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ABSTRACT

Biosynthesized metal oxide nanoparticles are used as nano-fertilizers for sustainable
agriculture as they have proven to be promising agents in increasing the germination
rates and plant growth rate. Biosynthesis of copper oxide nanoparticles (CuO-NPs)
was done for the first-time using extract of Mangifera indica leaves. Effects of as-
synthesized CuO NPs on the seed germination of two legume seeds are investigated
at different concentrations (0 - 2.5 mg/ml). UV-Vis and EDX analysis confirm the
formation of CuO NPs & FESEM images revealed spherical shape of NPs with
particle size ranging from 105nm to 155nm. CuO-NPs also revealed to be highly
stable in aqueous suspension with zeta potential value -21.1mV. Germination rate,
root /shoot growth and protein estimated of Cicer arietinum and Vigna radiata seeds
found to be highest at 2.5mg/ml and 1mg/ml concentration, respectively. Negative
impact on germination rate and root/shoot growth was observed due to toxic effects
when CuO-NPs were applied at higher concentration 2.5mg/ml to Vigna radiata
seeds. Thus, it is concluded that optimum concentration of biosynthesized CuO-NPs
can be used to enhance the growth of leguminous seeds because of their possible
interaction with the proteins and their up-regulation as confirmed by bioinformatics
studies and molecular docking of protein.
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improved plant growth and productivity [12,20]. Several NPs

Nanomaterials (typically 1-100 nm) are well recognized due
to their diverse promising application in the field of
electronics, food packaging, biomedical and agricultural and
other technological sectors [1-6]. Nanoparticles (NPs) are
greatly successful because of their large surface area and
size/shape dependent various unique properties (such as
magnetic, electrical, optical, etc.) as compared to their bulk
counterparts [7-10]. Nowadays green/bio-synthesis of NPs
using plant parts like leaves, flowers, fruits, seeds, and roots
[11-16], and microorganisms [11,13,17-19] are preferred
over physical/chemical synthesis methods as they are
cheaper and less hazardous. An increasing number of studies
on biosynthesized NPs and their effects on plants showed

have been explored to stimulate plants’ growth by supplying
balanced nutrients like iron, copper, zinc etc. for improving
crop quality and yield. Besides, NPs based biofertilizer can
also be employed to affect soil fertility and thereby to
enhance plants’ growth in sustainable agriculture.

Recently, the use of biosynthesized metal oxide
nanoparticles (MONPs) as nano-fertilizers, nano-pesticides
and nano-biosensors has received a great deal of attention
in sustainable agriculture [21-23]. MONPs have been
demonstrated to be highly promising in boosting seed
germination rates, chlorophyll content, stomata regulation,
S0 on. ‘Seed germination’ can be considered as the
destruction of viable seeds dormancy in the accessibility of
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favourable conditions. When seeds are developed by the
mother plant under a stressful environment for growth, they
are modified to a dormant stage, until favourable conditions
occur for their development [24]. Plants accumulate and
store proteins in protein storage vacuoles (PSVs) during
seed development and maturation. Upon seed germination,
these storage proteins are mobilized to provide nutrients for
seedling growth. Similarly, an up-regulation of protein and
enzymes such as alpha-amylase protein, pyruvate
orthophosphate dikinase, fructokinase phosphoglycerate,
pyruvate decarboxylase, allergen RAG2 precursor, putative
UDP glucose dehydrogenase, etc. lead to the breaking of
seed dormancy [25]. Besides, the phytohormones such as
gibberellic acids (GA) and abscisic acid (ABA) play an
important role in seed dormancy and germination [27-28].

Apart from these internal factors, various trace
elements and micro-/macro-nutrients are essentially
required in the proper seed germination process. Among
others, copper (Cu) is extremely important for plants as it
acts as a micronutrient and its deficiency may cause
different diseases to leave and their flowering organs.

