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Abstract 
As result of advancements in DNA technology, nearly any two- or three-dimensional architecture may now be precisely 

built. The selection of DNA sequences creates new opportunities to predictably generate the structure and size of anodized 

monomolecular assemblies, which is crucial for successful self-assembly. Designer nucleoside analogues can be added to 

DNA nonmaterial’s to further functionalize them with accessible groups that affect their activity. This article highlights the 

latest developments young discipline a rundown of potential future directions and uses. The ability to create nearly any three-

dimensional geometry using a DNA-based scaffolding approach is a significant benefit; the only real restriction is the 

researcher's creativity. Examples of building blocks include engineered Holliday junctions, DNA scissoring, ion-triggered 

switches, DNA tube regulation DNA linkers, and Small-molecule-mediated DNA junction induction. A self-assembled 

crystalline DNA structure developed by Seaman, others is undoubtedly a recent key structure in three-dimensional design. 

[3] Tensor triangles, which are composed of three connected non-coplanar double helices of DNA, are essentially hard 3D 

triangular units. They come together with the addition of sticky vertices, eventually forming a symmetric 3D lattice. 

Surprisingly, at temperatures when genomic DNA is entirely reduced, the DNA will be unusually branched, with small 

sticky ends combining into a highly ordered substance if branch geometry and connector stiffness promote crystallization. 

Can be long (usually viral) DNA strands joined main strands to produce well-defined anodized as illustrated by Rothmans' 

pioneering work on DNA origami tiles. The successful fabrication of smiling faces on well-known maps and surfaces is 

proof that DNA origami only needs a few hundred basic strands to form. [12] Because rectangular origami tiles may be 

connected together by hanging DNA around the edges, they are now beginning to play a significant assembly line. Grasp the 

crucial elements DNA is involved in the construction of origami superstructures requires an understanding of origami tile 

design. 

 

Introduction 

Unquestionably, one of the most important scientific discoveries of the 20th century was solid-phase DNA synthesis. 

Without the knowledge of DNA structure and function, new industries like biotechnology would not have emerged, 

considerably advancing biology and molecular genetics a thorough knowledge of DNA, nucleotide pairings, Watson-Crick 

base pairing, and double-stranded DNA (DNA) is possible to create DNA sequences with arbitrary complementary 

nucleobase recognition thanks to the helical structure. All techniques using DNA as a template and scaffold must be 

successful high-yield synthesis and purification. In addition, nucleoside analogues are used in the developing field of DNA 

biotechnology by various study areas like supramolecular chemistry, chemical synthesis, and mineralogy conjugation 

chemistry. The phrase "DNA architectonics" might be a better way to describe the present trends in the field,[3] in which 

DNA is becoming an increasingly important structural element and intellectual glue without losing sight of its significance in 

the biological sciences. In reality, a lot of prospective applications are geared toward the life sciences, such as DNA structure 

analysis, employing DNA as nanostructures for drug administration or imaging from its biological surroundings, and 

exploiting DNA for medical therapy as a very versatile construction material. This bimolecular is seen from a completely 

different angle thanks to the structure. DNA is thought to be relatively stiff, however a one-dimensional stick with an 

extended length of 50 nm (approximately 150 base pairs) can be created with some structural flexibility, such as tiny bulges 

or single-stranded regions; these will be essential for the successful self-assembly of structures. Duplexes are largely stable 

even with numerous internal and external alterations because of DNA's remarkable tolerance for change. Recent studies of 

the literature on the production and use of nucleoside analogues highlight the various modifications that can be made. [4] 

Even though normal DNA, which is readily available from commercial sources, can be used to create many of the 

fundamental constructions outlined here, coupling nucleoside analogues with programmable functions brings the concept to 

a whole new level of complexity. Organic synthesis will undoubtedly continue, with DNA playing a crucial role in 

successfully bridging supramolecular chemistry and self-assembly disciplines. A growing number of components for DNA 

site-specific alteration are also accessible from commercial sources in this regard. A number of modifiers for subsequent 

ligation, including photosensitive units, are included in modifications that directly affect DNA structure, such as amide 



                                                         Wakse Tushar Ganpat.et.al /Data Analytics and Artificial Intelligence 1(2) 2021, 186-191 

Copyright@ REST Publisher                                                                                                                                                                   187 

linkage, disulfide chemistry, and click ligation at the ends and ends of DNA. This article focuses on current advances in 

DNA nanotechnology, including increasingly modified nucleotides produced through chemical synthesis or post-synthesis 

modification of building blocks. 

