
 
 

Helix Vol. 1:483- 486 (2014) 

483 
Copyright © 2014 Helix ISSN 2319 – 5592 (Online) 

 
 
 
 
 
 

Biochemical Responses of Cicer arietinum Seedlings to Zinc And 

Bioengineered Zinc Nanoparticles Stress 
*

1 
K.V. Pavani, 

2 
V. Divya, 

3 
I. Veena, 

4 
M. Sravanthi, 

5 
D. Chandana, 

6 
B. Pooja Naidu, 

7 
K. Sanjana 

1, 2, ,4, 5, 6, 7 Department of Biotechnology, Gokaraju Rangaraju Institute of Engineering and Technology, Hyderabad-500 090, 

Andhra Pradesh, India 
*Email: pavani_20042003@yahoo.co.in 

 

Received: October 24
th

 2013, Accepted: November 15
th

 2013, Published: January 1
st
 2014 

 

Abstract: 

The effect of bioengineered zinc nanoparticles and 

zinc on biochemical analysis was investigated on the 

Cicer arietinum Seedlings. The extracellular 

synthesis of zinc nanoparticles with an average size 

of 47.6 nm was characterized by Transmission 

electron microscopy.  Heavy metals are important 

and essential components in plant growth. However, 

when they increase in concentration, heavy metals 

show symptoms such as delay in growth and 

inhibition of biochemical reactions. Zinc treated 

seedlings showed decreased total sugars, reduced 

sugars and proteins compared to zinc nanoparticles 

treated seedlings. The positive effect of Bioengeneed 

Nano Particles on seeds and seedlings could have 

significant economic impact on agriculture and 

horticulture. 
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Introduction: 

Increasing numbers of commercial products, from 

cosmetics to medicine, incorporate manufactured 

nanomaterials (MNMs) that can be accidentally or 

incidentally released into the environment. 
[1, 2, 3]

 

Though the use of nanoparticles is increasing, yet 

their environmental impact is poorly understood. 

There are many gaps in our knowledge on the effect 

of NPs. There are many unresolved problems and 

new challenges concerning the biological effects of 

these NPs. Concern over the potentially harmful 

effects of such nanoparticles have stimulated the 

advent of nanotoxicology as a unique and significant 

research discipline 
[4]

. However, the majority of the 

published nanotoxicology articles have focused on 

mammalian cytotoxicity or impacts to animals and 

bacteria and only a few studies have considered the 

toxicity of MNMs to plants 
[5]

. 
 

There is a critical knowledge gap in development of 

phytotoxicity. Nanoparticles entering wastewater 

streams may predominantly be incorporated into 

sewage sludge and agricultural land
 [6]

.  Most of the 

studies are focused on the potential toxicity of NPs to     

plants where, both positive and negative effects have 

been reported 
[7]

. Among the positive effects 

recorded, nano-TiO2 was observed to promote the 

growth of Spinach 
[8]

. Some of the research found 

that Carbon nanotubes (CNTs) could enhance root 

growth of onion (Allium cepa) and cucumber 

(Cucumis sativa) 
[9]

. The fate and transport of 

nanoparticles in the environment and also the impacts 

of those materials on plants has not yet been fully 

characterized. The present investigation shows 

positive effect of bioengineered zinc nanoparticles on 

growth and biochemical characteristics of Bengal 

gram seedlings.
 

 

Materials and methods: 

Bioengineered nanoparticles: 

Aspergillus species (BankIt ID: 1526725) isolated 

from the soil samples collected from Hyderabad 

Metal Plating Industry, I.D.A, Balanagar, Hyderabad, 

A.P. were preserved at 4ºC in a refrigerator. A 

loopful of fungal culture was inoculated into a flask 

with 1000 ml  of fungal media and Zinc sulphate       

(KH2PO4–7.0 g/L, KH2PO4–2.0 g/L, MgSO4 · 7H2O– 

0.1 g/L, (NH4)2SO4– 1.0g/L, yeast extract–6.0 g/L, 

glucose–10 g/L Zinc sulphate (ZnSO4) - 5.0mM/L). 

The flask was incubated at 28
0
 C, for 2 days on a 

rotary shaker at 160 rpm, and the cells were filtered 

using filter paper. The filtered solution was 

autoclaved and the size of the nanoparticles was 

determined by Transmission Electron Microscopy 

(TEM) (JEOL JEM 2010, Japan, operated at 120 kV). 
 

Seed germination:  

Certified seeds of Cicer arietinum were obtained 

from the local market. Seeds with uniform size are 

chosen for experimental purpose. Cicer arietinum 

seeds were immersed in 0.1% mercuric chloride 

solution for 5 min for surface sterilization. After 

rinsing three times in sterile distilled water, they were 
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soaked in three different media containing zinc 

nanoparticles, deionised water (control), ZnSO4 metal 

solution (5mM/L) respectively for 48hours. A piece 

of filter paper (Whatman No. 42) was put into each 

Petri dish (90 mm × 15 mm), 4 ml of  deionised 

water, nanoparticle media and ZnSo4 solution were 

added, and 25 seeds were then transferred onto each 

dish. Petri dishes were sealed with parafilm and 

placed in an incubator. The seeds were kept under a 

photoperiod of 12 hr, and 25/18 °C day/night 

temperature. The seedlings were harvested after 14 

days.  
 