Similarly, a very high amount of copper might damage
DNA and causes chlorosis and necrosis of cells, and
inhibition of root growth, as it is a high redox transition metal
ion [29]. Moreover, excess copper in soil competes with
other important nutrient uptakes such as iron, zinc, and
phosphorus and reduces seed germination and root growth. It
also accumulates reactive oxygen species (ROS) and
enhances antioxidant activity [30]. In addition, copper is also
a good antimicrobial agent and could be used to fight against
pathogenic microbes due to their both antibacterial and
antifungal activity [31]. Furthermore, studies are reported
that copper NPs can effortlessly adhere to the cell wall and
degrade it leading to disruption of the continuous cell wall
[18,32-33]. Hence the presence of the optimum
amount/concentration of copper should be determined in soil
for better growth of plants.

The Fabaceae or Leguminosae (commonly known as
the legume, pea, or bean) family is the third largest family
of flowering plants, consisting of over 20,000 species. A
legume refers to any plant from the Fabaceae family that
includes its leaves, stems, and pods. Legumes contain
various essential components of a balanced vegetarian diet
which can prevent certain chronic diseases. Legume seeds
are considered a good vegan substitute for animal protein
and therefore it is consumed largely in India and in Asian
countries.

The effect of green synthesised copper oxide (CuO-
NPs) nanoparticles has not been much reported on legume
seeds which have nutrient importance to the Indian vegan
population. Some reports have been made on the effect of
chemically synthesised CuO particles on mung beans [34-
35]. In this study, firstly efforts are given to the green
synthesis of CuO NPs using the extract of mango leaves
which are widely available. Secondly, the study focuses on
the selection of Hereby, biosynthesized CuO NPs applied
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to Vigna radiata (mung beans) and Cicer arietinum
(chickpea) seeds at different concentrations (0 — 2.5 mg/ml)
to evaluate their effects on seed germination and plant’s
root/shoot growth. Further, the enzymes involved in seed
germination are listed and in silico analysis is performed.

EXPERIMENTAL

Materials

All the required chemicals/reagents are of analytical grade
and used without any further purification. Anhydrous
copper (1) chloride (CuCly, molecular weight 134.45
grams) was purchased from HiMedia Lab. Young green
mango leaves were collected from the campus of Birla
Institute of Technology; Mesra. Other reagents like sodium
hydroxide, sodium carbonate, copper sulphate, bovine
serum albumin, and sodium potassium tartrate and folin
ciocalteu were bought from different sources.

Preparation and characterization of mango leaf extract

The fresh mango leaves were washed several times with
distilled water to remove dust particles and then air-dried for
2 hours. 20 grams of the cleaned and dried mango leaves
were finely cut, weighed, and put into the reagent bottle.
After this, 200 ml of distilled water was added to it and the
bottle was kept in a water bath for 2-3 hours at a temperature
of 60°C. The bottle was removed from the water bath after
the leaves becomes decolorized. Next, the bottle was opened
and left to cool down to room temperature and the resulting
aqueous solution was filtered into a conical flask using
Whatman 1 Filter paper. Finally, the obtained mango leaf
extract is stored at freezing temperature (-4°C) in the fridge
for 2-3 days for further use. A small portion of the extract
(~10ml) was used for FTIR analysis.

Biosynthesis of CuO NPs

2.017g of copper (I1) chloride (CuCly) is taken in a 500ml
beaker and 150ml of water is added to the beaker. The
mixture is heated to 75°C under constant magnetic stirring
to form a homogeneous blue color aqueous CuCl; solution.
The aqueous solution is then heated at the same temperature
with constant stirring for about half an hour. Next, the
freshly prepared 75 ml of mango leaf extract is warmed up
to 45°C and then added drop-wise to the heated CuCl,
solution under constant magnetic stirring while maintaining
the temperature at about 75°C. The color of the solution
changes from bluish to brownish black, indicating the
gradual formation of CuO-NPs. The resulting mixture
solution is then heated at the same temperature for one hour
under constant stirring. Later, the supernatant solution is
allowed to cool to room temperature and left overnight to
allow the CuO NPs for settling down. Then, the mixture
solution is centrifuged at 11000 rpm for 10 min and
precipitated pellets of CuO NPs are washed with distilled
water. Moreover, a small part of the supernatant solution
after the centrifugation is decanted and stored in a beaker
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for FTIR analysis. This centrifugation and washing
procedure are repeated 2-3 times. Finally, half of the
washed NPs are dispersed in water and the remaining half
is oven dried at 40°C overnight and crushed into powder for
further characterization.

