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Abstract: Deoxyribonucleic acid (DNA) is the coding material in living organisms. Complementary pairs of nucleobases 
contribute to the Watson-Crick helical shape of DNA. The nucleobases are connected through hydrogen 
bonding. This unique feature not only allows for genetic information to be stored but also the assembly of 
complex nanostructures. DNA-based nanotechnology utilizes DNA as the engineering materials. DNA 
nanodevices can be designed to work as a drug carrier with programmable selectivity, sensor and computer. 
Since DNA is a natural material, the application of DNA nanodevices in a biological environment ranging 
from the relatively simple cell to a complex living organism is a complex, risky but rewarding task.  
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Deoxyribonucleic acid (DNA) based nanotechnology uses 
exclusively DNA as an engineering material to build 
nanodevices. Since the concept of DNA base pairing and its 
thermodynamics are well understood, DNA based 
nanotechnology allows the precise design of both structural 
and dynamic devices with sizes ranging from nanometers to 
millimeters. Thus, DNA-based nanotechnology is a bottom-
up technology that can form complex structures, which are 
not accessible by conventional top-down technologies such 
as lithography. Chen et al. recently gave a comprehensive 
review on this technology [1]. 
 
Biological systems have the ability of sensing information, 
processing information and giving back a feedback. 
Molecular sensors, computational circuits and actuators exist 
in living organisms. The first step to mimic these natural 
systems is to emulate these functions in a cell-free 
environment without the complex interaction with DNAs 
and ribonucleic acids (RNAs). DNA as an engineering 
material to form relatively large structures on the order of 
micrometers has been identified in the 1980s [2]. 
 
The so-called DNA origami is a folding technique of DNA 
to create two-dimensional (2D) [3] and three-dimensional 
(3D) structures [4]. The technique uses a long single strand 
acting as a scaffold. The desired shape is programmed with a 
large number of short staple strands bound to the different 
places on the long scaffold strand. The image of the desired 
shape is designed as a raster image of the scaffold DNA. The 
design is then fed into a computer program that calculates 

the positions of the staple strands. The complementary 
staples are positioned at the specific places that are later 
connected through Watson-Crick base pairing. The precise 
construction of these DNA nanostructures allows them to be 
use as drug delivery tools. DNA nanodevices act as scaffolds 
for the attachment or container for the delivery of functional 
therapeutic groups and targeting moieties. 
 
DNA based nanotechnology has progressed further from the 
structural design of static structures to dynamic DNA 
nanotechnology. The above folding technique through static 
hybridization has been extended with the dynamic, 
competitive hybridization, which is programmed through 
DNAzyme catalysis or DNA strand displacement reactions. 
This technique allows the design nanodevices with moving 
parts and dynamic behavior such as actuators [5]. Dynamic 
DNA technology allows the design and fabrication of 
molecular motors and molecular circuits and catalytic 
amplifiers. 
 
Most of the above nanodevices were designed and tested in a 
cell-free environment. In a cellular environment, DNA 
nanodevices may interact with proteins that interfere with 
their function and performance. With the targeted 
applications in cell culture and living organisms, DNA-based 
nanodevices should be stable in media such as cell lysates 
and serum. Ko et al. [6] were first to demonstrate the cellular 
uptake of large DNA nanostructures. The uptake efficiency 
can be further improved with modifications such as coating 
the device with viral capsid proteins [7]. Sensing RNAs in a 
cell could reveal the identity and health of a cell. DNA 
nanodevices are ideal to work as probes, or molecular 
beacons, to detect specific RNA sequences in living cells. A 
relevant application of this technology is the detection of rare 
circulating tumor cells in blood. 
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A major application of dynamic DNA based nanotechnology 
is molecular circuitry or molecular biocomputer. For 
instance, Kahan-Hanum et al. [8] introduced DNA 
nanodevices as logic AND-gates into breast cancer cells. The 
fluorescent output was only activated in the presence of two 
input molecules. Most of the recent works on DNA 
nanodevices for drug delivery and sensing were performed in 
cell cultures. The next challenge is their applications in 
multicellular organisms. As mentioned above, the major 
hurdles here are delivery to the side of interest and the 
stability of the engineered DNA structure. Another emerging 
issue is the toxicity of DNA nanodevices in living 
organisms. 
 
 The recent success in using DNA nanodevices for drug 
delivery and sensing promises their huge potential in 
therapeutics and diagnostics. The ability to perform logic 
operation will improve the performace and specificity of 
DNA-based diagnostic technology. The combinatory logic 
operation of multiple biomarkers that can be performed in a 
living organisms will ead to a high level of specificity. DNA 

nanodevices will not only sense but also reprogram a cell 
and even a whole organism. DNA nanodevices that delivery 
DNA or RNA transcription programs can bypass the immune 
system and reprogram cells for tissue and organ 
regeneration. In term of nanotoxicity, the next generation of 
DNA nanodevices should be customized for the immune 
responses of the host organism, thus these devices could 
potentially be engineered for personalized immunotherapy.  
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