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Abstract

Synthesis of tetrapodal structured cationic
cetyltrimethylammonium bromide stabilized copper
nanoparticles (CTAB-CuNPs) and spherical shaped
anionic sodium dodecyl sulphate stabilized copper
nanoparticles (SDS-CuNPs), which are stable for more
than 100 days in aqueous solutions, by chemical
reduction under sonication is reported. The differences
in their binding with DNA and the changes in the
structural morphology on a programmable way were
studied through UV-vis spectroscopic, atomic force
microscopic (AFM), scanning electron microscopic
(SEM), transmission electron microscopic (TEM),
emission and electrophoresis techniques. The circular
dichroic (CD) spectral studies reveal the significant
effect of CTAB-CuNPs in transforming B to Z
conformation in CT-DNA. At lower concentrations,
copper nanoparticles form spaghetti/ellipsoid like
structures with DNA, while at higher concentrations
cleaves the DNA and form discrete chain-like
assemblies. The emission and gel electrophoresis
studies also support these findings.

Keywords: Copper nanoparticles; nanoparticle-DNA
interaction; tetrapodal assembly; groove binding; CD
spectroscopy.

1 Introduction

Inorganic nanostructures have attracted much
attention due to recent exploitation of novel size
dependent chemical and physical properties as well as
potential applications as nano devices. A burst of research
activity is witnessed in recent years in the area of
synthesis and fabrication of metal and semiconductor
nanoparticles, having different size and shape, because of
their novel optical, catalytic, electrical and magnetic
properties and their applications in designing advanced
materials as nanoscale building blocks [1-6]. In particular,
size and shape controlled composite nanoparticles with
well-defined structures favour many applications. Now-a-
days, though many methods including ball milling [7],
pulsed electro deposition [8], reduction of metal salts [9],
reverse micelle process [10], vapor deposition [11] and
hydrothermal-reduction [12] are developed for

preparation of nano sized metal particles, chemical
reduction is the most convenient method for synthesis of
metallic nanoparticles, since it yields a large variety of
dispersions in terms of their particle size, morphology and
stability [4-6]. Copper nanoparticles (CuNPs) are prepared
mostly in aqueous solutions containing polymers or
surfactants as stabilizer, which inhibit the oxidation of Cu
atoms. Huang et al. prepared copper nanoparticles in
aqueous solutions of polyvinylpyrrolidone by chemical
reduction method [13]. Wu and Chen synthesized copper
nanoparticles with Cu concentration as high as 0.2 M using
the surfactant cetyltrimethylammonium bromide (CTAB)
as stabilizer [14]. Zhang et al. reported the preparation of
copper nanoparticles using Tweens and/or sodium
dodecyl sulfate (SDS) and showed that the particle size
was dependent on the nature of surfactant [15]. Lisiecki et
al. suggested that the SDS play an important role on the
shape and size of copper nanoparticles [16]. Khanna et al.
prepared copper nanoparticles with the use of CuCl,,
hydrazine and polyvinyl alcohol and found that addition of
carboxylic acids or their salts such as trisodium citrate and
myristic acid are more effective in inhibiting the oxidation
of Cu nanoparticles [17]. The main difficulty in the use of
copper nanoparticles in aqueous medium arises due to
their instability as they are oxidized by the dissolved air.
Therefore, it is required to develop methods to improve
the chemical stability of Cu nanoparticles in hydrophilic
medium for application oriented practical reasons.

Among the different kinds of methodologies developed
for one-dimensional organization, the linear self-assembly
of gold nanoparticles carrying polynucleotide chains [18]
and the electrostatic interaction of cation-charged
nanoparticles on the anion-charged DNA [19,20] are found
to be promising. Interestingly, the DNA directed
fabrication of metallic copper nanostructures has
remained elusive. Monson et al. reported the surface-
attached metallization of DNA with copper to create
nanowires up to 6 nm tall [21]. The delivery of a drug at
the site of action, to avoid the side effects, is a major
concern because it has to cross many barriers and
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boundaries before being delivered at the site. The fine
tuning of nanoparticles will enable them to be used as
carriers of drugs that will lead to a targeted delivery
system suitable for clinical use [22]. In our laboratory,
non-covalent DNA binding of transition metal complexes,
especially copper [23], and self-assembly of nickel
nanoparticles on DNA have been extensively studied [24].
In this paper, we report the synthesis and characterization
of highly stable colloidal CuNPs in aqueous medium and
their effect of concentration on DNA to form chain like and
ellipsoid structures which may pave way to design a
powerful drug delivery system. The interaction between
CuNPs and DNA has been investigated using host of
methods like UV-vis, emission and CD spectral studies, gel
electrophoresis and viscosity measurements. The SEM,
TEM and AFM techniques were also used to corroborate
the findings.

