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Introduction

Growth is an organized, well-coordinated complex process where metabolism provides

the energy and the building blocks. Plants require light, water, oxygen, minerals and other nutri-
ents for their growth and development. Apart from these external requirements, plants also de-
pend on certain organic compounds to signal, regulate and control the growth of plants. These are
collectively called Plant Growth Regulators or Plant Growth Hormones.
However, it is the relative hormone level that regulates the pace of growth of each individual
plant part, to produce a form that is recognized as a plant. Earlier, only five groups of hormones
(Auxins, Gibberellins, Cytokinins, Abscissic acid and Ethylene) were designated as regulators of
plant growth. However, in the recent past, compelling evidences have been put forward to classify
an additional group of steroidal substances (brassinosteroids, first isolated from rape (Brassica
napus L.) pollen), as a new class of phytohormones (phytosteroids). It was in 1970, when Mitch-
ell and co-workers screened the pollens of nearly sixty species, out of which the extract from
about thirty species generated growth in bean seedlings. This growth promoting substance was
called "Brassin".

The search for its active factor(s) was collectively approached in 1974 by the USD, scien-
tists working at Northern Regional Research Centre (NRRC), Peoria; Eastern Regional Research
Centre (ERRC), Philadelphia and Beltsville Agricultural Research Centre (BARC), Maryland.
Bee-collected pollens (500 1b) were processed through a pilotplant-size solvents (2-propanol) ex-
traction procedure at ERRC and succeeded inpartial purification at BARC. However, it was crys-
tallized at NRRC and was subjected to x-ray analysis to establish its structure. This biologically
active plant growth promoter was found to be steroidal lactone (C,3H430¢) and was named as
"Brassinolide" which was renamed as "Brassinosteroid". All natural Brassinosteroids have a
common 5-choleston skeleton and its structural variants come from the type and the orientation of
functionalities on the skeleton. Their low level in plants is not uniform throughout its body but
young growing tissues have comparatively a larger share than the mature tissues (Yokota and
Takahashi, 1986; Clouse and Sasse, 1998).

BRs are present in the pollen and immature seeds varying its concentration from 1-100 ng g '
FM, while shoots and leaves typically have lower concentrations ranging from 0.01-0.1 ng g'
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FM (Takatsuto, 1994).Up to now, approximately 70 different kinds of BR- linked compounds
from plants have been characterized (Haubrick and Assmann, 2006). Out of which, three
(brassinolide, 24-epibrassinolide and 28-homobrassinolide) are being largely applied to have an
economical impact on plant metabolism, growth and productivity. Grove, et al.(1979) have stud-
ied them extensively since they were detected and characterized from the pollen of the rape plant,
Brassica napus. BRs are normally present at comparatively low doses in plants. Moreover, en-
dogenous BR levels could vary between plant tissues, like immature growing tissues which have
greater BR levels than mature tissues.

Brassinosteroids are intricately involved to control different physiological and metabolic
processes including elongation of stem, growth of pollen tube, maturation of xylem, synthesis of
proteins, and improvement of photosynthetic rate (Farazi, et al., 2015; Rajewska, et al., 2016).
Seed germination and seedling growth are important parameters for healthy crop production.
Seeds are very delicate during germination and can be easily damaged by minor external stimuli
(stress) (Lapik, et al., 2003; Raghava, et al., 2014). BR enhanced germination rate and ultimately
increase seedling growth under stress condition (Ozdemir, et al., 2004; Mahesh, et al., 2013). BR
control the key genes G-protein a-subunit 1 (GPA1) and G-protein coupled receptor 1 (GCR1)
that are responsible for seed germination. GPA1 is a subunit of the heterotrimeric G protein and
GCRI is a putative G protein-coupled cell surface receptor (Lapik, et al., 2003). GPA1 (G-protein
a-subunit 1) is a key gene that regulates various biological processes, including biotic and abiotic
stresses, growth and developmental processes, biosynthesis of flavonoids, as well as activating
transcription factors and nutrient transporters (Chakraborty, et al., 2015). GPA1 interacts with
Pirinl and regulates early seed germination and seedling growth (Lapik, et al., 2003). Over the
past decade, remarkable progress has been made in understanding the biosynthesis of BRs, and
signalling and their multifaceted roles in plant growth and metabolic processes (Wang et al.,
2014; Zhabinskii et al., 2015).Brassinosteroids are also involved in the adaptation of plants to var-
ious ecological cues including Heavy metal toxicity (Nazir, et al., 2019, 2020), salinity (Mir et al.,
2015), temperature extremes (Niu, et al., 2016), drought (Talaat and Shawky, 2016), and patho-
gen infection (Zhu, et al., 2015). BRs modify the plant defense system to counter negative influ-
ences of stress on the plant.

