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· SUMMARY
In eukaryotes, bursts of reactive oxygen and nitrogen species mediate cellular responses to the environment by modifying cysteines of signaling proteins. Cysteine reactivity toward nitric oxide (NO) leads to formation of S-nitrosothiols (SNOs) that play important roles in pathogenesis and immunity. However, it remains poorly understood how SNOs are employed as specific, reversible signaling cues. Here we show that in plant immunity the oxidoreductase Thioredoxin-h5 (TRXh5) reverses SNO modifications by acting as a selective protein-SNO reductase. While TRXh5 failed to restore immunity in gsnor1 mutants that display excessive accumulation of the NO donor S-nitrosoglutathione, it rescued immunity in nox1 mutants that exhibit elevated levels of free NO. Rescue by TRXh5 was conferred through selective denitrosylation of excessive protein-SNO, which reinstated signaling by the immune hormone salicylic acid. Our data indicate that TRXh5 discriminates between protein-SNO substrates to provide previously unrecognized specificity and reversibility to proteinSNO signaling in plant immunity.
· 
· 2. Heat-Shock and Redox-Dependent Functional Switching of an h-Type Arabidopsis Thioredoxin from a Disulfide Reductase to a Molecular Chaperone
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· Abstract
· A large number of thioredoxins (Trxs), small redox proteins, have been identified from all living organisms. However, many of the physiological roles played by these proteins remain to be elucidated. We isolated a high Mr (HMW) form of h-type Trx from the heat-treated cytosolic extracts of Arabidopsis (Arabidopsis thaliana) suspension cells and designated it as AtTrx-h3. Using bacterially expressed recombinant AtTrx-h3, we find that it forms various protein structures ranging from low and oligomeric protein species to HMW complexes. And the AtTrx-h3 performs dual functions, acting as a disulfide reductase and as a molecular chaperone, which are closely associated with its molecular structures. The disulfide reductase function is observed predominantly in the low Mr forms, whereas the chaperone function predominates in the HMW complexes. The multimeric structures of AtTrx-h3 are regulated not only by heat shock but also by redox status. Two active cysteine residues in AtTrx-h3 are required for disulfide reductase activity, but not for chaperone function. AtTrx-h3 confers enhanced heat-shock tolerance in Arabidopsis, primarily through its chaperone function.
· 
· 3. The multigenic family of thioredoxin h in Arabidopsis thaliana: specific
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Plant Physiol. Biochem. 40 (2002) 685–690
· Abstract
In the model plant Arabidopsis thaliana, cytosolic thioredoxins h (TRXh) are encoded by a multigenic family of eight genes. Genomic studies have revealed that a number of these genes are duplicated genes originating from a common ancestor. This multiplicity of thioredoxin h genes raises questions of the specificity of plant thioredoxins and the function of such a large multigenic family in plant. The results from studies using northern blots, semi-quantitative RT-PCR and transgenic promoter–GUS fusions provide strong evidence that the members of the AtTRXh gene family show expression levels that vary among different plant organs. Moreover, distinct AtTRXh genes are induced in response to pathogenic elicitors. Together, our data suggest that the members of the multigenic family of AtTRXh may not have redundant functions. 
· 
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Cysteine Sulfenylation Directs IRE-1 to Activate the SKN-1/Nrf2 Antioxidant
Response.

