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ABSTRACT

Pesticides are applied to protect crops from a variety of insect pests but their application cause toxicity
to plants that results, among others, in reduction of protein as well as amino acid contents. The present
study is aimed at observing the effect of seed pre-soaking with 24-epibrassinolide (EBL) on the protein and
amino acid content in the leaves of Brassica juncea L. grown in soil that is amended with pesticide im-
idacloprid (IMI). Soil amendment with IMI resulted in a decrease in the contents in leaves of total proteins
and 21 amino acids studied. Seed soaking with 100 nM of EBL resulted in the recovery of total protein as
well as amino acid contents in leaves, when compared with plants grown in only IMI amended soils.
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INTRODUCTION

Leaf mustard (Brassica juncea L.) is a well-
known green leafy vegetable, which is an important
source of vitamin C, antioxidants, beta-carotene,
vitamin E, carbohydrates and proteins. Amino acids
are the building blocks of proteins and precursors
for the regulation of genes responsible for the bio-
synthesis of secondary metabolites (Garcia & Pé-
rez-Urria Carril 2009; Cuin & Shabala 2007; Wu
2009; Kumar et al. 2017). B. juncea L. is attacked
by various pests like aphids, cut worms, leaf hop-
pers, and so on, which are generally controlled by
pesticides (Rabbinge & Oijen 1997), with imidaclo-
prid (IMI) being the most effective pesticide against
the above pests (Ko et al. 2014). But pesticides also
cause toxicity to the plants leading to retarded growth,
degradation of photosynthetic pigments, reduced pho-
tosynthesis and declined protein content (Kara et al.
2004; Sharma et al. 2015, 20164, b, 2017a). Brassino-
steroids (BRs) are reported to enhance the growth as
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well as the protein content of plants under heavy
metal and pesticide (Arora et al. 2010; Hayat et al.
2012; Sharma et al. 2015). 24-epibrassinolide (EBL)
is also reported to reduce imidacloprid residues in
B. juncea L. leaves and pods (Sharma et al. 2016c;
2017b, c). Keeping in mind the physiological roles
of BRs in plants under pesticide stress, the present
experiment was designed to observe the effect of
EBL on protein and amino acid contents in
B.juncea L. leaves under IMI toxicity. Since,
B. juncea is commonly used as a leaf vegetable, the
current manuscript is focused on the protein and
amino-acid analysis in fresh leaves.

MATERIALS AND METHOD

Plant material

Seeds of B. juncea L. genotype RLC-1 were pro-
cured from Punjab Agricultural University, Ludhi-
ana, India. Experimental plants were raised in pots
amended with 0 or 300 mg IMI-kg* soil (50%
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inhibitory concentration). Pots (6 pots per treat-
ment) were filled with 8 kg soil containing clay,
sand and manure in the ratioof 2 : 1: 1. IMI 17.8%
S.L. (Imida) was used to prepare the experimental
concentration. Pots filled with soil were poured with
IMI before the sowing. To observe the effect of
EBL, seeds were soaked in 0 or 100 nM-dm™ of
EBL for 8 h and then rinsed with distilled water be-
fore sowing in IMI amended and not amended soils.
Seeds were sown in pots after four days of IMI treat-
ment. Pots were kept in the open field and were ir-
rigated with ground water as per requirement. In or-
der to avoid the edge effect, the positions of the pots
were interchanged every two weeks. Leaves of
B. juncea were analyzed for protein and amino acid
content after 30 and 60 days of seed sowing (DAS).
Analysis was done using three biological replicates.
Protein content estimation and amino acid pro-
filing

Protein content was estimated according to Lowry
et al. (1951). Amino acid profiling was done using
amino acid analyzer (Shimadzu, Nexera X>) accord-
ing to Iriti et al. (2005), with minor modifications
(Kumar et al. 2015). To analyze the samples, mobile
phase-A contained phosphate buffer (pH 5.6), mo-
bile phase-B contained acetonitrile, methanol and
ultrapure water (in the proportion 9 : 8 : 3), mobile
phase-Ro contained 80% methanol and mobile
phase-R3 contained 20% acetonitrile. To wash the
analytical column, 0.1% formic acid dissolved in
50% methanol was used. The samples were pre-
pared using mercaptopropionic acid buffer, O-
phthalaldehyde and 9-fluorenylmethyl chlorofor-
matein. The sample volume used for injection was
1 pl. The analytical column, silica-bonded amino-
acid column Ciswas used.

Statistical analysis

Results were statistically analyzed by two-way
ANOVA and Tukey’s HSD (p < 0.05) using self-coded
software in MS-Excel-2010 (Sharma et al. 2016d).

RESULTS AND DISCUSSION

Total protein contents in leaves, measured 30
and 60 days after seed sowing, were reduced in the
samples in which IMI was applied to the soil, in
comparison with plants grown in the untreated soil.

Seed treatment with EBL resulted in an increase in
protein when compared to the content in leaves of
the untreated plants. Soaking of seeds in EBL recov-
ered the content of total protein in leaves of plants
grown in IMI amended soil (Table 1).

