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Synthesized and characterized nanoparticles-NPs (copper, copper oxide and copper doped
zinc oxide) are exposed to host (Sesamum indicum L.; family: Pedaliaceae) for assessment
of plant defense responses against oxidative stress with an objective to provide insight on
stress minimizing reaction kinetics. The study also encompasses NPs accumulation in
seedling ash in the form of cations using Atomic Absorption Spectroscopy (AAS). Results
highlight the following: 1) Cu- and CuO-NPs exhibit non-coordinated antioxidant enzyme
responsiveness by the host suggesting prevalence of cellular stress environment;while, Cu-
doped ZnO-NPs show ground level reactivity and 2) antioxidant enzyme responses
corroborates with NPs accumulation.
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INTRODUCTION

Nanomaterials engineered structures residing in the nanoscale
region [1], possesses characteristics like high surface to
volume ratio [1], enhanced penetration ability, potent surface
reactivity [2] among others, are significantfor nano-bio
interaction [3] and toxicological impact on host system [4].
Plantsspecies, primary site of bio-reactivity with soil
deposited nanoparticles-NPs (soil act as sink) that are
anthropogenically released in the environmental inter-
collegium, can be explored (due to applicational simplicity
and cost effectivity) as model for assessment of NPs mediated
stress and toxicity. However, stress accumulation induced by
NPs in host system can activate their own defense mechanism
by triggering anti-oxidant enzymes [5]. Therefore, assessment
of antioxidant enzyme responsiveness can provide insight on
stress minimizing reaction kinetics by the host. With the view
to it, present investigation highlights the antioxidant enzymes
(ascorbate peroxidase-APX, total superoxide dismutase-
tSOD, monodehydroascorbate reductase-MDAR, glutathione
reductase-GR and glutathione-S-transferase-GST) responses
in host (Sesamum indicum L.; Family: Pedaliaceae; oil-seeds
of commerce) following the applications of NPs (copper-Cu,
copperoxide-CuO and Cu-doped zinc oxide-ZnO) on a
comparative basis.

*Corresponding author: Animesh Kumar Datta
Department of Botany, Cytogenetics and Plant Breeding
Section, Kalyani University, Kalyani 741235

The study also encompasses quantification of NPs
accumulation (assessed by Atomic Absorption Spectroscopy-
AAS) in host with an objective to evaluate if there exists any
inter-relationship with the defense enzymes kinetics.

MATERIALS AND METHODS

Germplasm

Breeder seeds of Sesamum indicum L. var. B67 (moisture
content: 7.40%) was collected from Pulse and Oil Seed
Research Station, Govt. of West Bengal, Berhampore, India.

NPs synthesis and characterization

Copper (Cu), copper oxide (CuO) and copper doped zinc
oxide (Cu-doped ZnQO) nanoparticles (NPs) were prepared
following wet chemical co-precipitation techniques [6] and
were subsequently characterized using different opto-physical
instrumentation (UV-vis, FTIR, XRD, DLS-zeta potential and
FESEM) techniques. Results consisting particle size and
morphology (size: Cu-NPs - metallic core- 18.37nm=6.39,
gelatinous shell-64.23nm+22.37; CuO-NPs - 56.47nm=4.20;
Cu-doped ZnO-NPs - 79.2nm+27.48; shape: Cu-NPs - face
centered cuboid geometry; CuO-NPs - spherical to ellipsoidal
geometry and Cu-doped ZnO-NPs - wurtzite hexagonal
nanorod) are reported by Das et al. [6]. Bulk materials
(without employment of capping agents) were also prepared
for comparison.
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Treatments

About two hundred dry seeds were given in each dose (1.0,
2.0 and 4.0 pg ml™; 3 and 6 h durations) of NPs treatments.
Bulk materials werealso prepared (1.0 ug ml™, 3h) and kept
for assessment as control along with dry control for
comparison.

Assessment of NPs uptake in seedlings

About 0.2 g seedlings from each treatment (including bulk
and dry control) were taken as primary dry mass for Atomic
Absorption Spectroscopic (AAS) analysis. Among the six
replicas of each treatment, three were maintained as seed-coat
containing replica (SCR); while, in rest three seed-coat
remnants were removed, surface cleaned with ddH,O and
considered as seed-coat devoid replica (SDR). Seedling ash
was produced following heating the initial dry mass under
muffle furnace (400°C). Ashes were then subjected to acid
digestion (sulphuric acid: nitric acid: perchloric acid::3:3:1)
followed by volume reduction to 5 ml under fume hood.
Remaining acid digested samples were then diluted (volume
made upto 25 ml by deionized water) and analyzed using
AAS (Agilent technologies) with Cu** and Zn®" detection
wavelength at 520 nm and 213.9 nm respectively.

