifies Regulators Linking Seed Storability to Biotic Defense-Related Pathways

Karima Righetti, Joseph Ly Vu, Sandra Pelletier, Benoit Ly Vu, Enrico Glaab, David Lalanne,
Asher Pasha, Rohan V. Patel, Nicholas J. Provart, Jerome Verdier, Olivier Leprince, and Julia
Buitink

Plant Cell 2015 tpc.15.00632; Advance Publication September 26, 2015;
d0i:10.1105/tpc.15.00632
http://www.plantcell.org/content/early/2015/09/28/tpc.15.00632.abstract

The identification of a gene regulatory network related to seed longevity in both Medicago
truncatula and Arabidopsis reveals a role for biotic defense-related genes in acquisition of
longevity.
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The time-calibrated evolutionary history of Brassicaceae is characterized by polyploidization
and rapid genomic stabilization indicating polyploidization as driver for future diversification.
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Essential genes in Arabidopsis thaliana display distinct characteristics that are used to build
machine learning models capable of predicting lethal-phenotype genes within and between
species.
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The Yin-Yang of Hormones: Cytokinin and Auxin Interactions in Plant Development
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The Roles of ROS and ABA in Systemic Acquired Acclimation
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Understanding the Biochemical Basis of Temperature-Induced Lipid Pathway Adjustments in
Plants
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Analysis of three plant species with distinct patterns of lipid profiles addresses how glycerolipid
pathways in the ER and chloroplast are coordinated under temperature stress at the metabolite
and transcript levels.

A Maize Glutaredoxin Gene, Abphyl2, Regulates Shoot Meristem Size and Phyllotaxy
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A novel pathway, composed of a glutaredoxin and a TGA transcription factor, regulates shoot
apical meristem size independently of CLV-WUS signaling.

MET1 Is a Thylakoid-Associated TPR Protein Involved in Photosystem Il Supercomplex
Formation and Repair in Arabidopsis
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TMETL is a thylakoid-associated protein that functions in assembly of PSII complexes and
interacts with PSII core proteins CP43 and CP47.
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Loss of APP in the adult brain impairs dendritic spine dynamics and
plasticity leading to cognitive deficits.

Codon identity regulates mRNA stability and translation efficiency during
the maternal-to-zygotic transition
Ariel A Bazzini, Florencia del Viso, Miguel A Moreno-Mateos, Timothy G
Johnstone, Charles E Vejnar, Yidan Qin, Jun Yao, Mustafa K Khokha, and
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In addition to spelling out protein sequence, mMRNA codon triplets contain
translation-dependent regulatory information that influences transcript
stability and contributes to controlled turnover of maternal mMRNAs in
frogs, mice, and flies.

NSUNS3 and ABH1 modify the wobble position of mt-tRNA”Met to expand codon
recognition in mitochondrial translation
Sara Haag, Katherine E Sloan, Namit Ranjan, Ahmed S Warda, Jens
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Dennerlein, Peter Rehling, Marina V Rodnina, Claudia Hobartner, and
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RNA methyltransferase NSUN3 acts specifically on mitochondrial tRNA”Met,
allowing different codons to be recognised by this single tRNA and offering
insight on the consequence of reported disease mutations.

elF4A moonlights as an off switch for TORC1

Marta M Swierczynska and Michael N Hall
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http://EMBOJ.embopress.org/content/35/10/1013?etoc
A new study shows that elF4A negatively regulates TOR complex 1 activity
upon amino acid starvation, revealing a translation-independent function of
elF4A-containing elF4F complex.

The mitochondrial outer membrane protein MDI promotes local protein
synthesis and mtDNA replication
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MDI recruits translational activator Larp to the outer mitochondrial
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membrane to regulate mitochondrial protein expression and mtDNA replication
in Drosophila ovaries.
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