2 Experimental
2.1. Reagents and Materials

Copper chloride dihydrate (CuClz-2H,0; Merck) was
used as copper precursor. Cetyltrimethylammonium
bromide (CTAB; Merck), sodium dodecyl sulfate (SDS;
Merck) and citric acid monohydrate (Sigma-Aldrich) were
used as stabilizers. Hydrazine monohydrate (Merck) was
used as a reducing reagent. Tetraethylorthosilane (TEOS;
Aldrich, 97%) was used for silica-coating and ammonia
solution (Merck) was used for adjusting the pH. All
chemicals were of analytical grade and were used as
received. Herring sperm DNA (Sisco research laboratory,
India), Calf-thymus DNA (CT-DNA) and pUC18 DNA (GeNei,
India) were used for the CuNPs-DNA binding studies. Tris-
base, bromophenol blue, xylene cyanol, glycerol, acetic
acid, sodium hydroxide and ethylenediaminetetraacetic
acid (EDTA; Merck) were used for TEA buffer preparation.
Ultrapure double distilled water was used in all the
preparations and was deaerated by bubbling with N, gas
for 30 min prior to the preparation of aqueous solutions of
CuCl; and hydrazine.

2.2. Synthesis of copper nanoparticles

Colloids of copper nanoparticles in
cetyltrimethylammonium bromide (CTAB-CuNPs) and in
sodium dodecyl sulfate (SDS-CuNPs) were prepared
through a modified procedure [25]. Accordingly, 10 mL of
freshly prepared 0.2 M aqueous hydrazine solution
containing 0.005 M CTAB or SDS and 0.0005 M citric acid
was added to 10 mL of 0.002 M CuCl; aqueous solution
containing 3 mL of the 0.005 M CTAB or SDS and 5 mL of
0.001 M citric acid under sonication. Colour of the mixture
turned reddish brown gradually in 30 min duration due
the formation of copper nanoparticles and this colloidal
solution was used for further studies.

2.3. Silica-coating

The SDS-CuNPs (0.3 mL) were made up to 10 mL with
deaerated double distilled water and 1 mL of TEOS in H,0
was added drop-wise under sonication, and the sonication
was continued for about 30 min. To this, 2 mL of 25%

liquid NH3z was added drop-wise under sonication and the
sonication was continued for 1 h. During this period, the
brown-red colloidal solution changed to bluish white. This
colloidal solution was filtered through Whatmann No 1
filter paper and the filtrate was used for further
characterization.

2.4. Characterization

The CTAB-CuNPs, SDS-CuNPs and silica-coated SDS-
CuNPs were characterized by UV-vis spectroscopy,
scanning electron microscopy (SEM), transmission
electron microscopy (TEM) and atomic force microscopy
(AFM). UV-vis extinction spectra were measured with a
Jasco ]-550 spectrophotometer. SEM images were
recorded using a Hitachi S-3400 scanning electron
microscope operating at 20 kV. TEM images were
performed with a JEOL 3011 transmission electron
microscope operating at 200 kV. Samples for TEM were
prepared by dropping and evaporating the nanoparticle
suspensions on a copper grid under nitrogen atmosphere.
Samples for SEM and AFM were prepared by dropping and
evaporating the nanoparticle colloids on a glass plate. AFM
analysis was performed using AFM A100 SGS scanning
probe microscope. The interactions of these nanoparticles
with Calf-Thymus DNA were studied through circular
dichroism (CD) spectra using a Jasco ]-810
spectropolarimeter. The emission spectral studies were
made using a Jasco FP-6300 spectrophotometer. To
explore the binding further, viscosity measurements were
performed at 27 °C with a BROOKFIELD, DV-II+ Pro
viscometer.

