
 

Abstract 

 
Computing in molecular-scale has been explored from the era of pre genomics with a limitation in Moore's law for 

devices based on silicon. The development of in vivo computation requires low energy consumption in molecular- 

scale. The concept of DNA computing has rationalized the basic Boolean functions into multi-layered circuits. In the 

Recent year, the concept of RNA nanotechnology has emerged as an alternative approach because the RNA 

nanoparticles are emerging as a promising medium for a nanodevice with a platform for computing in molecular- 

scale. In RNA computing, the varieties of small RNA sequences can work antagonistically to carry out computational 

logic in circuits to execute the process of in vivo computation. Though RNA computation is promising in most cases, 

but it is still in the infant stage and there are many challenges to collaborations between the people in RNA 

nanotechnology and computer science to carry out the necessary advancement in performing in vivo computation by 

RNA Nanotechnology. 
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Introduction 

In case of embedded systems and silicon-based computers, circuits 
with nano chip had become a vital aspect in our life [1] and there is a 
larger requirement for the development of nano processors to develop 
a proper protocol for performing computation in various levels of 
communication. In order to solve the large requirement of processor 
development, the concept of “molecular scale computing” was evolved. 
In the process of molecular computation, bottom-up approaches were 
applied to create the biological and chemical layouts to develop 
computers in a nanoscale level [2-6]. Apart from the process of 
computation, the central processing systems with an integrated circuit 
comprises the implication of logic gates to perform the operations of 
Boolean logic by receiving the true (i.e., 1 for high voltage) and false 
(i.e., 0 foe low voltage) values resulting in output. Ue frameworks of 
Boolean operations were used as a measurement for the identification 
of interactions and classification under the abele and disabled 
conditions were represented to analyze the diseased conditions [7,8]. 
At present, most of the Boolean logic gates were operated by a complex 
and inconvenient method called fluorescence detection [9-14]. As an 
alternative, a homogeneous detection method by colorimetric 
technique was also employed by coefficients with a high level of 
extinction. However, there are more limitations in the application of 
DNA-based computation in molecular scale computing and the most 
obvious condition is the intolerable level of execution time in 
performing the “AND” or “OR” logic because the common execution 
time is 1–2 h but the application of three-layer see-saw circuits in DNA 
based molecular scale computing require more than 6–10 h to reach a 
stable state to achieve the final value. Ue second challenge of DNA- 
based computation is the limitation of functional proteins required for 
catalyzing the reactions but engineers and scientists have started to 
develop advanced techniques  in devices with molecular-scale 

computing to build computers for the next generation such as 
Neurologic quantum computers and still the approach of DNA-based 
computation is promising and it will produce good results in future 
aIer developments. 

RNA nanotechnology is a relatively modern and recent field of 
science with the application of bottom-up or top-down approaches to 
build the artificial architectures of RNA in nanoscale. RNA 
nanotechnology involves the characterization of the physical, chemical 
and biological properties of artificial RNA sca9olds in computing 
devices. Ue concept of “RNA nanotechnology” began in the beginning 
of post genomics i.e., the late 1990s with the pioneering research of Dr 
Peixuan Guo and the findings were published in Zhang et al. [15-18]. 
In 2004, the same group reported the systematic formation of the 
pRNA nanoparticles by the technology of palindrome sequence- 
mediated self-annealing [19-22]. In the following years, they were 
successful in conjugating the pRNA molecules with the therapeutic 
functionalities such as microRNA and ribozymes [23-28]. Uese 
findings initiated the path for the development of RNA 
nanotechnology. At present, RNA nanotechnology has become a 
rapidly developing branch in science with a strong implication in 
diverse fields such as chemistry, microbiology and nanomedicine. 
Modern perspectives in the applications of the RNA nanotechnology 
has lead to a more sophisticated era known as the “era of RNA 
computing”. 

Ue vital significance of RNA Nanotechnology relies on the 
application of RNA biopolymers in the atomic level. In case of RNA, 
the base pairing of nucleotides can be canonical as well as non 
canonical and the tertiary interactions of RNA mediate multi-way 
junctions, bulges and internal hairpin loops. As an additive feature, the 
versatility of RNA folding is relatively low in energy and this feature is 
a significant advantage over DNA with respect to the thermodynamic 
stability [29-31]. Apart from the additive feature, RNA is currently 
regarded as a subdivision of nucleic acid nanotechnology because of 
the discovery of the diverse functions of RNA in riboswitch and 
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ribozyme [32,33]. It was also suggested that the RNA molecule has an 
immense potential in the area of intracellular computation. 