 

Bio-inspired materials Early days 

Review articles on the development of DNA nanotechnology have been published in the previous several years[3, 5], most 

recently in the special issue magazine Chem. Therefore, just a brief summary of early systems will be provided [6]. The 

groundbreaking research on DNA assembly comes from many labs. They included Seaman and Turberfield, both of whom 

understood Self-assembly cubes of DNA strands or octahedral or, at best, tetrahedral structures could be accomplished in a 

number of stages or, many years earlier, in a single step set. [9] Since then, a variety of arrays have been effectively 

incorporated into surfaces, including grids and lattices, [10] connected twisted wires,[11] nanoscale designs by folded 

DNA,[12] tubular structures,[13] and bipyramids,[14].The building block of nanotechnology is RNA. [15] And has the 

potential to become yet another useful tool, as Jaeger et al. [3, 16] have shown. The ability to simply change the length of the 

edges is a significant advantage. It is necessary to consider felicity when expanding DNA sequences. Therefore, depending 

on the intended structure, it may be more advantageous base pair increments as long helical turns (i.e., the helical pitch of B-

DNA). First packets the annealing procedure needed to be carefully controlled because the DNA material was in low yield 

and under extremely diluted circumstances. This issue has been solved by modern technologies, primarily through improved 

DNA sequence design, and assemblies can now be produced in large quantities. Careful monitoring of fiber purity and 

relative stoichiometry is essential to ensure good yields, as all assemblies are based on a precise equilibrium relationship 

between the complementary fibers involved. 

 

DNA-nanoparticle conjugates 

It should be acknowledged that the earliest studies on the selective conjugation of gold nanoparticles (Aunts) by DNA 

recognition by Firkin [17] and Alivisatos and others laid the groundwork for a variety conjugations based on DNA scaffolds. 

Attaching thinly modified DNA ends is the fundamental idea. With particular DNA arrays, many NPs can be altered to 

hybridism with either their own DNA or complimentary bridging DNA. One-dimensional DNA-NP conjugates have been 

achieved (linear chain-like, ribbon-like, branching,) [19], including the creation of assemblies of various size using selective 

DNA hybridization of DNA-binding. By utilizing covalent connections between DNA and functionalized, such as peptide-

DNA recognition, [20] and electrostatic contacts [21] or by utilising electrostatic interactions. [22] As demonstrated by 

Ivanisevic and colleagues, who exploited particular DNA sequences for recombination to a DNA scaffold, DNA sequences 

in NPs are also accessible enzyme manipulation (restriction and restriction enzymes). This idea can be used to DNA surfaces 

(see below), as well as DNA templates such hexagons [24], lattices, and grids [25]. It can also be applied to gold electrodes 

by directly binding DNA to a thin surface, followed by layer-by-layer hybrid assembly. [26] NP crystals are presently being 

made using DNA-guided The formation of three-dimensional crystalline assemblages of aunts, mediated by interactions 

between complementary DNA molecules bonded to the surface of nanoparticles, is described by Gang et al. in a landmark 

work. [27] They were successful in realizing a body-center-of-mass lattice structure that is temperature controllable and 

structurally robust thanks to their tunable technique open. Additionally, NP lattices are built using this notion; [28] Six 

design rules that can be utilized purposefully create different colloidal crystal structures with control over the lattice 

properties on the 25 to 150 nm length scale have recently been published by Firkin et al. [29] Their design guidelines 

describe a method for individually adjusting each connected crystal. Now that they have been disclosed, fibers having 

addressable locations for switching extended 2D crystals; the creation of 2D grids on solid surfaces, as reported by Mao et 

al., is one the more recent advancements? [30] Pistol and Dwyer's stepwise sticky-end refolding method enables the low-cost 

synthesis of fully programmable, large molecular weight DNA complexes from tiny antecedents. Phase that grants access to 

a vast array of DNA sequences. 

