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Graphical abstract. Representation of DNA's influence on the assembly of Potassium iron (l11) oxalate
complex.

ABSTRACT

The present work deals with an assembly of the Potassium iron (111) oxalate complex by calf thymus DNA
and the influence of temperature on the DNA-assisted assembly of the metal complex. DNA-assisted
assembly of the Potassium iron (111) oxalate complex is studied for its morphological changes at two
different temperatures by scanning electron and atomic force microscopy. Calf thymus DNA leads to a 500
nm range cube-shaped Potassium iron (I11) oxalate complex at room temperature (25 £ 0.5 °C). On
average, 10 um rectangular prism-shaped nanorods with a diameter of 400 nm complex are observed at
higher temperatures (70 + 0.5°C). The topology of Potassium iron (I11) oxalate-calf thymus DNA crystals
shows increased surface roughness due to the melting behaviour of ctDNA at the higher temperature. The
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templating effect of the DNA on the Potassium iron (111) oxalate complex and its crystallite size is studied
by X-ray diffraction analysis. The average crystallite size of calf thymus DNA-assisted Potassium iron
(111) oxalate complex at room and high temperatures are 41 and 29 nm respectively. The DNA-assisted
assembly can form along array of Potassium iron (Ill) oxalate crystals at high temperatures. The
morphological behaviour of the complexes with DNA at high temperatures can aid in developing metal
complexes with unique therapeutic choices and opportunities.
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1. Introduction

DNA is awell-known candidate for molecular and nanomechanical device formulation due to its
characteristic molecular recognition, and mechanical properties [1]. In the past decades, the progress of
DNA-bound complexes with enhanced functionalities has been reported [2-3]. Although the chemical and
photochemical properties of DNA-bound complexes have been extensively studied, inadequate reports to
understand the dimensions of the complexes are observed. There is a requirement to find a simple and
innovative approach that influences complexes and their dimensions during their DNA binding. This opens
new avenues for synthesizing novel complexes with specific sizes and shapes that insight into the
fundamental interactions of DNA with the targets. The DNA-bound complexes are interesting substances
with potential uses in technology as building blocks for DNA-based novel materials [4]. In this regard, the
binding of organic complexes with diverse forms of DNA for their potential medical applications is reported
[5]. However, the characteristic chemical, electrochemical, and stereochemical properties of metal
complexes and their distinctive responses toward DNA have made them alternative therapeutics to organic
molecules in recent years [6, 7]. It is stated that DNA's melting behaviour and denaturation property at high
temperatures assist their pairs to open up to assemble fractal metal-based structures. The double strands of
DNA get separated into single strands during heating, and endures morphological changes from one form
to another form. The work on understanding linear and nonlinear multibranched morphological changes of
metal complexes, triggered by DNA denaturation at high temperatures is reported by authors [8].
Considering metal complexes that have been clinically approved for a wide range of medicinal uses, Fe is
the most attractive and abundant element present in the environment and participates in various life
biochemical processes [9]. The possible multi-dimensional network forms of Fe make it an intriguing
building block of complexes [10-12]. Fe in its +3-oxidation state can form an octahedral complex with
ligands surrounding the central metal ion. There is an interest in forming metal complexes between Fe and
ligands such as oxalate ions due to the flexible bonding style and

choice of the former for the latter. The four oxygen donor atoms of oxalate make a good choice of ligand
for building iron oxalate complexes [13]. Among various iron oxalate complexes, the emerald green colour
Potassium iron (111) oxalate or known as potassium oxalate ferrate (111) ([Ks[Fe(C204)3], KFCO) complex,
owns interesting applications in the field of actinometry and photometry, which relate to biomolecular
studies and its exploration [14-15]. The paper deals with work of the influence of double-stranded calf
thymus DNA (ctDNA) on their assisting behaviour on KFCO’s dimension. KFCO is used to grow the
crystals of ctDNA-KFCO complex, using ctDNA as an assistant at different temperatures such as room
temperature (25 = 0.5 °C) and higher temperature (70 + 0.5 °C). The ctDNA-KFCO complex focused on
their morphological pattern and their size with the assisting effect of ctDNA in the temperatures studied.
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2. Materials and Methods

2.1 Materials

Ferrous ammonium sulphate hexahydrate (99%, Molecular formula (NH4)2Fe(SO4)2-6H20, Molecular
weight 392.14) and oxalic acid (98%, Molecular formula HO2CCOzH, Molecular weight 90.03) were
procured from Merck (India). ctDNA received from Genei, India was used without further purification.
The stock solutions of ctDNA were prepared by dilution of ctDNA as received (1Img/1mL) in 50 mmol
NaCl to get 2.27 x 10~* mol dm™ (per nucleotide phosphate, NP) which was calculated using the molar
extinction coefficient of 6600 dm= mol™* cm™ at 260 nm. The absorbance ratio (Azso:Azso) in the range
of 1.8 to 1.9 is used for the present work. The required concentration of solutions was prepared by
dissolving the appropriate amount of it in double distilled water. All other reagents and solvents used were
of spectral grade and used as received. The experiments were carried out at an ambient room temperature
of 256+ 0.5°Cand 70 £ 0.5 °C.