Measurement of antioxidant enzyme reactivity
Ascorbate peroxidase (APX) analysis

Enzyme (EC 1-11-1-11) was extracted from 0.4 g ten days old
frozen seedlings following homogenization in 50 mM
potassium phosphate buffer (pH 7.8, consisting 4 mM
ascorbate, 2M ethylenediaminetetraacetic acid- EDTA, 2 mM
dithithrietol- DTT and 2% w/v polyvinylpyrroidone- PVP).

APX kinetics was measured following Nakano and Asada [7].
Pre-enzyme reaction mixtures were prepared following
addition of 800 uL phosphate buffer (50 mM, pH 7.0), 200
pL EDTA (1 mM), 40 pL H,0, and 760 pL ascorbate (1
mM). Enzymatic reaction was initiated by adding 100 pL
enzyme extract into pre-reaction solution. Rate of absorption
efficiency at 290 nm (€=2.8 mM™ cm™). APX reactivity was
represented as pmol ascorbate oxidation in unit time and
protein concentration.

Measurement of total superoxide dismutase (tSOD),
monodehydroascorbate reductase (MDAR) and glutathione
reductase (GR) reactivity

Antioxidant enzyme isolation was performed from ten days
old seedlings (0.4 g). For the purpose, seedlings were
homogenized in 50 mM phosphate buffer (pH 7.8, containing
2mM EDTA, 2mM DTT and 2% PVP). Resultant suspensions
were centrifuged at 12,000 rpm for 30 min at 40°C. Upper
aqueous phase was taken as enzyme source.

tSOD activity

Total SOD (EC 1:15'1°1) activity was analyzed following
Beyer and Fridovich [8]. Pre-reaction solution was prepared
by adding 880 uL phosphate buffer (50 mM, pH 7.8), 50 pL
L-methionine (10 mM), 30 pL triton X-100 (0.05% v/v), 30
ML nitroblue tetrazolium (NBT, 60 puM) and 20 pL enzyme.
Reaction commences following addition of riboflavin and
light exposure (20W lamp) for 7 min. Absorbance was
recorded at 560 nm and enzyme reactivity was represented as
unit per mg of protein (U mg™).

MDAR reactivity

MDAR (EC 1-6°5-4) kinetics was assessed as per Miyake and
Asada [9] and was expressed as pmol NADPH oxidized per
unit time (min) and protein concentration.

GR kinetics

GR (EC 1-8:5'1) assay was performed as per Carlberg and
Mannervik [10]. For the purpose, pre-reaction solution (200
mM phosphate buffer, 2 mM EDTA, 2 mM NADPH and 20
mM oxidized glutathione, pH 7.0) was mixed with enzyme
extract. Sample absorbance was recorded at 340 nm. Rate
kinetics was measured following extinction co-efficient of
NADPH (6.2 mM™* cm™).

Extraction and estimation of glutathione-S-transferase

For enzyme (EC 2-5-1-18) extraction, ten days old seedlings
were ground in extraction buffer (100 mM phosphate buffer, 2
mM EDTA and 0.2% PVP, pH 7.0). Homogenized
suspensions were centrifuged at 12,000 rpm for 30 min (4°C).
Clear supernatants were taken as enzyme source.

GST reactivity was determined as per Aebi [11]. For the
purpose, pre-reaction mixtures was prepared using potassium
phosphate buffer (50 mM,pH 7.5) and 1 mM 1-chloro-2,4
dinitobenzene (cDNB).
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Figure 1 (a—c) NPs accumulation in seedling ash of Sesamum indicum.
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Reaction was initiated by adding 1 mM reduced glutathione
(GSH) and 100 pL enzyme extract. Increase in absorption
efficiency was reduced at 340 nm.

Statistical analysis

Duncun’s t-test is performed between controls and treatments
using IBM SPSS software v20.

RESULTS AND DISCUSSION
Assessment of NPs accumulation

In relation to dry and bulk controls, NPs accumulation (in the
form of Cu?* and Zn®* metallic cations) in seedling ash
exhibits significant (p<0.05) enhancement in both seed-coat
containing replicas (SCR) and seed-coat devoid counterparts
(SDR); however, the uptake is higher in SCR than SDR (Fig
la—c) therebyindicating that hard seed coat actsas potent
inhibitor against NPs internalization. Seed-coat acting as
barrier for NPs uptake is reported earlier [12,13]. In the
present investigation, NPs uptake is mostly found to bedose
dependent (excepting: 2.0ug mI™, 3h and 4.0 pg ml™, 6h Cu-
NPs). Reduction in Cu?* uptake in 4.0 ug ml™, 6h of Cu-NPs
can be attributed to particle agglomerization as the possible
consequence of gelatinous covering of the synthesized NPs

[6].

