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Antibacterial Activity of Cu Nanoparticles against E. 
coli, Staphylococcus aureus and Pseudomonas aeruginosa

Abstract
                         

Copper nanoparticles (CuNPs) were synthesized under ambient temperature by wet chemical method 
and evaluated their antibacterial activity by the means of well diffusion method. In this study, we 
have analyzed the effect of NaBH4 concentration on the synthesis of CuNPs. Surface plasmon 
resonance (SPR) was occurred at 575 nm. Scanning electron microscopy micrographs shows 
CuNPs have spherical morphology with size range of 20-40 nm. Dynamic light scattering (DLS) 
showed the particles size increases with the concentration of reducing agent NaBH4. As prepared, 
CuNPs, demonstrated antibacterial activity against E. coli, Staphylococcus aureus and Pseudomonas 
aeruginosa. The potential mechanism of antibacterial activity was discussed with diagrammatic 
representation.
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Introduction

In chemical sciences, synthesis of transition metal 
and metal oxide nanoparticles (NPs) is a growing 
research field [1, 2]. Copper nanoparticles (CuNPs) 
have attracted great interest due to their optical, 
catalytic, mechanical and electrical properties. Copper 
is a good alternative material for noble metals such as 
gold and silver, as it is highly conductive and much 
more economical than the preceding ones [3, 4, 5]. 
There are different methods of synthesis of CuNPs, 
including thermal reduction [6], metal-vapor synthesis 
[7], chemical reduction [8], vacuum vapor deposition 
[9], radiation methods [10], micro emulsion techniques 

[11], polyol processes [12] and laser ablation [13]. It 
has been reported that metal nanoparticles (Ag, Cu, 
CuO, Au) exhibit a wide spectrum of antimicrobial 
activity against different species of microorganisms 
[14 ,  15] .  The ant ibacter ial  act ivi ty of  s i lver 
nanoparticle was analyzed against gram positive 
and gram negative bacteria, which revealed silver 
nanostructured material is a prominent source for 
antibacterial activity [16, 17]. Antibacterial activity of 
CuNPs has been reported against Escherichia coli 
[18, 19] and Staphylococcus aureus [20, 21].

However, there are some concerns related to 
environmental and human safety regarding the release 
and consumption of metal nanoparticles, which are yet 
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to be explored. Excessive release of silver, for example, 
causes environmental pollution which in turn makes 
silver harmful to humans and animals. Copper is no 
exception, because an excess of copper in the human 
body leads to the generation of the most damaging 
radicals, such as the hydroxyl radical [22]. However, 
there are copper-transporting adenosine triphosphatases 
(Cu-ATPases), including ATP7A and ATP7B, which 
play an important role in the homeostasis and export, 
of  excess copper through the intestine (ATP7A) as 
feces, the liver (ATP7B) as a bile product, and the 
mammary gland (ATP7B) as milk [22, 23]. 

In the present study, we synthesized copper 
nanoparticles under ambient conditions using simple 
and rapid wet chemical method. These nanoparticles 
were studied for their  antibacterial  activit ies 
against strain of E. coli,Staphylococcus aureus 
and Pseudomonas aeruginosa. The bacterial strain 
selection was done by means of different gram strain 
and in terms of their clinical significance. A possible 
mechanism of antibacterial activities of CuNPs is 
proposed with schematic presentations in the paper. 

Materials and Methods
Chemicals and bacterial strains

Copper sulfate (CuSO4.5H2O), polyvinyl alcohol 
(PVA), sodium borohydride (NaBH4) and sodium 
chloride (NaCl) were used as received.  Commercially 
available Mullar Hinton media was used in the 
study for in-vitro growth of bacteria. The strain of 
E. coli,Staphylococcus aureus and Pseudomonas 
aeruginosa were obtained from Amity Institute of 
Microbial Technology, Amity University Uttar Pradesh, 
India. 