2.5.pUC18 DNA Cleavage

pUC18 DNA (8 pL, 150 pg) were placed in 0.5 mL
polymerized chain reaction (PCR) tube and 5 to 20 pL of
colloidal CuNPs (20-160 pM range) were added and the
mixtures were allowed to stand at 37 2C for 90 min, after
which 5 pL of a loading buffer solution (0.25%
Bromophenol blue, 0.25% Xylene cyanole, and 30%
glycerol) was added. The solution underwent
electrophoresis on a 0.8% agrose gel in 0.5X TAE buffer
[10 mL of 0.5 M EDTA (18.63 g EDTA dissolved in 80 mL of
distilled water and the pH was adjusted to 8.0 using 1N
NaOH and the final volume was made up to 100 mL), and
2.42 g Tris base in 50 mL of distilled water were added
with 5.71 mL of glacial acetic acid mixed well and made up
to 100 mL with distilled water] containing 15 pL/100 mL
of EB solution at 60 mV applied voltage for about 90 min.
Electrophoresis experiments were carried out using a
LARK- DYY-6C power supply unit with GeNei UV-
illuminator. The gel was photographed using a BIORAD
system.

3 Results and Discussion
3.1. UV-visible spectroscopy

The absorption spectra of cationic, CTAB-CuNPs and
anionic, SDS-CuNPs colloids exhibit (Figure 1) surface
plasmon resonance (SPR) peaks at 589 and 594 nm
respectively, attributable to the presence of copper
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nanoparticles [16-17]. The difference in the surface
plasmon resonance peaks indicates that the SDS-CuNPs
clusters are slightly bigger in size than those of CTAB-
CuNPs clusters. The intensity of SPR peak for CTAB-CuNPs
clusters was not affected even after 100 days and then
slowly decreases with broadening. Interestingly, for the
SDS-CuNPs clusters, the SPR peak intensity is found to be
not affected even after 20 weeks. These results indicate
that the CuNPs were chemically stable in aqueous solution
at least for 100 days and the extra stability acquired by the
CuNPs prepared in SDS may be due to the presence of
negative dipole in the SDS, which is expected to repel and
inhibit the entry of negative dipole oxygen atoms into the

clusters.
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Figure 1. Electronic spectra of CuNPs in (a) citric acid with
CTAB and (b) citric acid with SDS

3.2.SEM, TEM and AFM studies

1um

Figure 2. SEM images of CuNPs in CTAB (a & b) and in SDS
(c&d)
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SEM images of the CTAB-CuNPs and SDS-CulNPs in
aqueous dispersion are given in figure 2. CTAB-CuNPs
exhibit neatly assembled dendrimers with tetrapodal
structures. The magnified image of tetrapodal
arrangement (Figure 2b) reveals that they contain copper
nanoparticle agglomerates of 60-70 nm size. Whereas,
SDS-CuNPs do not form dendrimers and the size of the
spherical agglomerates is about 100 nm in size (figure 2c
and 2d). Due to the extra stability of SDS-CuNPs, which is
present in the SO4 ion in the shell. we decided to extend

our interest in them and functionalize these CuNPs using
TEOS. The SEM image (figure 3) of TEOS functionalized
SDS-CuNPs shows that the morphology of the CuNPs were
not changed during functionalization but the size of the
grains increased due to coverage of the nanoparticle
surface by silicate network.

53400 20.0kV 9.7mm x40.0k SE

Figure 3. SEM image of SDS capped CuNPs functionalized
with TEOS

The TEM image of CTAB-CuNPs (Figure 4) shows that
the clusters observed in SEM are composed of copper nano
particles of about 10 nm in size, while SDS-CuNPs are little
bit bigger and are about 15 * 2 nm in size. The morphology
of CuNPs in TEM images is in agreement with the SEM
results and the SDS-CuNPs functionalized with TEOS have
particles of 20-30 nm in size (Figure 5). The long stable Cu
colloidal solutions when exposed to atmospheric air, the
SDS-CuNPs colloid loses its colour slowly in 15 days,
where as CTAB-CuNPs colloids in 4 days and the
dendrimer structure was found to be disturbed (Figure 6).
This suggests that the CuNPs leached out of capping agents
and get oxidized. The AFM results also confirm the above
findings and are given in supporting information (Figure
S1 in the supporting information).