2.2 Synthesis of ctDNA-Potassium iron (111) oxalate complex

Scheme 1 represents the synthesis of ctDNA-Potassium iron (111) oxalate complex. Here, 0.5 gm of Ferrous
ammonium sulphate hexahydrate dissolved in water (0.2 mol/dm® containing 0.1 ml of 3 mol/dm?
sulphuric acid). 0.3 gm of oxalic acid dissolved in water (0.8 mol/dm®) was added to the above solution.
The obtained yellow precipitate of ferrous oxalate was heated to boiling, allowed to settle and cooled to
room temperature. The supernatant solution is decanted and the solid obtained is washed with hot water.
The obtained hydrated ferrous oxalate is suspended in a solution of 0.35 gm of Potassium oxalate in water
(0.2 mol/dm?®). The above mixture is heated to 40°C followed by the addition of 1 ml H,O2 added dropwise
with continuous agitation of the mixture. Thus, the obtained greenish liquid filtered from red brown
precipitate of iron oxide, is heated to boiling, while the solution of 0.8 gm of oxalic acid added slowly
with stirring. The hot liquid filtered and cooled in ice (0 °C). To
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Scheme 1 Representation of ctDNA-Potassium iron (I111) oxalate complex synthesis.
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the above solution, 2.27 x 10* mol dm™ ctDNA (1:1) is added and stirred for 30 minutes. Then the spots
of the above solution applied on glass plates for spectral, morphological and size characterisation. The
ctDNA-Potassium iron (111) oxalate was synthesised at 25 + 0.5 °C and 70 £ 0.5 °C temperatures. Since
DNA plays a significant role in the complex assembly as a function of temperature, a control experiment
was carried without the incorporation of DNA, and as a result, the obtained a precipitate of Potassium iron
(111) oxalate is studied [16].

2.3 Structural Characterisation

The absorption spectral measurements were carried out with a 1 cm path length cell in UV-Visible
spectrophotometer (V-630, Jasco, Japan). Infra-red (IR) spectra were recorded on a Perkin—Elmer
spectrometer RXI, USA. The surface topology of the complex is imaged using JEOL JSM 6360 scanning
electron microscope (SEM, Japan). The diffraction patterns of the samples were recorded with Shimadzu
XRD 6000 X-ray diffractometer (XRD, Japan) using a monochromatic X-ray beam from Cu Ka radiation.
The morphology and surface roughness of the complex analysed by Atomic Force Microscope by
Nanosurf Easyscan 2.0 instrument (Switzerland) on non-contact mode.

3. Results and discussion

3.1 Binding KFCO with ctDNA

FTIR spectra of ctDNA and its KFCO complex recorded in the liquid state (400-4000 cm™ region) is
shown in the Figure 1. The v(O-H) mode at 3410 cm-1 shows the presence of lattice water molecules in
ctDNA and in its KFCO complex. The intensity of this complex was also increased for ctDNA-KFCO
interaction. The stretching oxalate modes were completely dominated by the features due to DNA [8, 16].
A new peak emerged at 570 cm for the ctDNA-KFCO conjugate, which corresponds to the Fe-O groups,
which was not present in the IR spectra of pure ctDNA. Ultra violet—Visible spectra of free ctDNA (4 x
10° mol dm®), ctDNA-KFCO complex, (1:1) are shown at different temperatures in Figure 2. UV-visible
spectra for both ctDNA and ctDNA-KFCO complex showed the presence of a nucleotide absorbance band
at 260 nm, consistent with the spectra for double-stranded DNA. DNA shows the absorption band at 260
nm shifts a =2 nm blue shift and there is also an increase in the absorbance of DNA. The evidence for
DNA and the complex assembly was obtained by monitoring bands at 260 nm when the suspensions were
heated to 70 °C. The increased intensity of the band at 260 nm for ctDNA-KFCO complex at these high
temperatures indicated the breaking of double stands into single strands [8]. This band did not show any
wavelength shift upon heating, which is consistent with the SEM analysis at different temperatures.
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Figure 1. FTIR spectra of ctDNA and its KFCO complex recorded in liquid state.
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3.2 Morphological pattern of ctDNA-KFCO complex

