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A commentary on
 Rapid Phosphoproteomic Effects of Abscisic Acid (ABA) on Wild-Type and ABA Receptor-Deficient A. thaliana Mutants

by Minkoff, B. B., Stecker, K. E., Sussman, M. R. (2015). Mol. Cell Proteomics 14, 1169–1182. doi: 10.1074/mcp.M114.043307



The plant hormone abscisic acid (ABA) plays an important role in regulating different stages of plant growth and development. It performs a broad range of essential functions in plant adaptation to abiotic stresses, particularly drought, elevated temperature, and salinity (Ahuja et al., 2010). Under abiotic stress, ABA regulates various sets of stress-inducible genes to initiate the synthesis of diverse proteins. Therefore, the engineering of the ABA signaling pathway can potentially offer new avenues for improving abiotic tolerance in plants. Over the prior two decades, the individual steps of the ABA signaling pathway, which range from signal perception to the nuclear action of downstream gene regulation, have been dissected (Yoshida et al., 2014). In particular, increasing evidence has revealed the central role of protein phosphorylation and dephosphorylation in ABA signaling in Arabidopsis thaliana (Kline et al., 2010; Umezawa et al., 2013; Wang et al., 2013) and crop plants (e.g., rice, wheat, and maize) (He and Li, 2008; Zhang et al., 2014; Hu et al., 2015) after lengthy ABA treatments (15 min or longer). Arabidopsis represents the most successful system for understanding protein phosphorylation. However, relatively little is known regarding the initial protein phosphorylation changes induced by ABA in plants. The identification of early ABA-inducible phosphoproteins using phosphoproteomic technologies should reveal novel and potentially key components in ABA signal transduction.

A recent study on the rapid phosphoproteomic effects of ABA on A. thaliana (Minkoff et al., 2015) provided critical insight into the regulatory mechanisms for several ABA-inducible phosphoproteins. A loss-of-function quadruple (pyr1; pyl1; pyl2; pyl4) receptor mutant of A. thaliana (QR) exhibits strong ABA insensitivity (Park et al., 2009). Using QR and wild-type (WT) plants as a model, Minkoff et al. (2015) performed a quantitative phosphoproteomic analysis to identify early (within 5 min) ABA-induced protein phosphorylation events mediated by ABA receptors (i.e., PYR1, PYL1, PYL2, and PYL4). After conducting the TiO2 enrichment of phosphopeptides, these authors used a combination of untargeted high-resolution MS and targeted MS to quantify a panel of phosphopeptides related to ABA signaling, and discuss their biological significance. The two most enriched phosphorylation motifs in the set of ABA-responsive phosphorylation were those of the SnRK2 and MAPKs, implicating these two pathways as the earliest activated in response to ABA stimulation. Furthermore, relative to the ABA-dependent phosphorylation changes observed in WT plants, different responses to ABA were observed in QR mutants: the majority of ABA-dependent phosphorylation changes were diminished, whereas many smaller ABA-dependent phosphorylation changes were not detected in the quadruple mutant plant. The reduced phosphorylation is consistent with the decreased ABA reception and signal in the mutant. Future studies need to elucidate the details regarding each of the PYR/PYL/RCAR receptors and their separate roles within the ABA-regulated phosphorylation network. Moreover, the functional importance of the dephosphorylation of ABA-responsive proteins remains to be determined.

It is becoming increasingly clear that the analysis of signaling networks is required to understand the dynamic and complex mechanisms that underlie cellular functions and outputs. In particular, research has demonstrated that kinase pathways become active within minutes—sometimes seconds—of a stimulus, even in crop plants (Schulze et al., 2010). At 15 and 30 min after the onset of a stress (e.g., drought, cold, or ABA), there are significant initial transcriptional changes in Arabidopsis (Kilian et al., 2007). Therefore, it is necessary to analyze the initial ABA signal perception and adaptation that occur within the first few minutes of ABA exposure in plants. Minkoff et al. (2015) identified multiple ABA-induced phosphorylation changes that occur within 5 min of ABA treatment, including three SnRK2 autophosphorylation events and the phosphorylation of SnRK2 substrates. However, the detection and quantification of transient and weak ABA signals at shorter ABA treatment time points (e.g., 1 min) may represent a challenge for future research.

Importantly, Minkoff et al. (2015) analyzed the rapid phosphoproteomic effects of ABA, primarily in A. thaliana leaves. Root tips have long been regarded as the main sites of ABA biosynthesis, and synthesized ABA is transported to target tissues to induce responses (Koiwai et al., 2004). Given the importance of root tips (e.g., the root cap) in simultaneously sensing and responding to moisture (Eapen et al., 2005), the further dissection of specific rapid phosphoproteomic effects of ABA in A. thaliana roots will provide a more comprehensive understanding of ABA signaling.

The comprehensive and intensive work of Minkoff et al. (2015) supports hypotheses regarding ABA signaling and provides critical insights with respect to the ABA mode of action by which the family of ABA receptors directs rapid phosphoproteomic changes. The more interesting aspect is that the conserved ABA signaling mechanisms in plant could lead to improved understanding of ABA signaling in crop plants, and help design plant traits to improve economic productivity. Furthermore, the methodology of phosphoproteomics study in ABA for Arabidopsis could be applied to studies of phospho-signalings for other phytohormones in Arabidopsis and other crop plants.
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