Uptake in seedling ash is found to bein the order of CuO-
NPs> Cu-NPs>ZnO-NPs (Fig la—c).

Particle morphology, aggregation tendency, monodispersion
ability, surface charge potentiality, among others are reported
to be the determining factors for NPs accumulation in the
biological system [14-16].

Measurement of antioxidant responsiveness

NPs internalization in seedlings results in varyingdegree of
oxidative stress induction[17]. Das et al. [6] quantified the
amount of oxidative stress in the form of hydrogen peroxide
(H.0,) and malondialdehyde (MDA) by the presently studied
NPs in S. indicum, and it is found in the order of CuO-
NPs>Cu-NPs>Zn0O-NPs. Such oxidative stress may be due to
nano-dimension of the synthesized NPs.

In the present investigation, NPs inducedefensein the form of
antioxidant enzymes effectivityin host in a differential
manner. The enzyme Kinetics is studied in relation to dry and
bulk controls. The studied enzymes demonstrate base level
reaction Kkinetics in alltreatments of Cu-doped ZnO-NPs
(excepting tSOD- 4.0 pgml™, 3h) suggesting insignificant
effect on host defense response.

APX activity enhances significantly (p<0.05) in Cu- and
CuO-NPs treatments mostly (excepting: 2.0 ug ml™ and 4.0
pg ml™, 6h Cu-NPs) in a dose dependent manner (Fig 2 a—c).
At comparative doses, enzyme activity is more pronounced in
CuO-NPs than Cu-NPs.
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Figure 2 Antioxidant enzymes activity (APX: a—c, tSOD: d—f, MDAR: g—i) in host (S. indicum).
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property in all the treated NPs, 5) non-synchronous enzymes
response against Cu- and CuO-NPs treatments suggests
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Figure 3 GR (a—c) and GST (d-f) enzyme Kinetics in host.
Enhancement in APX reactivity indicates successful prevalence of oxidative stress and 6) the antioxidant enzyme

activation of initial step of acsorbate pool recycling [18].
Similarly, tSOD activity also enhances in Cu- and CuO-NPs
treatments (Fig 2 d-f) and the elevation is mostly dose
dependent (excepting 4.0 ug ml™, 3 and 6 h Cu-NPs and 2.0
pg ml?, 3h CuO-NPs). Such results highlight secondary
defense response against reactive oxygen species [19]. At
comparable doses, CuO-NPs also exhibit higher degree of
tSOD reactivity than Cu-NPs.

Cellular level MDAR quantification reveals ground level
enzyme reactivity in both Cu- and CuO-NPs in comparison to
controls (Fig 2 g-i). Dose dependent significant (p<0.05)
increase in GR activity is studied in both Cu- and CuO-NPs
(excepting 1.0 ug ml?, 3 and 6h CuO-NPs); while, GST
effectivity is insignificant excepting 2.0 ug ml™, 6h Cu-NPs
(Fig 3 a-f). APX is one of the essential anti-oxidant enzyme
responsible for conversion of H,O, to H,O [20] resulting in
elevated production of monodehydroascorbate which needs to
be recycled back to ascorbate by MDAR [21] to maintain the
ascorbate pool for proper functioning of APX-MDAR
complex in minimizing oxidative stress. However, result
shows non-synchrony in APX-MDAR-GR-GST activity
leading to malfunctioning of ascorbate-glutathione mediated
oxidative stress reduction system. In the present investigation
defense enzyme reactivity corroborates with NPs uptake
measured in seedling ash which is possibly related to the size
of the synthesized NPs.

Assessment of antioxidant enzyme responsiveness in the
studied host highlights the following: 1) Cu-doped ZnO-NPs
treatments show mostly insignificant antioxidant enzymes
responses in relation to controls, 2) elevation in subcellular
tSOD concentration in Cu- and CuO-NPs treatments
demonstrate activation of secondary defense response, 3)
enhance APX-GR reactivity exhibits successful functioning of
initial stress minimization reaction associated with ascorbate
pool recycling, 4) MDAR and GST shows base level kinetic

kinetics corroborates with NPs uptake.

CONCLUSION

Results demonstrate that Cu- and CuO-NPs exhibit non-
synchronous activation of ascorbate pool recycling enzymes
system along with successful functioning of secondary
defense responses associated with tSOD activity and
prevalence of oxidative stress.
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