Hourihan JM(1), Moronetti Mazzeo LE(1), Fernández-Cárdenas LP(1), Blackwell
TK(2).
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Emerging evidence suggests that many proteins may be regulated through cysteine
modification, but the extent and functions of this signaling remain largely
unclear. The endoplasmic reticulum (ER) transmembrane protein IRE-1 maintains ER 
homeostasis by initiating the unfolded protein response (UPR(ER)). Here we show
in C. elegans and human cells that IRE-1 has a distinct redox-regulated function 
in cytoplasmic homeostasis. Reactive oxygen species (ROS) that are generated at
the ER or by mitochondria sulfenylate a cysteine within the IRE-1 kinase
activation loop. This inhibits the IRE-1-mediated UPR(ER) and initiates the
p38/SKN-1(Nrf2) antioxidant response, thereby increasing stress resistance and
lifespan. Many AGC-family kinases (AKT, p70S6K, PKC, ROCK1) seem to be regulated 
similarly. The data reveal that IRE-1 has an ancient function as a cytoplasmic
sentinel that activates p38 and SKN-1(Nrf2) and indicate that cysteine
modifications induced by ROS signals can direct proteins to adopt unexpected
functions and may coordinate many cellular processes.
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Mitochondria are essential for numerous cellular processes, yet hundreds of their
proteins lack robust functional annotation. To reveal functions for these
proteins (termed MXPs), we assessed condition-specific protein-protein
interactions for 50 select MXPs using affinity enrichment mass spectrometry. Our 
data connect MXPs to diverse mitochondrial processes, including multiple aspects 
of respiratory chain function. Building upon these observations, we validated
C17orf89 as a complex I (CI) assembly factor. Disruption of C17orf89 markedly
reduced CI activity, and its depletion is found in an unresolved case of CI
deficiency. We likewise discovered that LYRM5 interacts with and deflavinates the
electron-transferring flavoprotein that shuttles electrons to coenzyme Q (CoQ).
Finally, we identified a dynamic human CoQ biosynthetic complex involving
multiple MXPs whose topology we map using purified components. Collectively, our 
data lend mechanistic insight into respiratory chain-related activities and
prioritize hundreds of additional interactions for further exploration of
mitochondrial protein function.
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Because the plant cell wall provides the first line of defence against biotic and
abiotic assaults, its functional integrity needs to be maintained under stress
conditions. Through a phenotype-based compound screening approach we identified a
novel cellulose synthase inhibitor, designated C17. C17 administration depletes
cellulose synthase complexes (CSCs) from the plasma membrane in Arabidopsis
thaliana, resulting in anisotropic cell elongation and a weak cell wall.
Surprisingly, in addition to mutations in CELLULOSE SYNTHASE 1 (CESA1) and
CELLULOSE SYNTHASE 3 (CESA3), a forward genetic screen identified two independent
defective genes encoding pentatricopeptide repeat (PPR)-like proteins [CELL WALL 
MAINTAINER 1 (CWM1) and 2 (CWM2)] as conferring tolerance to C17. Functional
analysis revealed that mutations in these PPR proteins resulted in defective
cytochrome c maturation and activation of mitochondrial retrograde signalling, as
evidenced by the induction of an alternative oxidase. These mitochondrial
perturbations increased tolerance to cell wall damage induced by cellulose
deficiency. Likewise, administration of antimycin A, an inhibitor of
mitochondrial complex III, and constitutive activation of mitochondrial
retrograde signalling resulted in tolerance towards C17. The C17 tolerance of
cwm2 was partially lost upon depletion of the mitochondrial retrograde regulator 
ANAC017, demonstrating that ANAC017 links mitochondrial dysfunction with the cell
wall. In view of mitochondria being a major target of a variety of stresses, our 
data indicate that plant cells might modulate mitochondrial activity to maintain 
a functional cell wall when subjected to stresses.
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The plastid metalloprotease FtsH6 and small heat shock protein HSP21 jointly regulate thermomemory in Arabidopsis.

Nat Commun. 2016 Aug 26;7:12439. doi: 10.1038/ncomms12439.
· 
Sedaghatmehr M1,2, Mueller-Roeber B1,2, Balazadeh S1,2.
· 
1University of Potsdam, Institute of Biochemistry and Biology, Karl-Liebknecht-Straße 24-25, Haus 20, 14476 Potsdam-Golm, Germany. 2Max Planck Institute of Molecular Plant Physiology, Cooperative Research Group, Am Mühlenberg 1, 14476 Potsdam-Golm, Germany.

Acquired tolerance to heat stress is an increased resistance to elevated temperature following a prior exposure to heat. The maintenance of acquired thermotolerance in the absence of intervening stress is called 'thermomemory' but the mechanistic basis for this memory is not well defined. Here we show that Arabidopsis HSP21, a plastidial small heat shock protein that rapidly accumulates after heat stress and remains abundant during the thermomemory phase, is a crucial component of thermomemory. Sustained memory requires that HSP21 levels remain high. Through pharmacological interrogation and transcriptome profiling, we show that the plastid-localized metalloprotease FtsH6 regulates HSP21 abundance. Lack of a functional FtsH6 protein promotes HSP21 accumulation during the later stages of thermomemory and increases thermomemory capacity. Our results thus reveal the presence of a plastidial FtsH6-HSP21 control module for thermomemory in plants.