Characterization of CuO NPs

As-prepared CuO NPs were characterized using several
techniques to determine the structure, morphology (size and
shape), surface coatings, particle size distribution and zeta
potential. UV-VIS absorption spectrum of the water-
dispersed CuO NPs was recorded in the range of 200 - 800
nm using  UV-visible  spectroscopy  (UV/IVIS
Spectrophotometer 3100-XE- Labindia analytical) while
hydrodynamic particle size and zeta potential values of the
aqueous suspension of the CuO NPs were measured by
dynamic light scattering (DLS- Zetasizer nanoseries Nano
ZS, UK). FT-IR spectrum was recorded using ATR
(Attenuated total reflection) mode in a wave number range
of 4000 — 400 cm using a Fourier transform infrared
spectroscopy (FTIR, IR Prestige 21, Japan). Finally,
FESEM images and EDX analysis of CuO NPs powders
were carried out by a field emission scanning electron
microscope (FE-SEM, Jeol Japan). XRD of powdered
sample was carried out by X-Ray Diffractometer (Rigaku
Smart lab X- Ray Diffractometer).

Biochemical/Physiological study of CuO NPs on legume
seed germination

The biochemical/physiological effect of the aqueous
suspension of CuO nanoparticles were studied on the seed
germination of two legume seeds i.e., Mung (Vigna
radiata) and Chickpea (Cicer arietinum). Typically, 30
seeds of mung and 30 seeds of chickpeas were taken in each
of 4 Petri plates. Next, 20 ml of the aqueous suspension of
CuO nanoparticles at different concentrations (0, 0.5, 1 and
2.5 mg/ml) were added and the experiments were
performed in duplicates. After adding the various
concentrated NPs solution, the seeds were left for
germination for 7-10 days and then different techniques
were applied for measurements as mentioned below.

Uptake of CuO NPs by ICP-OES technique

0.5 gram of the seed sample was weighed and put in a
150ml beaker. Then, 10ml of HNO3 and 1ml of H,O, were
added to it. The beaker was kept in boiling water for acid
digestion for about 2 hours until the sample was completely
dissolved. It was then removed from the water and left for
cooling at room temperature. The volume was made up to
100ml by adding distilled water. Finally, 10-15ml of
supernatant was taken for ICP-OES analysis [36].

Germination rate calculation

Among all seeds, the number of seeds germinated is
counted and divided by the total number of seeds.

The germination rate can be calculated by the
following formulae which is
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Germination %

Number of seeds germinated

x 100

total number of seeds sown for germination

Root and shoot length calculation

The root lengths as well as the shoot length of each
germinated seed were measured individually by using a
millimetre ruler.

Protein estimation

The estimation of protein concentration was determined by
the Lowry method based on the complex formation due to
the reactivity of divalent copper (II) ions with the peptide
bond under an alkaline condition. For example, negative
amino acids such as tyrosine, cysteine, and tryptophan react
with positive copper ions. Initially, 0.1gm of sodium
hydroxide (NaOH) was dissolved in 100ml of distilled
water and 2gm of sodium carbonate (Na,CO3) was added
into this to prepare Reagent A. Then, 1 gram of sodium
potassium tartrate was dissolved in 100ml of distilled water
and 0.1gram of copper sulphate (CuSO4) was added into
this to prepare Reagent B. Next, Reagent C was freshly
prepared just before the experiment by combining 1ml of
Reagent B with 50ml of Reagent A. Moreover, a standard
was prepared by using the BSA.