Synthesis and characterization of CuNPs 

Copper nanopart icles  were synthesized by 
method used in previous study (Deng et.al., 2011) 
with some modifications. Briefly, 0.034 M copper 
sulfate (CuSO4·5H2O) solution was mixed with 
2.5% polyvinyl alcohol solution in Erlenmeyer 
flask. Subsequently, 0.5 Molar solution of sodium 
borohydride (NaBH4) was added in above solution 
drop by drop with vigorous stirring. The formation of 
CuNPs was monitored using Double Beam UV visible 
spectrophotometer in 1 cm path length quartz cuvette 
by scanning the sample between 400 to 700 nm. The 
size distribution profile of synthesized CuNPs was 

analyzed by dynamic light scattering (DLS). The size 
and morphology of synthesized nanoparticles were 
analyzed using scanning electron microscopy (SEM) 
and high resolution transmission electron microscopy 
(HRTEM). Samples for SEM and TEM were prepared 
by drop and dry method. Few drops of liquids 
containing Cu nanoparticles were put on the SEM 
sample holder and TEM grid, and dried at 50 °C. 

Antibacterial analysis of CuNPs

The antibacterial activity of chemically synthesized 
CuNPs was evaluated against E. coli,Staphylococcus 
aureus and Pseudomonas aeruginosa by well diffusion 
method [14, 16]. Luria-Bertani (LB) media were used 
for the growth of bacterial strains. After solidification 
of LB media, 5 mm diameter wells were punched with 
the help of cork borer. Uniform Spreading of bacterial 
culture was done on each agar plates. In every well, 
different concentrations of CuNPs, viz 20, 40, 60 and 
80 μL were added and plates were incubated at 37 °C 
for 24 hours. After incubation, the zone of inhibition 
was measured. Each experiment was repeated in 
triplicates.

Results and Discussion
UV-Vis Spectroscopy analysis

The absorption spectrum between 400 to 700 nm in 
UV-Vis spectroscopy for the prepared nanoparticles is 
shown in Fig. 1. A broad band is observed between 550 
and 600 nm with a peak at 575 nm in the yellow region 
of the visible range of light spectrum. General surface 
plasmon resonance of CuNPs was observed in the 
range of 569-597 nm in earlier studies [24]. Therefore, 

Fig. 1 UV-Vis study of the prepared CuNPs shows a peak at 
580 nm.
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the presence of a band in this wave length range in the 
present study confirms the formation of CuNPs.

Dynamic light scattering (DLS) analysis

Dynamic Light Scattering (DLS) was used to 
determine the size distribution profile, the poly-
dispersities and the aggregation effects of colloidal 
samples. The copper nanoparticles were synthesized 
in different sizes using various concentrations of 
NaBH4 solution in the reaction mixture. As shown in 
Fig. 2, the color of colloidal solutions darkens with the 
increasing concentration of reducing agent. Fig.3 (a)-(d) 
shows the change in sizes with the amount of NaBH4. 
As shown in Fig. 3, the diameter of nanoparticles 
increased with the increasing concentration of NaBH4 
solution. The diameter increased from 13.5 nm to 
190.14 nm. The effect of reducing agent was easily 
identified on the basis of color of colloidal solution 

of copper nanoparticles. Diameter increase was also 
accompanied with the change in the color of particles. 
As revealed by DLS study (Fig. 3(a)), nanoparticles 
in the transparent solution as shown in Fig. 2(a) 
have a comparatively smaller average size of 13.54 
nm than the nanoparticle synthesized by using more 
concentrations of NaBH4 58.78, 58.78, 105.7 and 
190.14 nm, respectively (Fig 2(b)-(e)). 

Fig. 3 Change in color of the CuNPs with increase in diameter after treatment with NaBH4.
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Fig. 2 Size measurement of CuNPs using differential light 
scattering after adding different amounts of NaBH4.
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Scanning electron microscopy (SEM) 
analysis

SEM micrographs in Fig. 4 under magnification of 
92.35 K show the Cu nanoparticles of 100-150 nm. 
However, high magnification study of the sample 
using 203.53 K revealed existence of much smaller 
nanoparticles in a cluster.  