 

DNA surfaces as templates 

The concept of DNA self-assembly was shown by peers and colleagues in the form of two-dimensional lattice and grid 

structures. It is also possible for two-dimensional grid and lattice architectures to have addressable arrays with additional 

capabilities. Surfaces so serve as bases, acting as anchors for proteins, antibodies, nanoparticles, tiny molecules, and DNA 

strands. [32c] By joining thrombin and platelet-derived growth factor tamers to stable DNA shells as a proof of concept, 2D 

arrays were made. Periodic insertion of "blank" tiles serves as a space unit. This method has been used to precisely assemble 

two proteins into a single shell. [33] Other bimolecular are frequently linked to origami shells utilising linker-modified core 

fibers, including improved green fluorescent protein, [34], horseradish peroxides (HRP), glucose oxidation, [35], and viral 

viruses [36]. (See below). Which, for instance, modifies the bimolecular with the complementary DNA strand or interacts 

with the protein through His-Tag-Nickel interactions? Long (usually viral) DNA strands can be joined with short main 

strands to produce well-defined anodized tiles, as illustrated by Rothmans' pioneering work on DNA origami tiles. DNA 

origami requires a few hundred primary strands, and successful production has shown how well accepted the idea is. On the 

outside, there are sketches and happy expressions. [12] Due to the ability of rectangular origami tiles to be held together by 

DNA hanging from the edges, they are now starting to play a significant part in assembly line design. Grasp the crucial 

elements construction DNA origami superstructures are required an understanding of origami tile design. When assembled in 

a pattern along the DNA helical axis, parallel DNA helices create set Rectangular DNA origami tiles. [37] The inherent 
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universal twist included in the first planar, rectangular origami tiles can be relaxed thanks to this design due of this, folding 

and assembly techniques wind up being substantially different from what was intended. In this instance, the tiles were 

intended to promote the construction of two-dimensional arrays, but one-dimensional linear arrays and tubular structures 

were seen instead. The unit tiles' aspect ratio and connecting are factors. The theoretical examination crossed tiles is equally 

crucial comprehending DNA bending, which is necessary the effective assembly Origami tiles. [38] Endo and Sugiyama [29] 

glued Y-shaped, X-shaped, and star-shaped structures together with self-assembly fibers create hollow prism structures. 

High-speed AFM (one image per second) demonstrated the irreversible breakdown of hollow structures in a matter of 

seconds. Additionally, Mow's bands, which may be rearranged to produce elastic loops and catenas by strand displacement, 

have been assembled using DNA origami. [4] This "DNA folding and cutting approach, comparable to Japanese kirigami, 

can be utilized to make and recreate programmable topological shapes unparalleled in molecular engineering," according to 

the suggestion and Richmond went one step farther and made orthogonal stacks of DNA origami tiles, stacking interactions 

for instantaneous recognition. By creating a four-helical bundle shell, this work adds a third dimension and illustrates how 

DNA's base-pairing-based attractive interaction can produce a variety of interactions. This work may inform tactics for 

molecular recognition in systems other than DNA nanostructures. They appear to be highly durable and strong. Although 

these could be put together to create filaments that were a few micrometers long, attempts to create 2D structures failed and 

were instead viewed as unusual; the reason why is unclear. Addressing the platform by DNA coding is a frequently utilized 

idea in DNA duplex origami tinplating. Give dangling DNA strands. This DNA code, similar to the addressing of 2D DNA 

crystals, creates a distinct address on the platform. There may be interesting particles in hybridized DNA that require 

legalization. [4] Once more, the idea is universal: DNA binding sites are adsorbed to surfaces with specific coding sequences 

in origami templates. For instance, it is simple to combine nanoparticles modified with a complementary DNA sequence to 

create seed nanoparticles. These seeds can have nanoparticles expanded on them and integrated using an electro less silver 

deposition process. This technique was used by Labuan, Finkelstein, and colleagues to build various metallic structures. [5] 

Rings, pairs of bars, and H forms are created when origami tiles come together. Triangular DNA origami for vapor-phase 

etching of silicon oxide molecular lithography is a novel feature. As a result, more intricate DNA origami structures are used 

as templates. Mao and Deng [17] had already described molecular lithography using DNA nanostructures, but the group has 

now produced arrays of metal nanoparticles using the imprinting method. [18] Self-assembled DNA nanostructures called 

templates direct how nanoparticles are put together during thermal evaporation in the gas-solid phase. 