2 grams of the sample was added to 9ml of distilled
water and then finely grounded with a mortar pestle in an
ice box to avoid protein degradation. Next, it was
centrifuged at 4°C at 10000rpm for 10mins. 1 ml of each
sample was added in Test tubes and each test was
performed in duplicates. Also, 1 ml of distilled water was
taken in a test tube which was served as blank. 4ml of
Reagent C is added to each test tube and then left for 10
minutes incubation at room temperature. After 10 mins of
incubation, 0.5ml of Folin Ciocalteu was added to each test
tube and kept for incubation in the dark at room temperature
for 30 min. After incubation OD was taken in Esico (1312)
Microprocessor Photo colorimeter at 450 nm against the
blank. Protein estimation is done by using the Standard
graph prepared earlier.

In silico study

Enzymes involved in the seed germination of legumes
were determined based on reported research articles [37-38]
and pathway databases were cross-checked. Finally,
important enzymes related to the seed germination
process were shortlisted and Pathways concerned with
the seed germination process of leguminous plants
were identified and studied using the KEGG pathway
database (https://www.genome.jp/kegg/pathway.html).
The interactions of these enzymes with different other
proteins or enzymes were studied and compared using a
STRING database (https://string-db.org/). It was found
that beta-amylase in Cicer arietinum and Vigna radiata is
an essential enzyme involved in the seed germination
process. Protein sequences of the enzyme beta-amylase
were obtained from the NCBI database
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(https://www.ncbi.nlm.nih.gov/) in FASTA file format and
then a domain search was done using the Pfam site
(https://pfam.xfam.org/). At the end, Motif analysis was
done using MEME (Multiple Em for Motif Elicitation)

Suite software Y% 54.1 (https://meme-
suite.org/meme/tools/meme).
RESULTS & DISCUSSION

Fig. 1A shows the UV-Vis absorption spectra of as-
prepared biosynthesized NPs and the absorption peak
observed at 272 nm confirming formation of CuO NPs [39].
Fig. 1B depicts the FTIR spectra of mango leaf extract,
extract after synthesis (i.e., decanted supernatant solution
after the centrifugation) and biosynthesized CuO NPs. The
FTIR spectrum at 3315cm™ and at 1600cm correspond to
the bonds of phenols and alcohols confirms that surface of
the CuO NPs is attached with phytochemicals of the mango
leaf extract.
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Fig. 1. (A) UV-Visible absorption spectra of biologically synthesized
CuO-NPs (B) FTIR spectra of mango leaf extract, extract after synthesis/
centrifugation and biosynthesized CuO NPs.

Fig. 2A-C depicts EDX analysis of the as-prepared
CuO NPs sample showed the presence of copper and
oxygen element beside silicon impurities which could be
due to the phytochemicals of the extract used during
biosynthesis [40]. Fig. 2D & Fig. 2E shows the FESEM
images of biosynthesized CuO NPs. It can be seen that CuO
NPs are of nearly spherical shaped with sizes ranging from
105 nm to 155 nm.
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Fig 2. Image of the CuO-NPs sample for EDX analysis (A) Morphological
image of CuO-NPs (B) Table showing various elemental quantitative
result along with weight and atomic percentage present in the CuO-NPs
(C) EDX spectra of then biosynthesized CuO-NPs (D&E) FESEM
images of biosynthesized CuO NPs at different magnifications.
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Fig. 3A shows the DLS plot of biosynthesized CuO
NPs dispersed in aqueous suspension. It can be seen that
CuO NPs have broad size distribution ranging between 90
nm and 530nm (i.e., polydisperse). About 37% particles
have the hydrodynamic size below 200 nm and 33%
particles have hydrodynamic size in the range of 220nm to
295nm. Fig. 3B depicts the zeta potential value of -21.1mV
indicating stable aqueous suspension of biosynthesized
CuO NPs. Fig 3C shows results of XRD confirming the
CuO NPs. One peak is between 38 degree and the other
ranges in between 42 and 50 respectively, which might not
be equal to but nearly similar to the peaks as discussed by
Singh et. al., 2016 [41].
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Fig 3. (A) DLS particle size distribution plot (B) Zeta potential distribution
plot of biosynthesized CuO nanoparticles dispersed in agueous
suspension. (C) XRD result of CuO NPs.
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Table 1 shows the ICP-OES analysis for the uptake of
CuO NPs by Vigna radiata and Cicer arietinum seeds at
different concentrations of (0 - 2.5 mg/ml). It can be seen
that uptake of CuO NPs increased with the concentrations
up to 2.5mg/ml as compared to the control (i.e., 0 mg/ml)
both the seeds. This indicates that CuO NPs are responsible
for the changes that happened in seeds applied to them [37,
42]. Moreover, uptake of CuO NPs is found to be higher for
Vigna radiata seeds than Cicer arietinum seeds at any
concentration other than control.