HRTEM study
HRTEM micrograph in Fig. 5(a) shows the two 

clusters of CuNPs nearby each other. The observation 

of a portion of a cluster in high magnification in 
Fig. 5(b) shows the very small sized nanoparticles 
of 4-5 nm diameters. HRTEM study confirmed that 
the nanoparticles seen in the SEM is the cluster of 
CuNPs. EDX study of the portion demonstrates the 
presence of Cu with slight amount of oxygen in these 
nanoparticles.   

Antibacterial activity analysis

Chemically synthesized copper nanoparticles were 
analyzed for antibacterial activity against bacteria such 
as E. coli, Staphylococcus aureus and Pseudomonas 
aeruginosa. These tests were performed on LB plates 
by well diffusion method, and the growth of bacteria 
was inhibited by CuNPs which formed an inhibitory 
zone as shown in Fig. 6. The highest zone of inhibition 
was observed for E. coli (Fig. 6 & 7) and had more 
average diameter of zone of inhibition as compared to 
other bacteria used (Fig. 6 & 7). Recently, there have 
been few reports on the mechanism of bactericidal 
activity of CuNPs when used alone or along with 
some other materials. The CuNPs has been found 
to generate reactive oxygen species (ROS) and to 
ultimately result in cell death. The size of the nano 
particle has also been found to be responsible for the 
toxicity; the smaller the size is, the greater toxicity it 
has. Bacteria are protected by a layer called cell wall 
- an essential element for its survival. It is composed 
of polysaccharides and peptides which are called 
peptidoglycan. The thickness of the cell wall varies in 
both gram-negative (thin layer of peptidoglycan) and 
gram-positive bacteria (thick layer of peptidoglycan). 
The copper nanoparticles directly bind with cell wall 
and interact with the membrane proteins, causing the 

Fig. 5 HRTEM micrographs of (a) two clusters of CuNPs; and (b) a portion of a cluster in (a) in high magnification.

Fig. 4 SEM micrographs of CuNPs using magnifications of (a) 
×92.35 K; and (b) ×203.53 K.
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perforation of membrane which results in the release of 
intracellular material [25]. In one report, CuNPs was 
found to act as an efflux inhibitor in bacterial cells, the 
antibacterial effect of which was partly mediated by 
particle effect and partly by ion effect [26]. Some other 
studies suggested that Cu ions originating from the NPs 
may interact with phosphorus and sulfur-containing 
biomolecules, such as DNA and protein to distort their 
structures and thus disrupt biochemical processes [27-
30]. Thus, from the results of earlier and our studies, 
we propose that CuNPs prepared here cause bacterial 
cell death due to multimodal action (Fig. 8).

 Conclusions

In this study, we synthesized copper nanoparticles 
wi th  var ious  s izes  a t  ambient  condi t ion and 
characterized them with UV-Vis spectroscopy, DLS and 
SEM. The concentration of NaBH4 plays an important 
role in the size of nanoparticles. DLS shows that 
nanoparicles suspension color was darkening with the 
increasing concentration of NaBH4. SEM micrograph 
reveals that particles are spherical with 20-40 nm in 
size. The synthesized nanoparticles shows effective 

antibacterial activity against E. coli,Staphylococcus 
aureus and Pseudomonas aeruginosa. The antibacterial 
mechanism was discussed with diagrammatical 
representation. 

Acknowledgements

All authors are grateful to Amity University, Noida 
for providing excellent facility for above research 
work.

Conflict of Interest

The authors declare that they have no conflict of 
nterest in the publication.

References 

[1]	 J. Mittal, K.L. Lin, Exothermic low temperature sintering 
of Cu nanoparticles. Materials Characterization, 2015, 
109: 19-24.

[2]	 M.A. Shah, M. Al-Ghamdi, Preparation of copper (Cu) 
and copper oxide (Cu2O) nanoparticles under supercritical 
conditions. Materials Sciences and Applications, 2011, 2: 
977-980.

