






falava para estudar e ser “doutor”



– –

–





Na⁺ e K⁺, determinação de peróxido de hidrogênio (H₂O₂), expressão gênica por qPCR de 

⁺ na parte aérea, maior retenção de K⁺ e aumento do sequestro 

uma resposta rápida e transitória de estresse do RE, caracterizada por aumento inicial de H₂O₂ 

apresentaram menor acúmulo de H₂O₂, 

de chaperonas e transportadores de Na⁺. 





analyses, Na⁺ and K⁺ quantification, hydrogen peroxide (H₂O₂) determination, qPCR

Na⁺ accumulation in the shoot, greater K⁺ retention, and increased ionic sequestration in roots 

transient ER stress response, characterized by an initial increase in H₂O₂ and early expression 

previously treated with TM exhibited lower H₂O₂ accumulation, earlier and more efficient 

expression of chaperones and Na⁺ transporters. Proteomic analysis revealed that salinity 
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série de alterações nas plantas, como desequilíbrios iônicos, redução da razão K⁺/Na⁺, danos 

A regulação de transportadores de Na⁺ e K⁺, o 

salino, o excesso de Na⁺ pode causar toxicidade e competir com o K⁺ por sítios de ligação em 

⁺
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⁺
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–
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hidrogênio (H₂O₂), que pode atuar como molécula sinalizadora, conectando a dinâmica redox 

do RE à reprogramação transcricional e ao ajuste de mecanismos antioxidantes (ČERNÝ et 
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avaliando a produção precoce e tardia de H₂O₂ como possível elo entre estresse do RE 

•

homeostase Na⁺/K⁺.

•



• “ ”
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balance, including reduced Na⁺ accumulation in shoots, enhanced K⁺ retention, and increased 

reduced H₂O₂ accumulation in TM





Subsequently, excessive accumulation of toxic ions, particularly Na⁺, disrupts nutrient 

homeostasis by decreasing the K⁺/Na⁺ ratio, destabilizing cellular membranes, and interfering 

osmotic balance to maintain favorable K⁺/Na⁺ ratios, preventing ionic toxicity and preserving 

Na⁺ exclusion and compartmentalization, helping to maintain cellular ionic balance under 



production, maintains stable potassium (K⁺) levels, reduces sodium (Na⁺) accumulation and 
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stress by maintaining growth parameters and reducing Na⁺ accumulation (Queiroz et al., 

strength Hoagland’s nutrient solution and grown 



μg mL⁻¹. Control plants received 
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• μ



To quantify Na⁺ and K⁺ contents, 50 mg of dried leaf, stem, and root material were 

Malavolta et al. (1997). For chloride (Cl⁻) determination, the method was based on the 

reaction of Cl⁻ with Hg(SCN)₂, resulting in the formation of HgCl₂ and the release of SCN⁻. 

Hg(SCN)₂ and Fe₂(SO₄)₃ solution. Absorbance was measured at 450 nm using a SynergyMx 

Biotek spectrophotometer, and Cl⁻ concentrations were quantified using a standard calibration 

), and internal CO₂ concentration (

COR, USA), with a reference CO₂ concentration of 400 μmol mol⁻¹ 

and an artificial light intensity of 1.200 μmol m⁻² s⁻¹ applied to the middle third of the third 
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15 min at 4 °C. For H₂O₂ determination, the reaction mixture consisted of 100 μ

μ μ

–

μ

μ

μ

mode (1:5). Helium was used as the carrier gas at a flow rate of 1.2 mL min⁻¹, and separation 

μ

temperature was initially set at 80 °C for 2 min, increased at 10 °C min⁻¹ to 315 °C, and held 

–

μ



pressure of 1.8 kPa, a flow rate of 1.6 mL min⁻¹, and a linear velocity of 46.6 cm s⁻¹. The oven 

temperature was initially set at 80 °C for 5 min, then increased at 4 °C min⁻¹ to 300 °C and 

™
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System (Promega Corporation), according to the manufacturer’s protocol. Extracted RNA was 

manufacturer’s instructions.

Rad), based on fluorescence detection, following the manufacturer’s 
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μg mL⁻¹) and two NaCl concentrations (0 and 75 mM) in 

comparisons were performed using Tukey’s test (p ≤ 0.05) with the SISVAR statistical 
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Mean metabolite values were compared using Tukey’s test (p ≤ 0.05) with the 
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The concentrations of Na⁺, K⁺, and Cl⁻ were quantified in different cowpea organs 

to salinity, Na⁺ and Cl⁻ concentrations were 

primed plants. In contrast, K⁺ exhibited an opposite distribution pattern, 





ambient CO₂ ratio (
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Hydrogen peroxide (H₂O₂) levels were quantified in leaves and roots to assess 

Both salinity and TM priming significantly affected H₂O₂ accumulation. In leaves, salt

plants (75 mM NaCl) exhibited higher H₂O₂ levels compared with control and TM treatments, 

whereas TM + 75 mM NaCl markedly reduced this accumulation (Figure 5A). In roots, H₂O₂ 

through increased H₂O₂ accumulation, while TM priming effectively moderated this response

reducing oxidative stress without altering basal H₂O₂ levels under non

–







16 were also significant according to Tukey’s

β

five of which were significant by Tukey’s HSD, including heptadecanoic acid, mevalonic 

α

β





altered according to Tukey’s HSD test (p < 0.05) in the TM + 75 mM NaCl treatment, with 

β
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−log₁₀ 
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according to Tukey’s test (p < 0.05).



and without NaCl), according to Tukey’s test (p < 0.05).