Brassinosteroids under heavy metal stress-

Plants have a remarkable ability to take up and accumulate heavy metals from their exte-
rior, for example aquatic environment. Metal contamination of the aquatic environment occurs as
a result of human activities and affects organisms at the biochemical, cellular, community and
population level. Aquatic plants are primary producers of most aquatic food chains and account
for much of the production base of freshwater and marine ecosystems. They have been used to
remove heavy metals from aquatic environments since they have a high capability for accumulat-
ing dissolved metals without dying. High concentrations of all metals, including those essential
for growth and metabolism, exert toxic effects on the metabolic pathways of plants. Toxicity
mechanisms include the blocking of functional groups of important molecules, e.g. enzymes, pol-
ynucleotides, transport systems for essential nutrients and ions, displacement and/or substitution
of essential ions from cellular sites, denaturation and inactivation of enzymes and disruption of
cell and organelle membrane integrity. Heavy metal toxicity can elicit a variety of adaptive re-
sponses in plants. A ubiquitous mechanism for heavy metal detoxification is the
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chelation of the metal ion by aligned. Such ligands include organic acids, amino acids, peptides
and polypeptides. Peptide ligands include the phytochelatins (PC), small gene-encoded, cysteine
rich polypeptides. They are heavy metal-binding peptides derived from glutathione and have the
general structure (g-Glu-Cys) n-Gly, where n has been reported as being as high as 11, but is gen-
erally in the range of 2-5. PC detoxifies intracellular metals by binding them through thiolate co-
ordination (Cobbett and Goldsbrough, 2002). Similarly Brassinosteroids is a plant steroidal hor-
mone like animal that plays an important role in a variety of plant physiological processes and
adaptation to different kinds to abiotic and biotic stresses (Li, et al., 2013a; Wei et al., 2015).

The cultures of Chlorella vulgaris treated with BRs and heavy metalsaccumulated a lower level of
heavy metals than those cultures treated with metalsalone. A stimulatory effect of BRs after
blocking the accumulation of heavy metalson the growth and development of C. vulgaris occurs.
Application of BRs to C. vulgaris cultures reduced the impact of heavy metals stress on growth,
prevented chlorophyll, sugar and protein loss and increased PC synthesis. Concentration-
dependent stimulation was observed with increasing concentration of BR and decreasing concen-
tration of heavy metals (Bajguz, 2000). BRs stimulated the synthesis of PC in C. vulgaris cells
treated with lead. Thestimulatory activity of BRs on PC synthesis may be sequenced as: brassino-
lide (BL) >24-epiBL > 28-homo-BL >castasterone (CS) > 24-epiCS > 28-homoCS (Bajguz and
Tretyn, 2003).

The accumulation of heavy metals (cadmium, copper, lead and zinc) under the influence of BR
has been studied for different agricultural plants such as barley, tomato, radish and sugar beet. It
was found that the application of 24-epiBL significantly reduced themetal absorption; for exam-
ple, the content of lead in beet roots was more than 50% lower than in the control culture (Khri-
pach, et al, 1999). Brassinosteroids have the ability to regulate the uptake of ions into the plant
cells and they can be used to reduce the accumulation of heavy metals and radioactive elements in
plants. Moreover, BRs also minimize the toxic effects and symptoms generated by excess quanti-
ty of heavy metals (Bajguz, 2010). Brassinosteroids (BRs) regulate a wide range of plant growth
in where double brassinolide stimulate seed germination and different seedling growth parameters
and chlorophyll content in moongbean (Shagun, et al., 2011; Srivastava, et al., 2011).