Fig. 6 Antibacterial analysis against pathogenic bacteria: (a) 
E. Coli; (b) Staphylococcus aureus; and (c) Pseudomonas 
aeruginosa.

(a) (b) (c)

Fig. 7 Antibacterial activity of CuNPs against pathogenic 
bacteria in terms of zone of inhibition.

12
10
8
6
4
2
0Zo

ne
 o

f i
nh

ib
iti

on
 (m

m
) % of inhibition

E. coli S. aureus Pseudomonas
Diameter of different bacterial inhibition

Fig. 8 Schematic representation of probable antimicrobial mechanism of CuNPs.

Generation of reactive
oxygen species

e−
e−

ROS

Interruption of electron transport

DNA damage

Release of Cu2+ ions
Protein oxidation

Disruption of
membrane cell wall

Cu2+



14 Nano Biomed. Eng., 2017, Vol. 9, Iss. 1

http://www.nanobe.org

[3]	 E.K. Athanassiou, R.N. Grass, and W.J. Stark, Large-
scale production of carbon-coated copper nanoparticles 
for sensor applications. Nanotechnology, 2006, 17: 1668-
1673.

[4]	 W.K. Han, J.W. Choi, G.H. Hwang, et al., Fabrication 
of Cu nano particles by direct electrochemical reduction 
from CuO nano particles. Applied Surface Science, 2006, 
252: 2832-2838.

[5]	 C. Pecharromán, A. Esteban‐Cubillo, I. Montero, et 
al., Monodisperse and corrosion‐resistant metallic 
nanoparticles embedded into sepiolite particles for optical 
and magnetic applications. Journal of the American 
Ceramic Society, 2006, 89: 3043-3049.

[6]	 N.A. Dhas, C.P. Raj, and A. Gedanken, Synthesis, 
characterization, and properties of metallic copper 
nanoparticles. Chemistry of Materials, 1998, 10: 1446-
1452.

[7]	 G. Vitulli, M. Bernini, S. Bertozzi, et al., Nanoscale 
copper particles derived from solvated Cu atoms in the 
activation of molecular oxygen. Chemistry of Materials, 
2002, 14: 1183-1186.

[8]	 X. Cheng, X. Zhang, H. Yin, et al., Modifier effects on 
chemical reduction synthesis of nanostructured copper. 
Applied Surface Science, 2006, 253: 2727-2732.

[9]	 Z. Liu, Y. Bando, A novel method for preparing copper 
nanorods and nanowires. Advanced Materials, 2003, 15: 
303-305.

[10]	 S. Joshi, S. Patil, V. Iyer, et al., Radiation induced 
synthesis and characterization of copper nanoparticles. 
Nanostructured Materials, 1998, 10: 1135-1144.

[11]	 D.H. Chen, S.H. Wu, Synthesis of nickel nanoparticles 
in water-in-oil microemulsions. Chemistry of Materials, 
2000, 12: 1354-1360.

[12]	 B.K. Park, D. Kim, S. Jeong, et al., Direct writing of 
copper conductive patterns by ink-jet printing. Thin Solid 
Films, 2007, 515: 7706-7711.

[13]	 H.L. Aye, S. Choopun, and T. Chairuangsri, Preparation 
of nanoparticles by laser ablation on copper target in 
distilled water. Advanced Materials Research, 2010, 83-
86.

[14]	 R. Tripathi, R.K. Gupta, A. Shrivastav, et al., Trichoderma 
koningii assisted biogenic synthesis of silver nanoparticles 
and evaluation of their antibacterial activity. Advances 
in Natural Sciences: Nanoscience and Nanotechnology, 
2013, 4: 035005.

[15]	 N. Aziz, M. Faraz, R. Pandey, et al., Facile algae-
derived route to biogenic silver nanoparticles: synthesis, 
antibacterial, and photocatalytic properties. Langmuir, 
2015, 31: 11605-11612.