Figure 4. TEM image of CTAB stabilized CuNPs
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Figure 6. TEM image of CuNPs, after 7 days keep in
atmospheric air. (Insert: its HRTEM image)

3.3. DNA binding study
3.3. 1. UV-vis absorption spectra

In order to investigate the interaction of DNA with the
synthesized copper nanoparticles, the CTAB-CuNPs and
SDS-CuNPs colloids were diluted with deaerated water
and the corresponding SPR peaks were found to be shifted
to 592 nm from 589 nm and to 589 nm from 594 nm
respectively. This shift may be attributed to the
redistribution of colloids with uniform size due to the
surface interaction of the surrounding medium. When the
CTAB-CuNPs were titrated with herring sperm DNA ((Amax
= 260 nm, ¢ = 6600 mol-*dm3cm-1; 100 uM solution) the
peak at 591 nm undergo 23.96% hypochromism along
with 5 nm red shift, while for the SDS-CuNPs 9.88%
hypochromism and 3 nm red shift were observed at 589
nm. The percentage of hypochromism observed in the
visible region for the cationic CTAB capped CuNPs is much
higher than for the anionic SDS capped CuNPs and the
observed hypochromism for the initial addition of DNA is
higher than those of subsequent additions and attains
saturation at higher concentrations of DNA (3.02 uM) and
are given in Table 1.

To evaluate the differences in the hypochromism and in
the red shift, the binding strengths of CTAB-CuNPs and
SDS-CuNPs quantitatively with herring sperm DNA, their
intrinsic binding constants were obtained by monitoring
the changes in the absorbance at 591 and 589 nm (Figure
7), respectively, during the addition of increasing

concentrations of DNA using the following equation
[23,26].

[DNA]/ (ea - &) = [DNA]/ (&b - &) + 1/[Kv(eb - &1)]
........... ()]
where €, & and &, respectively correspond to the
observed extinction coefficient for each addition of DNA to
CuNPs, the extinction coefficient for the free CuNPs and
the extinction coefficient for the CuNPs in the fully bound
form. Plot of [DNA]/ (€a - €f) versus [DNA] gave a slope of
1/(eb - &) and the intercept equal to 1/[K (&b - &7)]; Kb was
obtained from the ratio of the slope to the intercept. The
evaluated intrinsic binding constants (Ky) respectively for
CTAB-CuNPs and SDS-CuNPs were found to be 1.089 x 10>
M-1 and 9.8 x 10¢*M-1. We expected a vast difference in
their binding constants as the cationic CuNPs may easily
be attracted by the negatively charged DNA when
compared to anionic CuNPs, where repulsion is expected.
The small difference in their binding constants may be
ascribed to the time delay in masking the free discrete
CuNP clusters by the more and more DNA polymeric units,
while they are released from the capping agents through
the rupture by the molecules in the surrounding medium.
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Figure 7. Electronic spectra of CuNPs capped with (i)
CTAB and (ii) SDS in 50 mM Tris-HCl and 50 mM NacCl
buffer, pH 7.13, in the presence of increasing amounts of
DNA (a-f corresponds to 0-5.2 uM)

550 600 650 700
Wavelength [nm]

However, when increasing amounts of CTAB-CuNPs are
titrated with a fixed concentration of DNA, hyperchromism
occurs up to a particular concentration and then it
becomes hypochromic (Figure S2a in the supporting
information). The hyperchromism at low concentration of
CuNPs may be due to their binding in the minor grooves of
the DNA [27], and at higher concentrations of CuNPs the
excess Cu nanoparticles bind in the major grooves and
hence it becomes hypochromic [28], that is expected to
invert the B conformation in to the Z conformation (vide
infra CD spectra). While for SDS-CuNPs, with increasing
amounts of CuNPs only hyperchromism (Figure S2b in the
supporting information) is observed due to the repulsive
interaction of anionic SDS and anionic DNA polymers. The
delay in the interaction may be due to the need for the
interposition of water molecules in between the repulsive
DNA and SDS molecules that would make H-bond and
cleave the SDS to release the CuNPs.