 

3D DNA structures, empty or encompassing cargoes 

The ability to create nearly any three-dimensional geometry using a DNA-based scaffolding approach is a significant benefit; 

the only real restriction is the researcher's creativity. As building blocks, one might use, for instance, designed Holliday 

junctions, DNA scissoring, ion-triggered switches, [11] DNA tube modulation by DNA linkers, or small-molecule driven 

DNA junction induction. The creation of strictly self-assembled crystalline DNA structures by Seaman, Mao, and colleagues 

was a recent 3D design milestone. They can be connected by including sticky vertices and finally come together to form a 

symmetric 3D lattice. Surprisingly, branched DNA assembles into a highly organized material with remarkably short sticky 

ends at temperatures when genomic DNA is totally eliminated if branch geometry and linker stiffness promote 

crystallization. [54] This Richard's system. It links branching DNA with two base pairs, which is enough to create a new 

material, using hard organic linkers. To achieve hybridization, a number of variables must be tuned, including improved 

stiffness, decreased charge, the ideal proportion of inorganic DNA material, and the proper counter-ions. By making curved 

shells, the idea of building distinctive structures is given a fresh spin. These shells can be utilised to build concentric rings, 

2D arrangements of 3D spherical shells, ellipsoidal shells, and nanoflasks. Dietz, Shih, and Douglas were the first to 

demonstrate that intricate shapes like twists and bends can be created at the nanoscale scale. [5] DNA strands are guided to 

produce a certain shape of strongly cross-linked double helices that are organized parallel to their helical axes through 

programmable self-assembly. Targeted base pair insertions and deletions result in DNA bundles that bend or form an arm. A 

tight bending radius of 6 nm has been attained, and the degree of bending may be quantitatively regulated. In order to 

construct a range of complicated nanostructures, like wireframe peach balls and square-toothed ones, the team joined many 

curved parts. The Gears team improved on this technique to produce unique three-dimensional structures restrained within a 

honeycomb lattice and formed from folded layers of helices. [36] They showed how to create and assemble roughly six-

dimensional nanostructures with carefully managed dimensions between 10 and 100 nm. Yan and her coworkers continued 

to develop 3D materials based on this idea. [27] Designing a 3D item entails meticulously splitting it into a wireframe 

representation, much like how latitude circles are used to divide the Earth. To get the proper curve, tiles must be 

meticulously hand-shaped, including the cross and main threads. The effective fabrication of a DNA nanoflask with a neck 

diameter of 13.2 nm, a maximum flask diameter of 40 nm, and an overall height of 70 nm required the employment of 35 

concentric double helical DNA loops. 

 

DNA switches, machines and walkers 
The creation of nanostructures now includes variable DNA structures. In addition to the typical helical duplex, DNA can 

assume a number of secondary configurations, just like folded RNA. Hairpins, loops, bumps, quadruplexes, B-to-Z-DNA 

transitions, and I-motifs are examples of versatile structures that can be transformed. Changes in ambient (physical) factors 

like pH, temperature, or ionic strength, as well as the addition of suitable complimentary fibers, often known as "fuel" fibers, 

can cause these phenomena. Krishnan and Zimmer have examined the area of molecular devices based on nucleic acids. [10] 
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Mao, Seaman, and colleagues published the first study on a DNA nanomechanical device in which they converted P to Z-

DNA by varying the ionic strength of the buffer solution. [31] Yorker and co. The first DNA-powered molecular machine 

built of DNA is the so-called "molecular tweezers." DNA is used by their "machine" as both a structural component and as 