The DNA assisted KFCO complex carried at different temperature in solution were spread on a glass
substrate and characterized by SEM. Figure 3 shows the SEM image of ctDNA- KFCO complex at room
temperature, which showed cube-shaped crystals of KFCO having an average diameter of 500 nm,
arranged along the DNA strand framework. The SEM of DNA-KFCO complex carried out at 70 °C is
shown in Figure 4. The morphology has changed from a cubic structure to a fractal rectangular prism
structure at higher temperature. Each part of the nanorods is about 10 pm in size (Figure 4 inset). The
KFCO complex hold their physical shape and size differently at various temperatures. The cube-shaped
KFCO crystals are arranged as linear chains, which are joined in the form of a net, guided by DNA strands.
On heating at higher temperature, the thermal motion of the molecules results into diffusion of them to
form a longer structure. It represents the rectangular prisms structures of ctDNA-KFCO nano rods, with a
typical diameter of ~10 um, formed through aggregation of smaller units into KFCO assemblies of cubic
shape, as assisted by ctDNA at high temperature (70 £ 0.5°C). The significant step toward building up of
a dendritic architecture by Nickel hexacyanoferrate complex and its control by temperature programming
is reported by Bagkar et al. [8].
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Figure 2. Ultraviolet-Visible spectra of free ctDNA (4 x 10 mol dm?), ctDNA-KFCO complex, (1:1)
shown at different temperatures.
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Figure 3. Scanning electron microscopic image of ctDNA- KFCO complex at 25°C temperature.
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Figure 4. Scanning electron microscopic image of ctDNA-KFCO complex carried out at 70°C.

AFM can provide high-resolution topography data from the angstrom level to the micron scale [17]. The
temperature dependence on DNA assisted assembly of KFCO crystals is characterized by AFM (Figure 5
and Figure 6). The 2D image of KFCO complex prepared at room temperature were taken at as positions
on the sample. The AFM images obtained for KFCO crystals synthesised at room temperature (Figure 5)
reveal a self-aggregation process, mostly in H-type aggregates [18] forming cube shaped geometries of
around 140 nm in size. After heating the ctDNA-KFCO complex, the morphology changes and the shape
of the particles becomes smaller, around 110 nm in diameter. The H-type aggregation is less pronounced
at 70°C and the surface is more evenly covered. The topology of ctDNA-KFCO complex at high
temperature shows the rough surface due to denaturation of ctDNA.

3.3 X-ray diffractometric pattern of ctDNA-KFCO complex

The influence of temperature on DNA assisted assembly of KFCO complex in different morphologies,
characterized by XRDis shown in Figure 7. It shows the XRD pattern of ctDNA-KFCO complex at room
temperature, which showed peak 26 at 12.1000, 14.5073, 29.1188 degree with variation in its intensity.
The ctDNA-KFCO complex at high temperature, form rectangular prisms pattern peak 26 at 14.5992,
27.1386, and 29.1738 degree. Even though, the distribution of crystals is uniform over a large area, the
average crystallite size of the complex prepared at room temperature calculated by Debye Scherrer
equation (1) is 41 nm [19].

IJFMR240632144 Volume 6, Issue 6, November-December 2024 6



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

Crystallite Size, D = 0.9A/BCos0 1)
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Figure 5. Atomic force microscopic image obtained for KFCO crystals synthesised at 25°C
temperature

The crystallite size, D of the complex is calculated by the wavelength of the monochromatic X-ray beam
used from Cu Ka radiation (1.5418 A), the diffraction angle 0, and the broadening factor, FWHM
(Fullwidth at half maximum) derived from X-ray diffractogram. The strain (¢) of crystallite size influences
the d spacings of the diffractogram. The relation between the & and peak broadening of the diffractogram
produces Pe. There is variation of peak broadening occurs due to ¢ as given in the following equation (2)
[19].
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Peak width, B (20) =4&Sin6/Cos0 (2
where B and ¢ represent the peak width and the strain of the complex respectively. The strain of ctDNA-
KFCO complex at room and high temperatures are 0.0059 and 0.0064
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Figure 6. Atomic force microscopic image obtained for KFCO crystals synthesised at 70°C
temperature
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Figure 7. The influence of temperature on DNA-assisted assembly of KFCO complex in different
morphologies, characterized by X-ray diffractometry.
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respectively. The morphology of ctDNA-KFCO complex has changed from a cubic structure to a fractal
rectangular prisms structure. The average crystallite size calculated is 29 nm. It

is found that the lobe of a dendrite is about 10 pm in size. The ctDNA-KFCO complex within these
aggregates retain their physical shape and size, as before heating. This indicates the

stabilizing effect that the oligonucleotide has on KFCO complex even at 70°C. The DNA denaturation
which starts at about 70 °C, above which the long chain network structure breaks down smaller fragments,
subsequent aggregation of which produces nanorods.

4. Conclusion

The double-stranded calf thymus DNA is used as an agent to assemble KFCO complex and to produce
aggregates of different morphologies at room and higher temperatures. The study demonstrates a simple
method to control the morphologies of calf thymus DNA-KFCO complex by temperature. At 25 °C and
70 °C, DNA assists the assembly, shows cube and rectangular prism shaped arrangement of KFCO
complex, leading to the formation of temperature-dependent KFCO complex extended arrays. This DNA-
assisted assembly process can be used for the design and fabrication of novel complex architectures of
functional nanomaterials.
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