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Abstract
Gold nanoparticles (AuNPs) are well-known biomedical and biotechnological applications because of their interesting 
properties. They easily cross the cell membranes and interact with intracellular materials. This study was designed to inves-
tigate the interaction of calf spleen DNA with AuNPs at a molar ratio of 2:1 in an aqueous solution with different ionic 
strengths (10, 50, and 100%). AuNPs and AuNPs/DNA complex were characterized by different techniques such as UV/Vis 
spectrophotometry, transmission electron microscopy (TEM), dynamic light scattering (DLS), and Fourier transform IR 
spectrophotometry. The results revealed that the maximum absorption (λmax) of AuNPs synthesis was observed at 520 nm, 
and the average particle size was about 13 nm. In addition to a negative zeta potential (− 37 mV), the interaction of AuNPs 
with DNA was confirmed by melting point and TEM. The melting point that reflects the DNA became unstable in the pres-
ence of AuNPs, and the melting temperature decreased by about 3–5 °C with different ionic strength. Additionally, the TEM 
image of AuNPs/DNA complex obviously illustrated the location of AuNPs on the DNA groove. Finally, these results clearly 
indicate the attachment of AuNPs with DNA.
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Introduction

Nanotechnology is the design, production, and application of 
materials at atomic, molecular, and macromolecular levels to 
produce a new type of material at controllable size (less than 
100 nm in diameter) and different shapes called nanoparti-
cles. Nanoparticles have a unique physico-chemical property 
such as large surface area to volume ratio, pore structure, 
stability, surface plasmon resonance, and embedded effect. 
Consequently, in the last years nanotechnology is rapidly 
evolving in many research fields to discover new materials 
with extraordinary properties and wonderful uses [1–4].

In recent decades, gold nanoparticles (AuNPs) have 
received considerable attention of the researchers, when con-
fined at the nanoscale/atomic level because they are very sta-
ble chemically, bioinert, non-toxic, and readily synthesized 
[5]. Moreover, their small size allows them to penetrate cells 
and tissues via an excellent compatibility with biomolecules; 

therefore, they are less likely to lead to side effects in the 
body. These interesting properties are having a significant 
impact on many scientific fields, such as chemistry, physics, 
biology, biomaterial sciences, and molecular biotechnology. 
But, particularly, medicine has some important applications 
that are related to diagnostic and therapeutic treatment of 
diseases, recognition of pathogenic agents, and drug deliv-
ery [6–9].

The science of DNA has been the center of biological sci-
ence and biotechnology research since the discovery of dou-
ble helical structures. Deoxyribonucleic acid (DNA) bears 
the hereditary information that is passed on from parents to 
children in organisms. DNA involves vital processes, such 
as gene expression, gene transcription, mutagenesis, and 
carcinogenesis [10, 11].

During the last decades, the interaction of DNA with 
AuNPs is receiving considerable interest due to their use 
in many important applications, such as electronics, bio-
sensor, and catalysis, but mainly in biomedical applications 
like radiotherapy, drug delivery systems, and cancer treat-
ment [12–15]. Moreover, another studies [16, 17] reported 
that the exploitation of biological reactivity employed in 
biosensor creation, nanoparticle-assisted cancer treatment, 
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and DNA microarray optimization depends on the interac-
tions between DNA nucleobases and noble metallic surfaces. 
Therefore, thermodynamic and kinetic studies of the interac-
tions of DNA with nanoparticles acting as small ligands are 
key to a better understanding of those interactions to allow 
for their control and modulation and for the opening of new 
venues of research in the nanomedicine, analytic, and bio-
logic fields. In this study, gold nanoparticles (AuNPs) were 
prepared, their chemical and physical characteristics were 
determined, and their interaction with DNA (calf spleen 
DNA is used in this study due to its ease of preparation and 
high purity and quantity) was investigated in buffer with 
different ionic strengths.

Materials and methods

Materials

Gold (III) chloride trihydrate (MW 393.83 g/mol), triso-
dium citrate (sodium citrate tribasic dehydrate MW 294.10), 
sodium chloride, isoamyl alcohol, chloroform, sodium dode-
cyl sulfate, and ethanol were purchased from the Sigma-
Aldrich (Germany).

Preparation of gold nanoparticles (AuNPs)

Gold nanoparticles (AuNPs) were prepared by chemical 
reduction method. Briefly, 20 ml of 1 mM  HAuCl4 solution 
was stirred on a hot plate magnetic stirrer (MS 300 HS Mis-
chung Scientific Co., Ltd.) just to boil. Two milliliters of 1% 
trisodium citrate was added drop by drop into the solution 
for reducing gold ions; the color gradually deepened [18].

