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SORGHUM SEEDLINGS RESPONSES TO SALT AND ENDOPLASMIC
RETICULUM STRESSES
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ABSTRACT: Endoplasmic reticulum (ER) response to abiotic and biotic stresses has been
investigated, but barely associated with salinity. Thus, we tested seedlings of sorghum cv.
CSF20 in the early development by increasing NaCl concentration to evaluate such tolerance
in this stage, and if seedlings could be tolerant or sensitive to disruption of ER homeostasis.
The experimental design was completely randomized composed by 4 treatments of NaCl (0,
50, 75, and 100 mM); or dithiothreitol (DTT - 0, 2.5, 5.0 and 10.0 mM) for 4 days. Length
and weight of shoots and roots were measured as well as inorganic ions, lipid peroxidation
and H>O. NaCl did not change fresh and dry mass from the lower to the highest level of
salinity (0-100 mM), as well as hydrogen peroxide and lipid peroxidation under the lower
concentration. On the other hand, DTT promoted a decrease of seedling length, regardless of
the concentration used. DTT also changed the ion portioning between shoots and roots,
increased K™ and reduced Na* contents, especially in the roots. In conclusion, the sorghum cv.
CSF20 was also salt-tolerant in the early seedling stage. Further, until 2.5 mM DTT, the
seedlings may tolerate ER stress, and above 5mM it started to exhibit symptoms.
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RESPOSTA DE PLANTULAS DE SORGO AOS ESTRESSES SALINO E DO
RETICULO ENDOPLASMATICO

RESUMO: A resposta do reticulo endoplasmatico (RE) a estresses bidticos e abio6ticos tem

sido investigada nos ultimos anos, mas pouco associada a salinidade. Assim, plantulas de
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sorgo cv. CSF20 nos estadios iniciais de desenvolvimento foram testadas com o aumento da
concentracdo de NaCl para avaliar a toleréncia nesse estagio, e se elas também podem ser
tolerantes ou sensiveis a perturbacdo da homeostase do RE. O desenho experimental foi
inteiramente casualizado com 4 tratamentos de NaCl (0, 50, 75 e 100 mM); ou ditiothreitol
(DTT - 0, 2.5, 5.0 e 10.0 mM) por 4 dias. Foram medidos o comprimento, biomassa, ions
inorganicos, peroxidacédo de lipideos e H202. Massa fresca e seca também n&o foram alterados
pela presenca do NaCl, bem como peroxidacdo de lipidios e H2O. Por outro lado, DTT
promoveu diminuicdo do comprimento da plantula independente da concentracdo usada. DTT
também alterou a relagdo de ions entre raizes e parte aérea, aumentando os contetidos de K* e
reduzindo Na* especialmente nas raizes. Como conclusdo, o sorgo cv. CSF20 também foi
tolerante no estadio inicial de desenvolvimento. Além disso, até 2.5 mM de DTT as plantulas
puderam tolerar o estresse do RE, e acima de 5mM comecaram a exibir sintomas.
PALAVRAS-CHAVE: Ditiotreitol, cloreto de sodio, homeostase

INTRODUCTION

Salt stress is an example of abiotic stress, which directly impacts plant growth (Zorb et
al., 2019). Sorghum [Sorghum bicolor (L.) Moench] is more salt-sensitive until 24 days old
than older plants (Oliveira et al., 2013). It is a complex issue that includes osmotic stress, ion
toxicity, nutritional deficiencies, and formation of reactive oxygen species (Parihar et al.,
2015). The response of endoplasmic reticulum (ER) to abiotic and biotic stresses has been
also investigated (Park; Park, 2019), but barely associated with salinity. Mostly, ER-stress has
been performed by dithiothreitol (DTT), a reducing agent disturbing of protein disulfide
bonds (Bao et al., 2019). Thus, we tested seedlings of sorghum cv. CSF20 in the early
development by increasing NaCl concentration to evaluate such tolerance in this stage, and if

cv. CSF20 could be tolerant or sensitive to disruption of ER homeostasis.