Table 1. ICP-OES analysis for the uptake of CuO NPs by Vigna radiata
and Cicer arietinum seeds at different concentrations (0 - 2.5 mg/ml).

Concentrati Mean uptake
on of Cu in conc.
in 15ml of
sample
Vigna Control 0.020 mg/L
radiata
0.5mg/ml 0.278 mg/L
Img/ml 0.246 mg/L
2.5 mg/ml 0.857 mg/L
Cicer Control 0.014 mg/L
arietinum
0.5mg/ml 0.149 mg/L
1mg/ml 0.170 mg/L
2.5 mg/ml 0.223 mg/L

Fig. 4A and Fig. 4B show the seed germination images
of Cicer arietinum (chickpea) and Vigna radiata (mung)
seeds respectively and Fig. 4C depict the plot of
corresponding seed germination rate when different
concentrations of CuO NPs (0 — 2.5 mg/ml) are applied. It
can be seen that the seed germination rate of Vigna radiata
seeds is gradually increased with the concentration of CuO
NPs with respect to the control (i.e., 0 mg/ml) and found to
be maximum at Img/ml concentration (and then decreased
at 2.5 mg/ml concentration). On the other hand, the seed
germination rate of the Cicer arietinum seeds is initially
decreased at 0.5 mg/ml concentration with respect to the
control and then gradually increased up to 2.5mg/ml
concentration of CuO NPs. Thus, the germination rate of
Vigna radiata seeds is found to be relatively better at low
concentration of CuO NPs (up to 1 mg/ml) than that of the
Cicer arietinum seeds. On contrary, the germination rate of
Cicer arietinum seeds is found to be better at higher
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concentration of CuO NPs (2.5 mg/ml) than that of the
Vigna radiata seeds.
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Fig. 4. (A) and (B) represent the seed germination images of Vigna radiata
(mung) and Cicer arietinum (chickpea) seeds at different concentrations
of CuO NPs (0 — 2.5 mg/ml), respectively. (C) shows corresponding seed
germination rate plots for Cicer arietinum and Vigna radiata seeds at
different concentrations of CuO NPs.