Isolation of DNA and incubation with AuNPs

Calf spleen DNA was extracted accordingly to the method 
described in Walker and Rapley [19]. Stock solution of 
2 mM DNA was prepared by dissolving the DNA in SSC 
buffer (0.015 sodium chloride and 0.015 M trisodium cit-
rate) with different ionic strengths (100%, 50%, 10%) at 5 °C 
for 24 h to ensure the formation of a homogeneous solution.
Then, equal volumes from AuNPs (1 mM) and DNA (2 mM) 
in different ionic strength were mixed and incubated at room 
temperature for 10 min. The pH of aqueous solutions was 
adjusted by 1 M HCl or 1 M NaOH.

Characterization of AuNPs and AuNPs/DNA complex

The absorption spectra of AuNPs, DNA, and AuNPs/DNA 
complex solutions were measured by Jenway, 6405 UV/VIS 
Spectrophotometer, Barloworld Scientific, Essex, UK, in the 
wavelength range of 200–700 nm.

The size and morphology of AuNPs were studied by 
transmission electron microscope (HR-TEM, Tecnai G20, 
FEI, Netherland). DNA/AuNPs complex was also studied 
by transmission electron microscope (JEOL JEM 1400) after 
stained with a negative stain. All the samples were diluted, 
and then a few drops of the sample were dried on a micro-
scope slide for examination.

The size distribution and zeta potential for AuNPs were 
measured by the dynamic light scattering apparatus (Zeta-
sizer Nano ZS Malvern Instruments Ltd., UK) at 25 °C dis-
persed in deionized water.

The structural characteristics of AuNPs, DNA, and 
AuNPs/DNA complex were determined by Fourier trans-
form IR spectrophotometer (Basic Vector, 22FT-IR, Ger-
many). Dried homogeneous samples and KBr were mixed 
and then pressed into pellets for transforming IR spectral 
measurement in the frequency range of 400–4,000  cm−1.

The thermal denaturation of DNA and AuNPs/DNA 
complex were measured by a spectrophotometer (Jenway 
model 6405 (Barloworld Scientific, Essex, UK)) with a jack-
eted cuvette. The cuvette temperature was monitored by a 
copper constant thermocouple with 0.1 °C resolution. The 
thermocouple was inserted into the cuvette through the tight-
fitting Teflon stopper. The cuvette temperature was raised at 
a rate of 1 °C/3 min from 25 to 87 °C by circulating water 
as a thermo controller (Thermomix R, B. Braun Biotech 
International, Germany). Optical densities were recorded at 
wavelength 260 nm. Since examined profiles were almost 
linear in the melting region, melting temperature (Tm) was 
determined as the average of starting and final temperatures 
of the melting process.

Results and discussion

Gold nanoparticles (AuNPs) are considered the most suc-
cessfully developed and examined metallic nanoparticles, 
which became the foundation for the modern nanotechnol-
ogy due to their extraordinary properties. Recently, these 
properties expanded the applications of gold nanoparticles 
into various biotechnology and biomedical fields [20–23].

In the current study, AuNPs were prepared according 
to the method of Merza et al. [18] and were characterized 
using several techniques. AuNPs morphology and size were 
observed by TEM (Fig. 1). TEM image shows well-detached 
and not aggregated round-shaped nanoparticles that have a 
diameter between 12.4 and 16.4 nm. Dynamic light scatter-
ing (DLS) measurement confirmed this result as presented 
in Fig. 2. The figure represents a typical size distribution 
graph for AuNPs. As shown in the figure, the size of AuNPs 
is centered on 12.99 nm with relatively fine distribution. 
Also, DLS was used to determine the electro-kinetic surface 
potential for AuNPs (Fig. 3). The shape of the curve reveals 
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a narrow dispersion of the value of zeta potential which is 
centered on − 37 mV. This value demonstrated that the cap-
ping and reducing molecules (trisodium citrate) present on 
the surface of AuNPs are negatively charged groups and 
achieve high stability and prevent the aggregation of the 
dispersed particles [24].

UV/Vis spectroscopy is one of the most obvious method 
for characterizing the optical properties and electronic struc-
ture of nanoparticles, biological molecules, and their inter-
actions. Figure 4 shows the absorption spectrum of DNA 
solution, where DNA reveal a maximum absorption band 

centered around 260 nm [25]. Figure 5 shows the absorption 
spectra of gold nanoparticles (AuNPs) in the absence and 
presence of DNA at different ionic strength, where AuNPs 
exhibit a broad band at peak 520 nm with absorbance tail in 
the longer wavelength; this SPR (surface plasmon resonance) 
was attributed due to the dipole plasmon oscillation of the 
gold colloids induced by the external electric field [26, 27]. 
In the presence of DNA, the absorbance of AuNPs decreases 
markedly with the increase of ionic strength, without any 
change in the location of the peak (520 nm). This shows that 
while adding AuNPs nanoparticles to the solution of DNA, 

Fig. 1  Transmission electron 
microscopy (TEM images of 
gold nanoparticles (AuNPs) 
with different magnification