"fuel." Three hybridized strands are used to build the machine, which is assembled using a pair of tweezers. By adding 

complementary DNA fuel strands, tweezers may open and close, results in doubling of DNA waste. This idea used numerous 

times by this point, and a more recent instance entails altering the DNA structures by varying the distance in the gang DNA 

scaffold structure to include the proper complementary strand. An external magnetic field can be used to stretch and contract 

hairpin DNA, which is fixed on the glass surface at one end and attached to magnetic NPs at the other. [14] In this instance, 

the fuel is provided by an external, controllable stimulus rather than DNA strands, causing the DNA to react Conversely to 

the magnetic field acting as a motor. The idea of artificially altering DNA using small organic modification units is growing 

in appeal, and azobenzene derivatives are proving to be practical control agents. A short non-planar Z-form and a long planar 

E-form can transition into one another as a result of interactions between azobenzenes and various wavelengths. Now 

commercially available, the component for DNA synthesis is simple to attach to any DNA strand. The advantage of using 

light as opposed to DNA fuels is that the machine can be controlled remotely, produces no waste, and is reversible with a 

simple input. However, switching is not always efficient, cannot be completed quickly (typically on the order of minutes), 

and overlapping absorption makes it challenging to identify specific addresses. Examples of switching between light-driven 

nanomachines utilising azobenzene-modified DNA include photo switching. A hairpin structure at the edges is promoted by 

the contraction of one of the tetrahedron's edges, which is started by an azobenzene switch and followed by the truncation of 

the corresponding segment. More recently, three vertices of various trifocal faces of the tetrahedron have been joined. The 

system's durability and reversibility were demonstrated. When DNA structures are in opposition to the Watson-Crick base 

pair, chemical DNA modification is also beneficial. The synthesis of DNA catenae by Haeckel and Schmidt is a beautiful 

illustration. [37] Despite the fact that the 3D structures mentioned above are catenaries made of DNA strands bonded to one 

another, they are interconnected and are immobile. In this instance, polyamide-DNA interactions hold structures together. 

Bonded parallel a DNA loop, interacts with another loop by way of sequence-specific binding. Although the catena does not 

move, polyamide can theoretically be split, allowing the rings to revolve freely. This is a precursor to molecular motors or 

machines. Similar to this, rotoxanes proposed Hamlet, Famulok et al. [18] combine DNA nanotechnology and mechanically 

coupled molecules; naturally, these constructions have moving parts (a macro cycle moves seamlessly on an axis). Recently, 

this idea has been applied to DNA with light-activated "cage" interaction modules, in which exposure to nearby light triggers 

the development of dimmers, providing functional nanostructures with an additional degree of control. [29] All of these 

frameworks employ a modular construction method to create interconnected systems; enzyme ligation is utilized to avoid 

DNA strand re-stranding or new, large, globular DNA constructs are necessary. They might also make good building blocks 

for DNA-based devices or molecular motors due to their moving parts. 

 

Conclusion 

It is evident that DNA architectonics has made progress to the point where it is simple and predictable to produce new 

materials. The primary building component for producing all types of geometry is DNA. Given that DNA is more than just 

the building blocks of buildings; this is arguably the most straightforward use of DNA. Self-assembly must have 

programmable particular sequence recognition in order to succeed. DNA can be utilized as a fuel to create autonomous 

behavior in nanosystems. Particular local DNA structures (single-stranded, double-stranded, bulges, loops, hairpins, 

junctions, etc.) can be used contribute form, stiffness. Furthermore, research on RNA, which is a component of DNA-RNA 

hybrid nanostructures and has a Rich chemical, structural and functional variety, getting started. [38] Not to be overlooked is 

the fact that the initial attempts were motivated by the successful solid-phase chemical synthesis of DNA. The creation are 

nucleotide analogs thus gradually prominence. An essential is to combine DNA geometry with the immense potential of 

chemically created building components. Although initial attempts have been successful, a highly ornamented and 

multifunctional DNA structure not been created. Naturally, this will soon become apparent. Geometries made from DNA 

will keep appearing more frequently, and they'll become more sophisticated and useful. There will be a rise in sophisticated 

designed structures with numerous uses in nanotechnology, electronics, drug delivery, detection and sensing, and computing. 

Fully autonomous devices based on DNA currently exist. However, since new technologies continue to develop, it is difficult 

to forecast where the area will go. For example, methodologies utilized expected because several essential technologies were 

not accessible for origami tiles. There are many obstacles to overcome, and DNA nanotechnology will undoubtedly be 

crucial in developing a useful nanoworld. 
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