 

Application of RNA Nanotechnogy in Designing 
Computers 

Till date, the concept of RNA nanotechnology has shown the 
capability to provide a path to form designed complex structures with 
a précised control in a nanoscale. Ue field is still in the initial stage to 
verify the in-depth application in the design of logic gates as a building 
block for the construction of neurocomputers with RNA 
nanotechnology but the emphasis is on some of the vital aspects of why 
it is critical role in the process of catalysis in cell signaling and sensing 
functions. Unlike the traditional computers RNAs use the 
concentrations of specific chemical species as signals to implement the 
functions of logic to build up the network of multiple layer Boolean 
networks with logic gates AND/OR/NOT [34-37]. Ue design and 
synthesis of basic functional circuits are the fundamental tasks for 
developing a fully functional computing device. Prior to engineering, it 
is vital to analyze the statistical and molecular aspects of higher order 
genetic networks to perform complex functions in the 
nanotechnology-based devices and these devices can exhibit the logic 
operations (AND, NOR, NAND or OR gates) with filtering of signal. 

 

Application of RNA Nanotechnology in In vivo 
Computation 

Recent advances in the area of RNA-based therapeutics have 
broadened the scope of identifying the therapeutic targets for a variety 
of human diseases ranging from genetic disorders to opportunistic 
infections. Ue application of nanotechnology in living systems has 
already been proven but the evolution of molecular computers was 
found to be able to operate and communicate directly in a biological 
environment [6,14]. Rinaudo et al. [38] programmed a device with 
biomolecular computing to work inside a living cell. Uey had inserted 
a plasmid with a specifically encoded DNA and used an external 
program to control the computation inside the host cell. Ue mRNA 
was used to encode a fluorescent protein and the target sequences for 
small interfering RNA (siRNA). Uey found that siRNA was able to 
control the level of fluorescence exhibited by the cell because of the 
degradation of mRNA. Win and Smolke [37] developed the technique 

of in vivo programming with an independent computation in the 
machinery of cell cycle; in their experiment they observed a response 
to both endogenous and exogenous molecular signals. In their work, a 
combination of ribozymes and RNA aptamers were used [39,40]. Ue 
idea behind the work was to utilize the cleaving ability of ribozyme to a 
specific molecule. Uey have also demonstrated the operations of 
Boolean logic using the concentrations of two proteins as input and 
output, implemented by studying the mechanism of ribozyme– 
aptamer molecules using yeast. 

Auslander et al. [41] utilized the advancements in the synthetic 
biology of RNA and designed the standardized control devices using a 
trigger with a set of controlled transcription factors and RNA-binding 
proteins. Uese combinatorial circuits can be integrated to perform 
digital computations with NAND, AND, NOT and N-IMPLY 
expression logic in single mammalian cells. Importantly, they showed 
that the individual mammalian cells were capable of executing the 
basic arithmetic functions in a robust manner. As an outcome, this 
information will provide a new strategy for treatment in future. Lou et 
al. [42] developed a memory module which is a toggle switch with two 

mutually repressed repressors (CI and CI434 genes) isolated from the 
lambda and 434 phages respectively. Ue memory module is expected 
to function as follows: when CI is present, it activates transcription and 
represses the transcription of CI434, thus establishing a stable state of 
high CI and low CI434 and it is defined as the “ON” state of the 
memory module. In this case, the red fluorescent protein is expressed. 
Alternatively, when CI434 is present, it can repress the transcription of 
CI and thus maintain the transcription of itself and establishing a 
stable state of low CI and high CI434 and it is defined as the “OFF” 
state. Another approach used a scalable factor (transcriptional/post- 
transcriptional) to construct a synthetic regulatory circuit with a HeLa 
cancer cell ‘classifier’ to senses the expression levels of a customizable 
set of endogenous microRNAs to trigger a cellular response that 
matches the predetermined profile of interest [43]. 

 

Conclusion 

Natural or synthetic RNA molecules can be fold into predefined 
structures for their spontaneous assembly to form nanoparticles with 
multiple functionalities. Ue field of RNA nanotechnology is still 
emerging but it will play a vital role in synthetic biology medicine, 
biotechnology and nanotechnology. 

 

Future Prospective 

RNA-based computation has more advantages in terms of variations 
and flexibility than the DNA-based computation. But, the biochemical 
reaction time is still a critical aspect in working with a scalable circuit. 

 

Further Challenges 

Ue biggest challenge associated with the RNA-based computation 
of intracellular machinery is its instability. However, the artificial 
modification of the RNA bases, phosphate backbones and the C-2 
functional group produces an acceptable stability. Moreover, it is 
believed that the most prominent replacement of the 2-hydroxyl group 
with fluorine may have a minimal detrimental e9ect on RNA folding. 

Ue next challenge is to analyze the issues involved in the instability 
of in vivo computation by RNA with the operations in logic for a large 
number of inputs involved in targeting an unexpected pathway 
because the results RNA folding and in vivo requires further studies to 
explore the field of “in vivo RNA computation”. 

Ue final challenge associated with “in vivo RNA computation” 
involves the cost for yield and production of RNA because the 
synthesis of RNA will gradually decrease with the development of 
technologies for the industrial production of RNA in large scale. 
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