Selective killing of cancer cells by small molecules targeting heat shock stress response.

Biochem Biophys Res Commun. 2016 Aug 20.

Zhang D1, Zhang B2.
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HSF1 heat shock response has emerged as a valuable non-oncogenetic intervention point in targeted cancer therapy. Current reporter based high throughput screening has led to the discovery of several compounds or chemotypes that are effective in the growth inhibition of multiple cancer cell lines and relevant animal tumor models. However, some intrinsic limitations of reporter based assays can potentially lead to biased results. Using a previously validated high content image based assay, we performed a phenotypic screen targeting HSF1 heat shock pathway with a chemically diversified library of over 100,000 compounds. Several novel functional inhibitors of HSF1 pathway were identified with different chemotypes. Western blot analysis confirmed that selective compounds inhibit phosphorylation of HSF1, followed by reduced expression of HSP proteins. Moreover, HeLa cells stably transfected with HSF1 shRNA were more resistant to the compound treatment under lethal temperature than cells containing HSF1, validating HSF1 dependent mechanism of action. These compounds demonstrate nanomolar potency toward multiple cancer cell lines with relatively low cytotoxicity to normal cells. Further SAR and target identification study will pave the way for the potential development of next generation anticancer drugs.

Small Heat Shock Proteins and the postharvest chilling tolerance of tomato fruit.

Physiol Plant. 2016 Aug 22.

Ré MD1, Gonzalez C1, Escobar MR1, Sossi ML1, Valle EM1, Boggio SB1.

1Instituto de Biología Molecular y Celular de Rosario (IBR-CONICET), Facultad de Ciencias Bioquímicas y Farmacéuticas, Universidad Nacional de Rosario, Esmeralda y Ocampo, 2000, Rosario, Argentina.

Plants have the largest number of small heat shock proteins (sHsps) (15-42 kDa) among eukaryotes, but little is known about their function in vivo. They accumulate in response to different stresses, and specific sHsps are also expressed during developmental processes such as seed development, germination, and ripening. The presence of organelle-specific sHsps appears to be unique to plants. The sHsps expression is regulated by heat stress transcription factors (Hsfs). In this work, it was explored the role of sHsps in the chilling injury of tomato fruit. The level of transcripts and proteins of cytoplasmic and organellar sHsps was monitored in fruit during ripening and after cold storage (four weeks at 4°C). Expression of HsfA1, HsfA2, HsfA3 and HsfB1 was also examined. Two cultivars of tomato (Solanum lycopersicum) contrasting in chilling tolerance were assayed: Micro-Tom (chilling-tolerant) and Minitomato (chilling-sensitive). Results showed that sHsps were induced during ripening in fruit from both cultivars. However, sHsps were induced in Micro-Tom fruit but not in Minitomato fruit after storage at a low temperature. In particular, sHsp 17.4-CII and sHsp 23.8-M transcripts strongly accumulated in Micro-Tom fruit and HsfA3 transcript diminished after cold storage. These data suggest that sHsps may be involved in the protection mechanisms against chilling stress and substantiate the hypothesis that sHsps may participate in the mechanism of tomato genotype chilling tolerance.
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Artemisinin, which is critical in defense against malaria, was originally found in tiny hairs on the surface of leaves of the plant Artemisia annua. But this source plant does not support a sufficiently stable supply of artemisinin for worldwide use. Fuentes et al. have developed a synthetic biology approach termed COSTREL (combinatorial supertransformation of transplastomic recipient lines) that produces the immediate precursor of artemisinin, artemisinic acid, in widely cultivated tobacco (Nicotiana tabacum cv. Petit Havana). The first stage of COSTREL involves transformation of tobacco chloroplasts with genes encoding the core enzymes of the artemisinin biosynthetic pathway. With that pathway established, the second stage involves combinatorial nuclear transformation to superimpose genes that regulate flux through the biosynthetic pathway. A transformation mix supports selection of the most optimal gene combination. The resulting tobacco plants produce artemisinic acid at up to ~4.8 kg per acre.
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