Estimation of Total Sugars: 
0.5 g of plant sample (shoot) was homogenized in 10 

ml of 80% Ethyl Alcohol (C2H5OH). The 

homogenate was centrifuged for 20 minutes at 200 g. 

1 ml of the supernatant was taken in a test tube and 1 

ml of 5% phenol and 5ml of 96% sulphuric acid 

(H2SO4) was added. The solution was mixed well and 

kept in water bath at 25
0
c for 20 minutes. The sample 

was read at 490 nm in spectrophotometer. 
 

Estimation of Reducing Sugars: 

0.5 g of plant sample (shoot) was homogenized in 10 

ml of 80% Ethyl Alcohol (C2H5OH). The 

homogenate was centrifuged for 20 minutes at 200 g. 

One ml of the filtrate was taken in a test tube and 

made up to 3ml with distilled water and 2ml of 

Dinitro salicylic acid (DNSA) was added. The 

solution was mixed well and kept in the water bath at 

25
0
c for 5 minutes. The sample was read at 540 nm in 

spectrophotometer. 

 

Estimation of Protein: 
 0.4 g of plant sample (shoot) was homogenized in 8 

ml of 20% Trichloro Acetic Acid (TCA). The 

homogenate was centrifuged for 10 minutes at 300 g. 

Protein content present in the filtrate was determined 

by the method of Lowry et al 
[10]

. 
 
 

Results and Discussion: 

Due to the widespread production and use of NPs, it 

is expected that they find their way into the 

environment, be taken up by plants and consequently 

enter into the food chain.
 [11, 12]

 Objectives of the 

present study were to investigate the effects of nano-

scale zinc and zinc metal on the biochemical 

responses of Bengal grams, as it is important to 

analyse the connections among nanoparticles and 

plants. TEM (Transmission Electron Micrograph) 

revealed the presence of mono and polydispersive 

nanoparticles. The zinc nanoparticles synthesized are 

spherical with an average particle size of 47.6 nm. It 

was also observed that bioengineered nanoparticles 

are aggregated (Fig.1).  
 

Fig 1:  Below shows the Transmission Electron 

Microscope showing the size of Zinc 

nanoparticles.  Magnification 77200 X 

 
 

Total sugars: 

Total sugar content of seedlings of Bengal gram 

grown under Zinc and Zinc NPs stress is represented 

in Fig.2. It is worth to mention that total sugars 

content in Zn NPs treated seedlings was almost 

similar to that of control. Sugar content was found to 

be highest in the seedlings grown in ZnNPs 

(30mg/ml) than zinc (28.8 mg/ml).  Aldoobie 
[13]

 also 

reported that sugar content was hindered in lead, 

chromium and zinc stressed plants. Such inhibition 

may be due to decrease in photosynthesis or 

diversion of metabolites to other synthetic process.
 

[14] 

 

Fig 2:  Changes in the total sugar contents of Cicer 

arietinum grown under Zn and Zn NPS 
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Reducing sugars: 

Chemical analysis of carbohydrates showed 

significant decrease in reducing sugars in response to 

zinc stress (Fig.3). Aldoobie
 
also mentioned that the 

contents of non-reducing sugars decreased in lead 

and cadmium-treated plants. 

 

Fig 3:  Changes in the reducing sugar contents of 

Cicer arietinum grown under Zn and Zn NPS 

 
 

 

Protein estimation: 

Protein concentration was decreased effectively in 

zinc treated seedlings than zinc nanoparticles treated 

seedlings (Fig.4). The results showed that the effect 

of zinc nanoparticles on Cicer arietinum seedlings 

was significant. The decrease in protein content in 

seedlings exposed to zinc suggests the toxic effect of 

the metal. Metals are essential for many proteins in 

plants, although they are toxic in excess. Proteins are 

important constituents of the cell that are easily 

damaged by the environmental stress conditions
 [15]

. 

It is well-known that the active or passive uptake of 

nanoparticles can cause cellular effects and dynamic 

interaction between nanoparticles and protein 

cascades which are essential for the most cellular 

reactions.  

 

 

 

 

 

 

 

Fig 4:  Changes in the total protein contents of  

Cicer arietinum grown under Zn and Zn NPs 

      

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

TABLE-1: Biochemical activities of Bengal gram 

(Cicer arietinum) treated with different solution 
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Conclusion: 

Based on the results obtained from the study, it can 

be speculated that the fate of the heavy metals that 

are transported into the soil can be reduced by the 

microorganisms in the soil. These bioengineered 

nanoparticles at low concentrations are non toxic to 

seed germination. High concentrations of metal 

nanoparticles may be toxic to the plants, but 

bioavailability of these nanoparticles to the plants is 

also important.  It is therefore recommended to 

undertake further research on the potential impacts of 

manufactured nanoparticles on agricultural and 

environmental systems. 
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