Tukey’s test (p < 0.05).



differences between salinity conditions (with and without NaCl), according to Tukey’s test (p 



g salt stress acclimation (Çakır Aydemir et al., 2020; 
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Maintaining a favorable K⁺/Na⁺ ratio is a well

as K⁺ is crucial for enzyme activation, photosynthesis, and protein synthesis, whereas Na⁺ 

reduced Na⁺ and Cl⁻ accumulation in leaves and stems by promoting their preferential 

retention and sequestration in roots, while simultaneously maintaining higher K⁺ levels in 

stressed plants without priming. These responses may indicate more efficient CO₂ 

Δ

The content of hydrogen peroxide (H₂O₂) added another layer to hypothesize an 



markedly increased H₂O₂ levels in both leaves and roots. 

NaCl plants decreased the H₂O₂ levels, suggesting a controlled accumulation of reactive 
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reflects TM’s ability to act as a chemical preconditioning agent, enabling plants to preserve 
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carbon flux from atmospheric CO₂ 

and redox homeostasis, reducing H₂O₂ accumulation and supporting lipid remodeling 

containment. This is reflected by enhanced Na⁺ and Cl⁻ retention and vacuolar sequestration, 

preferential K⁺ translocation to the shoot, and a modulated expression of ion transporters 





H₂O₂ priming induces proteomic responses to defense against salt stress in maize. 
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Çakır Aydemir, B., Yüksel Özmen, C., Kibar, U., Mutaf, F., Büyük, P.B., Bakır, M., and 
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sensitive 3; Ca²⁺ 

–

Na⁺/H⁺ 
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Na⁺/H⁺ 

Na⁺ 
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(n = 4). Different letters indicate significant differences by Tukey’s test (p < 0.05); lowercase 
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d sustained ER stress, progressive induction of chaperones and Na⁺ 



–



Černý et al., 201

homeostasis (Černý et al., 2018; 

In parallel, ER stress signaling intersects with salinity responses by coordinating Na⁺ 

exclusion, K⁺ retention, and osmolyte accumulation to maintain cellular water balance, 
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μg mL⁻¹ tunicamycin (TM) supplemented with 0.05% (v/v) Tween 20, applied at 1.0 mL per 



h after salt treatment. Samples from time points were used for H₂O₂ quantification and RT

H₂O₂ concentrations.

™

o the manufacturer’s instructions. RNA quantity and purity were assessed 
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(1:100 enzyme:protein, V5111, Promega, Madison, WI, USA) using the filter

(v/v) acetonitrile (Thermo Fisher Scientific, Waltham, MA, USA) and 0.1% (v/v) formic acid 

spectrophotometer (Thermo Fisher Scientific). The peptides were stored at −80 °C until mass 

–



way analysis of variance (ANOVA) followed by Tukey’s test (p ≤ 0.05) in SISVAR 

using Student’s t test (p ≤ 0.05). Differentially accumulated proteins (DAPs) were defined 

based on statistical significance (p ≤ 0.05) combined with log₂ fold change thresholds of ≤ 

− accumulated) or ≥ 0.6 (up

Hydrogen peroxide (H₂O₂) levels were quantified to evaluate early oxidative 

plants, H₂O₂ increased at 1 and 6 h, peaking at 6 h, and subsequently declined to control levels 



way ANOVA followed by Tukey’s test, p ≤ 0.05). (B) 

by Tukey’s test, p ≤ 0.05). Bars represent mean ± standard 

–

–



ANOVA followed by Tukey’s test, p ≤ 0.05). 
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ANOVA followed by Tukey’s test, p ≤ 0.05). For genes without 

ANOVA, p ≤ 0.05).
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activation of Na⁺ extrusion.

plants showed lower expression at 24 h, reflecting moderated vacuolar Na⁺ sequestration.

) while limiting excessive late induction of Na⁺ transport 
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way ANOVA followed by Tukey’s test, p ≤ 0.05). 



unchanged), with most changes occurring in the positive log₂ fold

|log₂FC| 

|log₂FC| 





cutoff ≤ 



were determined using a false discovery rate (FDR) cutoff ≤ 0.05 and ranked according to 
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dysfunction. The early increase in H₂O₂ levels, peaking at 6 h and returning to basal values by 

the ER lumen inherently generates reactive oxygen species (Černý et 

rather than oxidative damage. The restoration of H₂O₂ to control levels at 24 h 
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The progressive induction of Na⁺ transport genes (

) is consistent with activation of the canonical SOS pathway, which mediates Na⁺ 

salt stress, excess Na⁺ triggers a rapid increase in cytosolic Ca²⁺ levels. This Ca²⁺ signal is 



, a myristoylated Ca²⁺

sensor. Upon Ca²⁺ binding,

forming a functional complex that phosphorylates and activates the plasma membrane Na⁺/H⁺ 

promotes Na⁺ extrusion from the cytosol, while 

facilitates Na⁺ sequestration into vacuoles using the proton gradient generated by vacuolar H⁺ 

pumps, thereby contributing to cytosolic ion detoxification and maintenance of K⁺/Na⁺ 

while maintaining Na⁺ balance.
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|log₂FC| > 0.6 and p < 0.05.
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