Table 1. Electronic spectral data of CuNPs on titration
with DNA and vice-versa
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Colloidal Amax NIM Binding
solution Free Bound Alm.x %Ha constant
nm (Kv)
CTAB- 591 596 5 2396 1.09x
CuNPs 105 M1
vs. DNA
SDS- 589 592 3 9.88 9.81x
CuNPs 104 M1
vs. DNA
DNA vs. 260 262 2 7 1.13x
CTAB- 105 M1
CuNPs
DNA vs. 260 262 2 5 4.21x
SDS- 103 M!
CulNPs

a%H = 100(Afree - Abound)/Afree

The above results reveal that the cationic CTAB-CuNPs
bind with DNA in a better way than the anionic SDS-CuNPs
and invert B to Z conformation. The binding constant of
the anionic SDS-CuNPs with DNA seems to be dependent
on the slowly released CuNPs from the negatively charged
capping agent, SDS.

3.3. 2. Competitive binding

As the CuNPs are non-emissive, competitive binding
studies with ethidium bromide (EB) were carried out to
gain support for the mode of binding of the CuNPs with
DNA. EB does not show any emission in Tris-HCIl buffer
due to fluorescence quenching of the free EB by the
solvent molecules [29]. The study involves the
measurement of emission intensity for each addition of
CulNPs to herring sperm DNA, pretreated with EB. A fixed
concentration of 50 uM EB solution and 42 pM of herring
sperm DNA were placed in a 5 mL test tube. The mixture of
DNA-EB was titrated with increasing amounts of CuNPs,
where a considerable drop in the emission intensity
(Figure S3 in the supporting information) was observed.
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Figure 8. Emission spectra of (a) EB, (b) EB+DNA, (c)
b+23 uM CTAB-CuNPs, (d) b+23 uM SDS-CuNPs and (e)
b+23 uM TEOS-CuNPs

The quenching of EB-DNA followed the Stern-Volmer
relationship of the form:
Fo/F=1+Ko[Q] e (2)

Where, F, and F are the fluorescence intensities of the
excited EB-DNA respectively in the absence and presence
of CulNPs, the quencher concentration [Q] and K, the
Stern-Volmer constant. The plots of F,/F vs CulNPs
concentration [Q] evolved quadratically and are found to
be affected by [Q]. The binding constant values (Ks)
calculated from the above equations are 3.71 x 104M-! for
CTAB-CuNPs, 1.71x 10*M-1 for SDS-CuNPs and 2.41x 104
M-1 for TEOS-CuNPs. Figure 8 shows that the colloidal
CulNPs encapsulated in CTAB binds much better than the
TEOS and SDS stabilized CuNPs. Also the fluorescence
quenching observed while CTAB-CuNPs was added is
much higher than the others. The extraordinary behavior
of CTAB-CuNPs in fluorescence quenching may be due to
the conformational changes in the DNA structure (vide
infra CD spectra).

3.3. 3. Viscosity measurement

To further clarify the nature of the interaction between
the CuNPs and herring sperm DNA, viscosity
measurements were carried out and the results are
presented in Figure S4 in the supporting information.
Intercalation is expected to lengthen the DNA helix as the
base pairs are pushed apart to accommodate the bound
molecule, leading to increase in the DNA viscosity. A
classical intercalator such as ethidium bromide (EB) could
cause a significant increase in viscosity of DNA solution. In
contrast, partial non-classical intercalators, binding
through the grooves, could bend (or kink) the DNA helix,
reduce its effective length and concomitantly its viscosity
[30,31]. Increasing concentration of CuNPs initially
increases the viscosity for one or two additions and for
subsequent additions the viscosity gradually decreases
and reaches saturation (Figure S4 in the supporting
information). This behaviour could be explained on the
basis of slow incorporation of CuNPs in the DNA grooves
which could kink the DNA helix.