Fig. 5A shows the images of root and shoots growth
of Vigna radiata and Cicer arietinum seeds at different
concentrations of CuO NPs (0.5 mg/ml, 1mg/ml,
2.5 mg/ml). Fig. 5B depicts the corresponding root and
shoots length of the Vigna radiata and Cicer arietinum
seeds at different concentrations. It can be seen that both
the root and shoot length of Vigna radiata seeds is
gradually increased with the concentration of CuO NPs
with respect to the control (i.e., 0 mg/ml) and found to be
maximum growth at 1mg/ml concentration (and then
decreased at 2.5 mg/ml concentration). On the other hand,
both the root and shoot length of the Cicer arietinum seeds
gradually increased up to 2.5mg/ml concentration of CuO
NPs. Moreover, longer root/shoot length (i.e., higher
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root/shoot growth) is observed for Vigna radiata seeds up
to 1 mg/ml concentration than that of the Cicer arietinum
seeds while better root/shoot length is noted for Cicer
arietinum at 2.5 mg/ml concentration of CuO NPs.
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Fig. 5 (A) Represents images of root and shoot growth of Vigna radiata
and Cicer arietinum seeds at different concentrations of CuO NPs (0 - 2.5
mg/ml) (B) represents graphical plots based on the measurement of root
and shoot length of Vigna radiata and Cicer arietinum seeds at different
concentrations.
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Fig. 6. (A) Images of chickpea and mung seeds samples subjected to
Lowry’s method after being treated with different concentration of CuO
Nanoparticles (0.5 — 2.5mg/ml). (B) Graphical representation of the
estimated protein amount in Vigna radiata and Cicer arietinum at various
concentrations of CuO NPs.
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After performing physiological estimation, biochemical
analysis is performed by protein estimation. Fig. 6A shows
the images of chickpea and mung seeds samples used for
protein estimation via Lowry’s method. Fig. 6B represents
the amount of protein in Vigna radiata and Cicer arietinum
seeds samples treated with various concentrations of CuO
NPs. It can be seen that amount of protein in Vigna radiata
seeds gradually increased up to 1mg/ml concentration of
CuO NPs and then decreased at 2.5 mg/ml concentration as
compared to the control. However, amount of in Cicer
arietinum seeds protein is gradually increased up to 2.5
mg/ml of CuO NPs as compared to the control. Moreover,
higher amount of protein is observed in Cicer arietinum
seeds than that of the Vigna radiata seeds at any
concentration (0-2.5 mg/ml). Thus, we can infer that the
protein is the key factor to affect the germination rate and
root/shoot length which can be improved by applying
optimum concentration of CuO NPs to both the Cicer
arietinum and Vigna radiata seeds. Furthermore, higher
concentration of CuO NPs can produce negative impact on
the germination rate and root/shoot growth due to toxic
effects to the seeds/plants.

Fig. 7A shows the KEGG pathway of seed germination
pathways belonging to legumes family and the results
revealed that "Starch and Sucrose metabolism" is an
important pathway concerned with seed germination in
leguminous plants. The results exhibited that alpha-
amylase and beta-amylase play an important role in the seed
germination process. Fig. 7B depicts the protein-protein
interaction of these enzymes with other enzymes using
STRING database and the results showed that beta-amylase
is a key enzyme responsible for the seed germination
pathway in leguminous plants. It was observed that there
are strong interactions (score: 0.999-0.998) among the
target enzyme beta-amylase (AOA1S3TV97) and other 11
proteins listed in fig. 7 B. All the enzymes are involved in
the Starch and Sucrose Metabolism pathway (starch
catabolic, metabolic as well as starch biosynthesis
processes).

In Fig. 7 C-D conserved motif and domain analysis for
the beta-amylase enzyme was performed using MEME suit
software version 5.4.1. The Conserved domains used in the
classification of beta-amylase of Vignha radiata (mung
beans) and Cicer arietinum (chickpea), namely Glycosyl
hydrolase family 14 (pfam01373) in beta-amylase sequence
were identified by performing an NCBI protein BLAST
search. The primary structure analysis of Beta-amylase
enzymes included amino acid distribution, motif, and
domain analysis. The retrieved FASTA file format amino
acid sequence of Beta-amylase enzyme from the NCBI
database was subjected to MEME suite software version
5.4.1 and a detailed analysis of motif regions was obtained.
A total of 71 motifs were observed in five different
sequences of Beta-amylase enzyme responsible for seed
germination of V. radiata and C. arietinum each when
subjected to MEME suite software. The motif with width
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and best possible match amino acid sequences were
displayed in the results of MEME suite software. The motif
number 1 to 10 (except 8), 12, 13 and 20, (Fig. 7C & Fig.
7D) were uniformly observed in all the sequences. Motif
Number 18 was present in five Beta amylase enzymes
(Beta-amylase with 496 residues of amino acid, Beta-
amylase 3 chloroplastic, Beta-amylase 1 chloroplastic of V.
radiata and Beta-amylase with 496 residues of amino acid,
Beta-amylase 3 chloroplastic of C. arietinum) whereas
motif number 16 and 17 were present in 4 sequences of Beta
amylase enzyme including Beta-amylase 7 isoform X4 and
Beta-amylase 8 of V. radiata and Beta-amylase 7 isoform
X1 and Beta-amylase 8 of C. arietinum. Motif number 11
and 19 were present in 3 sequences of Beta-amylase
including Beta-amylase 8 of V. radiata and Beta-amylase 7
isoform X1, Beta-amylase 8 of C. arietinum. The remaining
motifs were present in only two sequences of Beta-amylase
enzyme sequences. It can be inferred that the conserved
motifs of beta amylase is present in both the legume seeds,
and CuO NPs elevated the expressions of the beta —amylase
enzyme in both the seeds which in turn responsible for the
better seed germination as well as root / shoot development.
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Motif Symbol Motif Consonsus