The mechanisms induced by BRs to ameliorate the deleterious impacts of heavy metals such as
(arsenic, lead , cadmium,copper, nickel, cobalt , manganese) were thoroughly examined and well
explored in literature(Fariduddin, et al, 2015; Hussain, et al., 2019 ; Nazir, et al., 2019, 2020).
BR signifcantly increased tomato seedling growth under low temperature and weak light stress
(Shu, et al., 2016), cucumber seedling growth under Ca (NOs), stress (Yuan, et al., 2012), pepper
shoot growth, fresh and dry weight under stress (Abbas, et a/.,2013). Take other evidence illus-
trated that the BR signaling pathway played a fundamental role in plant cell diferentiation and
increased induced stress tolerance (Xu, et al., 1994; Xia, et al., 2009a; Rehman, et al., 2016; Hou,
et al., 2017). Chlorophyll is highly sensitive to external stimuli (stress) that decrease total chloro-
phyll a, b, and carotenoid contents in leaves (Rehman, et al., 2016). BR promote accumulation of
chlorophylls and photosynthetic capacity by regulating a variety of enzymes including chloro-
phyllase and Rubisco, transcript levels of encoded genes involved chlorophyll and photosynthesis
under stress (Xia, et al., 2009a,b; Hasan, et al., 2011; Li, et al., 2016; Zhao, et al., 2017). BR
played a positive role in fruit ripening and fruit growth of mango, and in the quality of pitaya (Za-
harah, et al., 2012; Li, et al., 2013Db).
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Brassinosteroids response to Lead (Pb) metal stress-

Lead (Pb) is a major heavy metal pollutant in both terrestrial and aquatic ecosystems. Significant
increase in the Pb cause sharp decrease in crop productivity thereby posing a serious problem for
agriculture. Enhancement of 24-epiBL reduced Pb toxicity and enhanced the growth in radish
(Raphanus sativus L.) seedlings by increasing the activities of antioxidant enzymes like CAT,
APX,GPX ,SOD and reducing POD activity. Mitigation of the consequences of Pb (100 or
200uM) was reported in tomato plants as a result of 24-epiBL-mediated increases in the activities
of SOD, CAT, APX and GR and the contents of AsA and GSH (Radyand Osman, 2012). Kohli, et
al. (2018) revealed that the treatment of EBL had improved all gas exchange characteristics in-
cluding cellular CO,,stomatal conductance, net photosynthetic rate, and transpiration rate in Pb
stressed mustard plants. Binary treatment of 24-EBL and SA, further elevated the content of os-
moprotectants. The study revealed that co-application of combined treatment of 24-EBL and SA
led to dimination of toxic effects of Pb in B. juncea seedlings (Kohli, etal., 2019).Swamy, et
al.(2014) confirmed that seed priming treatment with low concentration of HBL accelerated the
net photosynthetic rate, and content of bio molecules such as carbohydrates, proteins, and nucleic
acid in Trigonella foenugraecum plants in response to Pb stress.

Brassinosteroids response to Cadmium (Cd) metal stress-

BR eliminates the toxic effect of cadmium on photochemical pathways in rape cotyledons, mainly
by diminishing the damage in reaction centres and O2 evolving complexes as well as maintaining
efficient photosynthetic electron transport (Janeczko, et al., 2005). Hasan, et al. (2008) also re-
ported that homo BL mediated elevated activity of CAT, POD, and SOD in Cicer arietinum
against Cd (50, 100, or150uM). Application of BRs (10-8 M) to Cd (3.0, 6.0, 9.0, and 12
mgkg—1) stressed Solanum lycopersicum plants enhanced antioxidant system activity and im-
proved fruit yield and quality (Hayat, et al., 2012). In Cd (0.5, 1.0, and 1.5mM)-exposed
Raphanus sativus, adiminished oxidative stress via 24-epiBL (10”7, 10~ and 10™"" M) supplemen-
tation mediated elevation in the activity of GST and PPO enzymes was reported (Sharma, et al.,
2012). Plants developed from the foliar spray treatment of EBL have been reported to show en-
hanced growth as well as total chlorophyll content under metal exposure. Also, exogenous appli-
cation of EBL had improved photosynthetic pigments in radish plants subjected to Cd stress (Ka-
poor, et al., 2016).

Brassinosteroids response to Copper (Cu) and Nickel (Ni) metal stress

BRs also reduced the content of Cu in Indian mustard (Sharma and Bhardwaj, 2007). Spraying
of24-epiBL (1.0uM) to Ni-exposed Brassica juncea was reported to detoxify Ni-impacts (Ali, et
al., 2008a). Elevated CAT, POD, and SOD activity via the spray of 0.01uM of 28-homo BL was
argued to protect five wheat (Triticum aestivum) cultivars (PBW-373, UP-2338, DL-LOK-01,
DL-373andHD-2338) against micro concentrations (50 and 100puM) (Yusuf, et al., 2011). Earlier,
these authors reported BRs mediated significant mitigation of Ni (0.2, 0.4 and 0.6 mM) stress in
Brassica juncea plants by elevating the activity of ROS metabolizing enzymes (and also via low-
ering the metal uptake) (Kanwar, efal., 2012).Application of 24-epiBL ameliorated Ni-stress in
Brassica juncea by enhancing mainly the activity of antioxidant enzyme (Kanwar, ef al., 2013).1t
was revealed that EBL treated plants had increased translocation of Ni to shoots than roots which
60



JOURNAL OF PROGRESSIVE SCIENCE, VOL12, NO.1 &2, 2021

could have mediated through synthesis of organic molecules implicated in their transport and bet-
ter translocation of water to apex cells through xylem, thus maintaining cell elongation (Hu, et al.,
2013).