[16]	 A. Saxena, R. Tripathi, F. Zafar, et al., Green synthesis 
of silver nanoparticles using aqueous solution of Ficus 
benghalensis leaf extract and characterization of their 
antibacterial activity. Materials letters, 2012, 67: 91-94.

[17]	 S. Tripathi, N. Shukla, N. Rajput, et al., Fabrication of 
nano-mechanical switch using focused ion beam for 
complex nano-electronic circuits. IET Micro & Nano 
Letters, 2010, 5: 125-130.

[18]	 A.K. Chatterjee, R.K. Sarkar, A.P. Chattopadhyay, et al., 

A simple robust method for synthesis of metallic copper 
nanoparticles of high antibacterial potency against E. coli. 
Nanotechnology, 2012, 23: 085103.

[19]	 W.K. Jung, H.C. Koo, K.W. Kim et al., Antibacterial 
activity and mechanism of action of the silver ion in 
Staphylococcus aureus and Escherichia coli. Applied and 
Environmental Microbiology, 2008, 74: 2171-2178.

[20]	 K.H. Cho, J.E. Park, T. Osaka, et al., The study of 
antimicrobial activity and preservative effects of 
nanosilver ingredient. Electrochimica Acta, 2005, 51: 
956-960.

[21]	 N.  Duran,  P.D. Marcato,  G.I .  De Souza,  et  al . , 
Antibacterial effect of silver nanoparticles produced 
by fungal process on textile fabrics and their effluent 
treatment. Journal of Biomedical Nanotechnology, 2007, 
3: 203-208.

[22]	 E.  Gaggell i ,  H. Kozlowski,  D. Valensin,  et  al . , 
Copper homeostasis and neurodegenerative disorders 
(Alzheimer’s, prion, and Parkinson’s diseases and 
amyotrophic lateral sclerosis). Chemical Reviews, 2006, 
106: 1995-2044.

[23]	 S. Lutsenko, N.L. Barnes, M.Y. Bartee, et al., Function 
and regulation of human copper-transporting ATPases. 
Physiological Reviews,  2007, 87: 1011-1046.

[24]	 R.A. Soomro, S.H. Sherazi, N. Memon, et al., Synthesis 
of air stable copper nanoparticles and their use in 
catalysis. Advanced Materials Letters, 2014, 5: 191-198.

[25]	 S. Mallick, S. Sharma, M. Banerjee, et al., Iodine-
stabilized Cu nanoparticle chitosan composite for 
antibacterial applications. ACS Applied Materials & 
Interfaces, 2012, 4: 1313-1323.

[26]	 L.R. Christena, V. Mangalagowri, P. Pradheeba, et al., 
Copper nanoparticles as an efflux pump inhibitor to tackle 
drug resistant bacteria. RSC Advances, 2015, 5: 12899-
12909.

[27]	 M. Raffi, S. Mehrwan, T.M. Bhatti, et al., Investigations 
into the antibacterial behavior of copper nanoparticles 
against Escherichia coli. Annals of Microbiology, 2010, 
60: 75-80.

[28]	 J.P. Ruparelia, A.K. Chatterjee, S.P. Duttagupta, et al., 
Strain specificity in antimicrobial activity of silver and 
copper nanoparticles. Acta Biomaterialia, 2008, 4: 707-
716.

[29]	 X. Wu, L. Ye, K. Liu, W. Wang, et al., Antibacterial 
properties of mesoporous copper-doped silica xerogels. 
Biomedical Materials, 2009, 4: 045008.

[30]	 M. Agarwal, A.S. Bhadwal, N. Kumar, et al., Catalytic 
degradation of methylene blue by biosynthesised copper 
nanoflowers using F. benghalensis leaf extract. IET 
Nanobiotechnology, 2016, 10: 321-325

Copyright© 2017 Lalit Yadav, Ravi Mani Tripathi, Ram Prasad, 
Ramesh Namdeo Pudake, and Jagjiwan Mittal. This is an 
open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the 
original author and source are credited.