26 Gold Bulletin (2023) 56:23–30

1 3

the AuNPs gets adsorbed on the surface of the DNA and is 
involved in the formation of a ground state complex of the 

type of DNA/AuNPs complex. The formed complex also has 
an absorption at 520 nm. These results indicate that there is 

Fig. 2  Size distribution of gold 
nanoparticles (AuNPs) meas-
ured by dynamic light scattering

Fig. 3  Zeta potential of gold 
nanoparticles (AuNPs) meas-
ured by dynamic light scattering

Fig. 4  UV spectrum of calf 
spleen DNA
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an interaction between AuNPs nanoparticles and DNA in the 
ground state via complex formation which is electrostatic in 
nature. Furthermore, these results were in coincidence with 
another study [28] that reported that AuNPs colloid is stable, 
in the condition of low ionic strength due to the negative 
electrostatic repulsion. Increasing the ionic strength of the 
solution, the AuNPs colloid becomes unstable to aggregate, 
and the SPR decreases. But the interactions between DNA 
bases and AuNPs will enhance AuNPs’ stability against the 
salt-induced aggregation.

DNA melting is one of the most essential processes in 
biology and biotechnology. Figure 6 shows that the DNA 
melting profiles in different ionic strengths 10, 50, and 
100% have a melting temperature (Tm) at 61, 69, and 82 °C, 
respectively. These results reveal that the effect of ionic 
strength on DNA melting temperature has been one of the 
major activities of polyelectrolyte theory, where the ionic 
strength contributes to the stability of the DNA and acts as 
shielding agents for the negatively charged strands of DNA 
[29–31]. Figure 7 shows the melting profiles for AuNPs/

DNA complex in different ionic strength (10, 50, and 100%). 
It is obvious from the figure; DNA became unstable in the 
presence of AuNPs, and the melting temperature decreased 
by about 3–5 °C with different ionic strength. These results 
are in accordance with a further study [32] that reported that 
the decrease in Tm is due to the high affinity of mononucleo-
tides and polynucleotides for small nanoparticles of gold 
and which bind externally with DNA groove. Additionally, 
these data were supported by the by TEM image in Fig. 8, 
where AuNPs with spherical shapes are obviously located 
on the DNA groove.

FT-IR measurements were performed in the absence and 
presence of AuNPs with DNA (shown only in the region of 
500–4000  cm−1 (Fig. 9)), to verify the type of interaction. 
For only the DNA sample, two low intensities but prominent 
peaks appear at a wavenumber of 620 and 854  cm−1, which is 
due to the presence of a deoxyribose sugar unit on the DNA 
structure. There are two other peaks at 1046 and 1155  cm−1 
which are due to the stretching vibration of C–O–C and C–C 
bonds. There is another peak at 1278  cm−1 which is due to the 

Fig. 5  (a) Visible spectrum of 
gold nanoparticles (AuNPs). 
Visible spectra of AuNPs/
DNA complex at different ionic 
strengths (b) 10%, (c) 50%, and 
(d) 100%
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Fig. 6  The melting curves of 
calf spleen DNA, at different 
ionic strength (a) 10%, (b) 50%, 
and (c) 100%

0.5

0.7

0.9

1.1

1.3

1.5

1.7

1.9

2.1

20 30 40 50 60 70 80 90

lo
g 

I/I
°

Temperature (°c)

(B)

(A)

(C)



28 Gold Bulletin (2023) 56:23–30

1 3

asymmetric stretching vibration of the  PO2
− group. Addition-

ally, two other peaks appearing at 1428 and 1591  cm−1 are due 
to the bending of the C–H bond in the  CH2 group. The broad 
peak appearing at 3451  cm−1 for only DNA is due to –N–H 
and –O–H stretching [33, 34]. The FT-IR analysis of AuNPs 
shows a broader peak observed at 3424  cm−1 which is attrib-
uted to the O–H. Smaller peaks observed at 1062, 1395, and 

1590  cm−1 confirmed the existence of aromatic C-O bonds, 
N–H bonds, and C-H stretching as shown in Fig. 9 [35, 36]. 
The FT-IR analysis of DNA/AuNPs complex represented 
in Fig. 9 has a shape identical to that of pure DNA without 
any loss of or addition of peaks but a decrease in the absorb-
ance. These results have proven that the mode of interaction 
between DNA and AuNPs is electrostatic in nature.

Fig. 7  The melting curves of 
calf spleen DNA at different 
ionic strength (a)10%, (b) 50%, 
and (c) 100% in the presence of 
gold nanoparticles (AuNPs)
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Fig. 8  Transmission electron 
microscopy (TEM) image of 
DNA/AuNPs complex
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Conclusions

From the present work, it can be concluded that there is 
a primary interaction/attachment of DNA, with spherical 
AuNPs at different ionic strength. However, further studies 
are still needed to confirm these interactions.
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