1. GVMVDCHAGIVEREGPQKY BHSGYRELFQMVREHGLKLQVVMSFHZCGGN

2: AKVAGIHAWYKTRSHAAELTAGY YNPRNRDGY LP IAEMLAKHGVSLNFTC

3, WVLEIGESBPDJFYTDREGRRNPEYLSLGIDKEPVLRGRTPIZVYSDYMR
4, GRRFPGIGEFQCYDKYMLASL
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17. AKPRNDPDGRH
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Fig. 7. (A) Pathway involving Beta-amylase (EC 3.2.1.2) enzyme (red
box) for seed germination in legumes (B) Protein-protein interaction
network of Beta-amylase detected through STRING (PDB ID 1NPC). The
red node (AOA1S3TVI7) represented Beta-amylase and other nodes
represented its predicted functional partners (4-alpha-glucanotransferase
DPE2 (AOA1S3TC30), 14-alpha-glucan-branching enzyme 1
(AOA1S3TPWS3), 1,4-alpha-glucan-branching enzyme 1 (AOA1S3U707),
Alpha-amylase (AOAL1S3UEL3), Alpha-amylase (AOA1S3V9G5), Beta-
amylase (AOA1S3VDS4), Alpha-1,4-glucan phosphorylase
(AOA1S3VK39), 1,4-alpha-glucan-branching enzyme 3 (AOA1S3WO0C4),
Alpha-1,4-glucan phosphorylase (AOA1S3UW13), and Isoamylase 1
(AOA1S3UW?22). Occurrence of 71 tandem motifs (with different colour
code) among 5 different Beta-amylase enzymes of Vigna radiata and
Cicer arietinum each subjected to MEME (C) Motif patterns. First column
represents accession no. of enzymes from NCBI database. (D) Motif
sequences of all individual motifs where first column gives motif numbers,
second column for colour code of different motif and third for individual
sequence respectively.
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CONCLUSION

Biosynthesized CuO NPs is successfully prepared for the
first-time using Mangifera indica leaf extract and evaluated
As-prepared phytochemicals coated CuO NPs are spherical
shaped and polydisperse with particle size ranging from
105nm to 155nm as per FESEM analysis and their aqueous
suspension is highly stable with zeta potential value -
21.1mV. Biosynthesized CuO NPs are applied to legume
seeds (Chickpea and Mung) to investigate their effect on
seed germination rate and plant growth at different
concentrations (0 - 2.5 mg/ml). Germination rate is found
to be the highest for Cicer arietinum and Vigna radiata
respectively at 2.5mg/ml and 1mg/ml concentration of CuO
NPs. Besides, it was found that the root/shoot length as well
as protein estimated amount was found to be gradually
increasing until 2.5mg/ml and 1mg/ml concentration for
Cicer arietinum and Vigna radiata seeds respectively.
Negative impact on the germination rate, root/shoot and
protein concentration growth is observed at higher
concentration 2.5mg/ml to the Vigna radiata seeds which
might be due to toxic effects when CuO NPs that are
applied. Thus, it can be concluded that optimal
concentration of biosynthesized CuO NPs helps to enhance
the growth of leguminous seeds because of their possible
interaction with the proteins and up-regulating them as
confirmed by the studies based on the bioinformatics of
protein and molecular docking of protein. However, further
interaction studies on the proteins and enzymes using
different bioinformatics tools are needed to understand the
effect of CuO NPs on leguminous seeds.
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