The 24-epi BL-mediated up-regulation of antioxidant enzyme activity and the elevated
level of proline (osmolyte) were argued to confer Ni-tolerance and improve growth, nodulation
and yield attributes (Yusuf, ef al., 2012). Another experiment was carried out by (Filova et al.,
2013) regarding the effect of BR on the induction of physiological changes in sunflower (Helian-
thus annus L.) against Cu stress. (Yusuf, et al., 2014) reported BRs-mediated improved antioxi-
dant defense (and also nitrogen metabolism) in two contrasting cultivars of Vigna radiata under
different levels of Ni. EBL was also found effective in maintaining proper health of egg plants
and B. juncea plants against salinity and Cu stress respectively (Ding, et al., 2012; Poonam, ef al.,
2014) by enhancing the activities of antioxidative enzymes and antioxidant contents, thus leading
to decrease in oxidative stress.In addition, EBL- triggered protective mechanisms in Solanum
nigrum L. subjected to Ni stress(Soares, et al., 2016). Application of 10-6M 24-epi BL as shotgun
approach (pre-sowing seed soaking) to the Ni-stressed T-44(Ni-tolerant) and PDM-139 (Ni-
sensitive) varieties of Vigna radiata plants improved biological yield, number of nodules, leghe-
moglobin content, and the activity of CAT, POD and SOD enzymes. In addition, Ni and Cu ac-
quisition in tomato plants has been shown to decrease significantly following BR treatment,
thereby decreasing the harmful effects of Ni and Cu (Nazir, et al., 2019, 2020).

Brassinosteroids response other heavy metal stress-

Ali, et al. (2008 a, b) also found amelioration of aluminium stress by applying BRs in
Vigna radiata L. Wilczek. Plants which were provided aluminium treatment showed a steep de-
cline in growth parameters, relative water content, carbonic anhydrase activity, water use efficien-
cy, photosynthetic rate and chlorophyll content whereas proline content and some antioxidative
enzyme activities were found increased in Al stressed plants. Plants which were supplied EBL or
HBL spray exhibited an improvement in the above said parameters along with a further increase
in proline content as well as antioxidative enzyme activities. Another experiment was carried out
by (Arora, et al., 2010) where chromium (Cr) toxicity was reduced in B. juncea L. plants under
the effect of 24-epibrasssinolide. Another study was done by (Choudhary, ef al., 2012) regarding
the antistress properties of Polyamine-Brassinosteroid application against Chromium (Cr) metal
stress in radish (Raphanus sativus L). Sharma, et al. (2016) studied the regulation of stress toler-
ance by 24- epibrassinolide in rice (Oryza sativa L.) seedlings by modulating the antioxidant de-
fense expression against Cr metal toxicity. Overall, BR significantly alleviate the harmful effects
of heavy metals and improve plant growth. Furthermore, supplementation of BRs alleviated the
Mn- induced alterations in the photosyntheticand biochemical attributes of Brassica juncea
(Hussain, et al., 2019a).

Plants under various metal stresses, generate large amounts of ROS which may oxidize
lipids, proteins, and nucleic acids, resulting in disturbances at the cellular level which lead to
apoptosis. The toxic influence of metals on plants also depends on its absorption and bioaccumu-
lation, which in turn is associated with the bioavailability, uptake route, storage, degradation, im-
mobilization, and excretion of the metal, as well as avoidance/tolerance mechanisms. Studies
concerning the molecular mechanism of BRs” activity will allow for better and more thorough
understanding of anti-stress activities of these phytohormones and facilitate the development of
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appropriate strategies of protecting plants from metal stress. BR signal transduction may result in
activation of NADPH oxidase to ROS production, which probably initiates a cascade of protein
phosphorylation through MAPKs to activate transcription factors to target specific genes partici-
pating in cellular protection (Xia, et al., 2009 b). Owing to the importance of BRs in the crop im-
provement, further investigations are needed to identify the key regulatory elements in BR signal-
ling pathway and the underlying mechanism of BR-modulated growth and developmental re-
sponses in major crop plants to design optimal strategies to enhance crop yield and improve their
performance under stress conditions.
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