Table 1. Effect of seed soaking with 24-epibrassinolide
(EBL) on protein content in the leaves of Brassica juncea
plants grown for 30 and 60 days in soil amended with
imidacloprid (IMI)

Treatments Protein content

(mg-g* fr. wt.)
T BT ooas cooas
0 0 9.9%+0.8 13.2Y+0.7
0 100 10.82+ 0.5 15.32+ 0.7
300 0 9.2+ 0.8 9.2°+0.4
300 100 11.22+0.2 14.0% + 0.7

Data are Mean+SD (n = 3), Two-way ANOVA, Tukey’s
test. Means with same letter are not significantly different
from each other at p < 0.05 (Columnwise).

The same trend was found in total amino acid
contents, with the exception that the application of
EBL in the form of seed soaking did not increase the
total amino acid contents in plants grown in un-
treated soil. The presence of IMI in the soil de-
creased the content of amino acids, and the applica-
tion of EBL did not recover the amino acid contents
fully in both scenarios, namely 30 and 60 days after
seed sowing. A decrease in the contents of single
amino acids in leaves in IMI amended soil was rec-
orded after 30 DAS for glycine, arginine, alanine,
tyrosine, phenylalanine and isoleucine; after 60
DAS, a decrease in the contents was recorded for
serine, glutamine, histidine, glycine, arginine,
GABA, cysteine and valine. In the result in seed
soaking in EBL, a full recovery was made in tyro-
sine but partial in arginine and glycine in the sam-
ples analyzed after 30 DAS (Table 2). In the sam-
ples analyzed after 60 DAS, a full recovery was rec-
orded for GABA and partial in serine, glutamine, ar-
ginine and proline samples (Table 3).

The decrease in protein content might be due to
protein degradation caused by an increased protease
activity or due to the process of autophagy, which de-
grades the proteins oxidized under environmental
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stress (Xiong et al. 2007). This results in the gener-
ation of free amino acid pool that is involved in
maintaining the pH and osmotic pressure of the cell,
nitrogen storage and ultimately protection of the
components of cells under abiotic stress (Parida et
al. 2004). The decrease in amino acid content by
IMI might be due to the blockage of amino acid syn-
thesis pathways; this finding was supported by the
studies carried out by Steinriicken and Amrhein
(1980), who found that glyphosate pesticide causes
blockage of shikimate pathway for aromatic amino
acid synthesis due to 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS) inhibition. Moreover, it
might be possible that the decrease in the protein and
amino acid contents was due to the lesser availability
of essential elements including N, S and P, as all
these are integral constituents in protein metabolism.

Our earlier studies have also demonstrated that IMI
application to soil resulted in the reduction of N, S
and P contents in the leaves of B. juncea (Sharma et
al. 2016e). Moreover, EBL seed soaking recovered
the contents of these elements under IMI toxicity.
Amino acids like GABA and proline are supposed to
be involved in increasing the resistance of plants un-
der abiotic stress conditions (Queiroz et al. 2012;
Sharma et al. 2015). Glycine, cysteine and phenylal-
anine are involved in triggering the antioxidative sys-
tem of plants, as these amino acids also act as sig-
naling molecules (Teixeira et al. 2017). Moreover,
the accumulation of other amino acids like arginine,
alanine, tyrosine, isoleucine, serine, glutamine, his-
tidine and valine were also related to the enhanced
resistance of Glycine max plants subjected to salt
stress (Queiroz et al. 2012).

Table 2. Effect of seed soaking with 24-epibrassinolide (EBL) on amino acid contents in the leaves of 30-day old
Brassica juncea L. plants grown in imidacloprid (IMI) amended soils

Name Treatments
IMI (mg-kg™t) 0 0 300 300
EBL (nM-dm?®) 0 100 0 100

Amino acid content (mg-g* f. w.)

Aspartate 0.1552+ 0.035 0.160%+ 0.032 0.130°+0.012 0.1417+ 0.025
Glutamate 0.166% + 0.032 0.1712+0.016 0.165%+ 0.027 0.185%+ 0.028
Asparagine 1.1942+ 0.035 1.215%+ 0.147 0.910%+ 0.145 1.046%+0.123
Serine 0.434*+0.126 0.5072+ 0.063 0.344% + 0.040 0.3822+0.018
Glutamine 11162+ 0.316 1.238%+ 0.095 0.794% £ 0.158 1.076% + 0.065
Histidine 2.6232+0.410 2.6322+0.369 1.8592+0.106 2.22124+0.202
Glycine 0.434% + 0.067 0.464% + 0.025 0.253°+ 0.044 0.322¢ + 0.063
Arginine 1.7113+ 0.065 1.7508+ 0.102 1.187°+0.041 1.415° £ 0.056
Threonine 0.1222 + 0.040 0.123*+0.024 0.116%+ 0.029 0.164*+0.018
Alanine 0.679*+0.079 0.648% + 0.026 0.441° + 0.127 0.572% + (.084
GABA 0.026° + 0.004 0.029° + 0.002 0.3112+ 0.076 0.318%+0.051
Tyrosine 0.265% £ 0.035 0.2722+0.016 0.173*+0.017 0.2522+0.016
Cysteine 0.194% + 0.040 0.208% + 0.040 0.1392+0.023 0.150%+0.015
Valine 0.062% + 0.007 0.070%+ 0.008 0.0572+ 0.008 0.085%+0.016
Methionine 0.1372+0.032 0.138*+0.016 0.089%+0.012 0.124%+ 0.022
Tryptophan 0.1552+ 0.018 0.1622 + 0.029 0.1042+ 0.029 0.116%+ 0.021
Phenylalanine 0.1812+0.013 0.185%+ 0.035 0.121°+ 0.007 0.128°+0.017
Isoleucine 0.156% + 0.035 0.199% + 0.046 0.056° + 0.012 0.059*+ 0.015
Leucine 0.1432 £ 0.031 0.1572+0.018 0.1392+ 0.035 0.1452+0.019
Lysine 0.1542 £ 0.025 0.154%+ 0.041 0.1522+0.016 0.153*+0.031
Proline 0.285° + 0.043 0.304° + 0.084 0.320% + 0.036 0.466% + 0.077
TOTAL 10.392+ 0.184 10.78%+ 0.379 7.861°+0.211 9.517¢+ 0.177