3.3. 4. Circular dichroism spectra

CD spectroscopic technique is useful in monitoring the
conformational variation of DNA in solution, as the band
due to base stacking (278 nm) and that due to right
handed helicity (244 nm) are quite sensitive to the mode
of DNA interactions with small molecules [32]. The CD
spectra of the DNA with increasing concentrations of
CTAB-CuNPs in the 9.3 pM to 70 uM (Figure 9) show that
with 9 pM of CTAB-CuNPs the DNA undergoes chiral
inversion of the spectra, which on increasing the
concentration both positive and negative bands are blue
shifted. This reveals that the presence of highly charged
cationic CTAB-CuNPs in the minor and major grooves
facilitates the transformation of the DNA from B to Z
conformation [33-35], and at still higher concentrations,
they kink and cleave the DNA completely in to the
constituent nucleotides. On the other hand, during the
addition of increasing concentrations of SDS stabilized
CuNPs (Figure S5i. in the supporting information), the
positive band intensity increases with a slight red shift,
while the negative band intensity increases a little bit
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without any remarkable red shift. For the TEOS topped
SDS-CuNPs the increasing amounts of CuNPs (Figure S5ii.
in the supporting information) also increase the intensity
of both positive and negative bands without any shift in
their position. These results show that there is no
conformational change in base stacking but only the
helicity is affected due to the incorporation of
nanoparticles in the grooves.
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Figure 9. CD spectra of CT-DNA in the presence of
increasing amounts of CTAB capped CuNPs in 50 mM Tris-
HCI and 50 mM NaCl buffer, pH 7.13; [a=9.3uM, b = 23 uM
and ¢ = 70 puM CuNPs]

3.3. 5. pUC18 DNA cleavage

In order to identify whether cleavage occurs or not, gel
electrophoresis experiments were carried out at pH 8.1
using TEA buffer with varying concentration CulNPs
stabilized in CTAB, SDS and TEOS on pUC18 DNA (Figure
10). Lane C represents pUC18 DNA control. Lane 1-5
represents the effect of CTAB-CuNPs with increasing
concentration of CuNPs (5, 7, 10, 12.5, and 16.5 pM),
where the DNA band disappears or otherwise cleaves the
DNA in to its constituents. Lane 6-10 represents SDS-
CuNPs treated DNA with same increased concentrations as
in CTAB-CuNPs. In lane 6 and 7 nicking of the DNA to form
open circular (form II) and in the lane 8-10 a little bit
formation of linear DNA (form III) were observed. For the
same concentration the TEOS-CuNPs, lane 11-14, indicates
that it strongly binds with the DNA and the open circular
(form II) appears near the well and the mobility is found to
be much slowed down. Lane 15-17 respectively
represents the effect of SDS, TEOS and CTAB stabilized
CuNPs at 20 uM with pUC18 DNA. It shows that at higher
concentrations the anionic as well as the cationic CuNPs
cleaves the DNA structure entirely, whereas the TEOS-
CulNPs nick the DNA in to the open circular form (Form II)
only.

dEN16:15.14.1312 11 10 9 8 7 6 5 4.3 2.48C

Form Il

Form |

Figure 10. Agarose gel electrophoresis of pUC18 plasmid
DNA with increasing concentrations of CuNPs. Incubation
time 90 min at 37 2C. lane C, supercoiled DNA pUC18; lane
1, DNA+5 pM CTAB-CuNPs; lane 2, DNA+7 uM CTAB-
CulNPs; lane 3, DNA+10 uM CTAB-CuNPs; lane 4, DNA+12.5
puM CTAB-CuNPs; lane 5, DNA+16.5 uM CTAB-CuNPs; lane
6, DNA+5 uM SDS-CuNPs; lane 7, DNA+7 uM SDS-CuNPs;
lane 8, DNA+10 uM SDS-CuNPs; lane 9, DNA+12.5 uM SDS-
CulNPs; lane 10, DNA+16.5 uM SDS-CuNPs; lane 11, DNA+8
pM TEOS-CuNPs; lane 12, DNA+11 uM TEOS-CuNPs; lane
13, DNA+13 pM TEOS-CuNPs; lane 14, DNA+17 uM TEOS-
CulNPs; lane 15, DNA+20 puM SDS-CuNPs; lane 16, DNA+20
pM TEOS-CuNPs and lane 17, DNA+20 uM CTAB-CuNPs.