MATERIAL AND METHODS

Seeds of sorghum cv. CFS20 were germinated between two layers of paper in glass
bottles with 5,0 ml of distilled water in the bottom, and then covered to a plastic bag and kept
to BOD chamber at constant temperature of 30° at day and 26° at night, relative humidity of
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90% and 12-h photoperiod. The experimental design was completely randomized and two
independent rounds were performed. Experiment I: three days of sowing (DAS), seedlings
were transferred to a new paper moistened with 20 mL of NaCl solution composed by for
treatments (0, 50, 75, and 100 mM NaCl) and 4 repetitions, each repetition was composed by
10 different seedlings. Each treatment was arranged as described before and returned to the
BOD chamber. After 4 days (7 days of DAS) length, fresh mass of shoots and roots were
measured as well as inorganic Na* and K™ ions, lipid peroxidation and H2O,. Experiment I:
For the ER stress experiment, we used 20 mL of dithiothreitol (DTT - Sigma Aldrich)
solution composed by for treatments (0, 2.5, 5.0 and 10.0 mM) and 4 repetitions, each
repetition was composed by 10 different seedlings.

The data of independent experiments were subjected to the analysis of variance
(ANOVA F-test) and submitted to regression test (p < 0.05) to comparation using the
SISVAR program (Data not showed). Then, the values were normalized to control treatment
and summarized in a radar plot (SigmaPlot).

RESULTS AND DISCUSSION

At seven days of development, we did not find any change in the growth of shoots or
roots from the lower to the highest level of salinity (0-100 mM). Despite the increment of Na*
in shoots and roots, the maintenance of growth seedling may be linked to the ability to keep
K™, especially in roots, which led to low reactive oxygen species (ROS). Indeed, we found
low lipid peroxidation and hydrogen peroxide (Figures 1A). Conversely, the growth of
sorghum plants has been reported to be negatively impaired by salinity, decrease of the dry
mass of leaves and roots, as well as foliar area, are usually observed in different genotypes
(Freitas et al., 2011). Also, the increased of ROS, lipid peroxidation (Costa et al., 2005) and
the ability to avoid toxic Na* and, or to maintain levels of K* (Lacerda et al., 2001) have been
reported as an indicator of oxidative stress in plants under salinity. It supports that the cv.

CSF20 may be also tolerant to early seedling stage.
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Figure 1. Radar plots of sorghum seedlings: (A) exposed to salt stress obtained at 3 days of sowing; and (B)
endoplasmic reticulum stress exposed 3 to 7 days of sowing. Shoot fresh mass (SFW), shoot dry mass (SDW),
root fresh mass (RFW), root dry mass (RDW), and SDW/RDW ratio. Data are the means of 4 repetitions (each
repetition composed of 10 different seedlings).

Since the sorghum seedlings were tolerant to salt, we evaluated if cv. CSF20 could be
tolerant or sensitive to disruption of ER homeostasis. In this current work, fresh and dry mass
were not changed by the presence of DTT, as well as hydrogen peroxide and lipid
peroxidation, which means satisfactory plant health and low cell damage of seedlings under
the lower concentration (Figure 1B). On the other hand, it promoted a decrease of seedling
length, regardless of the concentration used. In agreement, 7.5 mM DTT treatment inhibited
the height and weight of wheat plants after two days (Yu et al., 2019). DTT may act as a
hydrogen peroxide scavenger in shoots from 5 mM, and in roots under 10 mM, the decrease
of H20. promotes a decrease of lignin accumulation (Kovacik et al., 2010) which are
necessary for regular root growth (Foreman et al., 2003). Besides, the reduced growth may
also be linked to lipid peroxidation induced by other ROS, which contributes to membrane
cell instability, associated to the selective portioning of K* over Na" by membrane
transporters (Wang et al., 2019). In fact, the presence of higher concentrations of DTT
promoted an ionic imbalance, it changed the K* portioning between shoots and roots,

increasing K* and reducing Na* contents, especially in the roots.

CONCLUSIONS

The sorghum cv. CSF20 is NaCl tolerant in the early seedling stage. Further, our results
suggest that until 2.5 mM DTT the seedlings may tolerate this reducing agent, and above

5mM the plant started to exhibit deleterious symptoms.
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