Data are Mean + SD (n = 3), Two-way ANOVA and Tukey’s test. Means with same letter are not significantly different

from each other at p < 0.05 (Row-wise).
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Table 3. Effect of seed soaking with 24-epibrassinolide (EBL) on amino acid content in the leaves of 60-day old
Brassica juncea L. plants grown in imidacloprid (IMI) amended soils

Name Treatments
IMI (mg-kgt) 0 0 300 300
EBL (nM-dm®) 0 100 0 100
Amino acid content (mg-g* f. w.)

Aspartate 0.249%+ 0.039 0.250% £+ 0.040 0.242% + 0.062 0.245%+ 0.070
Glutamate 0.190% + 0.032 0.1922 + 0.047 0.163%+ 0.032 0.2442 £ 0.027
Asparagine 1.3332+0.185 1.3672+0.129 0.985%+ 0.256 1.3272+ 0.190
Serine 0.5542 + 0.059 0.5812+ 0.101 0.336° + 0.056 0.467% + 0.062
Glutamine 1.271% + 0.084 1.3942+ 0.210 0.993°+0.121 1.070% + 0.048
Histidine 3.394% + 0.197 3.380% £ 0.351 1.637°+0.139 2.094° £ 0.100
Glycine 0.450° + 0.043 0.455° + 0.023 0.391° + 0.094 0.6012 +0.023
Arginine 1.719% + 0.065 1.785*+ 0.129 1.297°+0.083 1.678% + 0.296
Threonine 0.150%+ 0.034 0.161%+ 0.049 0.1372+£0.014 0.1552+ 0.031
Alanine 0.803*+ 0.153 0.8452+0.120 0.8392+ 0.024 1.0142+0.117
GABA 0.027° + 0.008 0.033°+ 0.004 0.030° + 0.005 0.0482 £ 0.004
Tyrosine 0.3712+ 0.033 0.3912+ 0.068 0.351%+ 0.044 0.377% £ 0.045
Cysteine 0.1942 +£ 0.032 0.1962 + 0.024 0.109° + 0.008 0.118°+0.017
Valine 0.0712+ 0.003 0.075%+ 0.004 0.037°+ 0.007 0.039° + 0.007
Methionine 0.1732+ 0.052 0.170%+ 0.039 0.155%+ 0.027 0.160% + 0.023
Tryptophan 0.162%+ 0.037 0.175%+ 0.048 0.136%+0.012 0.1392+0.018
Phenylalanine 0.186%+ 0.020 0.1912+ 0.065 0.106% + 0.025 0.1232 £ 0.021
Isoleucine 0.1622+ 0.018 0.169% + 0.038 0.1312+ 0.031 0.1542 + 0.025
Leucine 0.146% + 0.047 0.1672+0.015 0.1592+ 0.028 0.2122+0.021
Lysine 0.160%+ 0.034 0.161%+ 0.039 0.1462 + 0.007 0.1662 + 0.035
Proline 0.312+0.058 0.316°+0.010 0.396% + 0.072 0.4672 £ 0.020
TOTAL 12.08%+ 0.073 12.45%+0.472 8.78°+0.412 10.89 + 0.527

Data are Mean + SD (n = 3), Two-way ANOVA, Tukey’s test. Means with same letter are not significantly different from

each other at p < 0.05 (Row-wise).

In conclusion, EBL application has a positive
role in restoring the protein as well as amino acid
contents of plants under pesticide stress. Increase in
protein content as a result of EBL application could
have been due to the BR-modulated synthesis of pol-
ypeptides and proteins under normal as well as envi-
ronmental stress conditions (Kulaeva et al. 1991;
Clouse & Sasse 1998; Dhaubhadel et al. 2002). Ad-
ditionally, the BR-mediated alteration in proteins and
enzymes by regulation of transcription and transla-
tion (Bajguz 2000) was found to be one of the reasons
behind the enhanced protein and amino acid contents
as a result of EBL seed treatment.
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