3.3. 6. Structural morphology studies

In order to determine the morphology of the DNA in
presence of cationic as well as anionic CuNPs, atomic force
microscope was used with non-contact mode in solution.
Figure 11a shows the image of pUC18 DNA with 1.3 uM
cationic CuNPs. It reveals that in presence of cationic
CuNPs the DNA forms spaghetti like (fishing net) and
ellipsoidal frame work. The 2D and 3D images (Figure
11a) highlights the presence of brighter images of
spherical CuNPs complexed with the circular DNA having
reduced electrostatic repulsion to form different sizes of
ellipsoids. The morphology of super coiled DNA with ~21
UM cationic CuNPs shows (Figure 12) the presence of
linear and discrete chains with 2-4 pm in length, while the
2D and 3D images depicts that the CuNPs were attached to
the base pairs to form a linear duplex structure and on
increasing the CuNPs it reduce the electrostatic repulsion
through complexation in the grooves [36]. It is evident that
in the presence of cationic NPs the adjacent H-bonds in the
DNA base are ruptured and hence the super coiled
structure changes to linear one during the complexation.
On the other hand the anionic NPs with super coiled DNA
form spaghetti like (Figure 13a) embedded structure at
lower concentrations and at higher concentrations it forms
torroids like (Figure 13b) a ball on the palm structure. It
shows that the thermodynamic constraints on such
complexed DNA would favour mild distortion in the
stiffness of polymeric units and the kinetic limits lead to
the above structures (Figure 11, 12 and 13). The torsional
strain induced by colloidal CuNPs at higher concentrations
on the super coiled DNA gets readily relieved as the free
ends twist to conformational changes along the entire
length of DNA molecule. Then the DNA strands gets
cleaved and complex with colloidal CuNPs and form
microscopic images of ellipsoidal, torroidal and linear
structures. This model is consistent with cooperative
mechanisms of complexation/condensation in which the
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super coiled DNA binds with charged colloidal CuNPs,
reduce the folding strain at lower concentration to form a
spaghetti/ellipsoidal like
more

structures
relaxed

and at higher
concentrations linear and torroidal

structures.

b

Figure 11. (a) 2D image of ellipsoidal structure of pUC18
with 1.3 uM CTAB-CulNPs and (b) its 3D image

y: 10.0 pm

x: 10.0 pm

42 nm

d

Figure 12. (a) AFM image of (2D) linear structure of
pUC18 with 21 uM CTAB-CuNPs (b) its 3D image, (c) and
(d) are fragmented linear structures of 2D and 3D images.

(T 19.10m T 1900m
00nm 00nm

Figure 13. AFM image of (2D) linear structure of pUC18
with 21 uM cationically CuNPs (a) and (b),(c)3D image of b

The SEM and TEM images of CTAB capped CuNPs
incubated with herring sperm DNA are given in figure 14.
Interestingly, the dendrimer like clusters observed in the
CTAB capped CuNPs is not observed after incubation with
DNA, instead a chain like assembly is found with CuNPs
imbedded on the major and minor grooves of the DNA
through dipole-dipole interaction between the negatively

charged phosphate backbone of the DNA and the positive
dipole of the CuNPs.

Figure 14. (a) SEM and (b) TEM images of CuNPs
incubated with DNA

4 Conclusions

We have successfully synthesized long life copper
nanoparticles, capped with anionic and cationic stabilizers,
in aqueous solutions through reduction of cupric chloride
by hydrazine hydrate under sonication. We believe that,
the simultaneous use of citric acid and CTAB or SDS
together with excess hydrazine is responsible for the
observed higher stability (stable for more than 100 days).
The differences in the binding of tetrapodal structured
cationic cetyltrimethylammonium bromide stabilized
copper nanoparticles and spherical shaped anionic sodium
dodecyl sulphate stabilized copper nanoparticles with
DNA is studied systematically and found that at lower
concentrations form spaghetti/ellipsoid like structures
with DNA, while at higher concentrations cleaves the DNA
and form discrete chain-like assemblies. This may throw
more light on the possibility of using CuNPs as drug
carriers and in the development of nano-drug delivery
systems, which are the subject matter of many scientists.
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