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Figure 1 (a) Four-arm DNA tile self-assembly [4]. (b) Five different
structural arrangements of double-crossover structures [5]. (c) DNA
double-crossover-based 2D self-assembly, four-arm [6], six-arm [8] and
three-arm [7]. (d) DNA origami-based 2D, 3D self-assembly [11] (color
online).
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Figure 2 (a) Shape-reconfigurable 2D, 3D nucleic acid framework
structures [25]. (b) An addressable DNA box [26]. (c) A reversible
protein transporting channel [27] (color online).
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Figure 3 (a) Azobenzene-actuated DNA molecular machine [30]. (b)
PNIPAM thermo-actuated DNA flexor [28]. (c) DNA framework
nanomachines with adaptive size and mechano-fluorescence actuation
[31] (color online).
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Figure 4 (a) A nucleic acid framework nano turbine performing
spontaneous unidirectional rotation [34]. (b) Electric field actuated
nucleic acid framework mechanical arm [37] (color online).
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Figure 5 (a) Target responsive nucleic acid framework molecular
robots loading specific antibody [43]. (b) Thrombin responsive tumor
targeting nucleic acid framework molecular robots [44] (color online).
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Figure 6 (a) DNA strand displacement-actuated plasmonic nanos-
tructures [45]. (b) Light-actuated plasmonic nanostructures [30]. (c)
Heat- and chemical substance-actuated plasmonic nanostructures [47].
(d) DNA strand displacement-actuated plasmonic nanoclock [48] (color
online).
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Figure 7 (a) ORBIT tracking the rotation of DNA at the single-
molecular level with a time resolution of milliseconds [52]. (b)
Molecular positioning device made from a hinged nucleic acid
framework object [53] (color online).
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Abstract: Molecular machines are micro-scale devices constructed from molecules that can perform mechanical
movements at the molecular level similar to those of macroscopic machines when subjected to appropriate stimuli such
as light, temperature, pH or electromagnetic fields. However, the research on molecular machines is still facing many
technical challenges, including how to precisely control the movement of molecular machines and build large-scale
molecular machine systems. As a promising molecular self-assembly approach, DNA nanotechnology can be used to
construct complex stimuli-responsive nanomachines and precisely control their movement at the molecular scale. In this
review, we introduced the assembly principles of DNA nanotechnology in brief, reviewed nucleic acid framework
molecular machines responding to different types of stimuli such as DNA strand displacement, light, heat, pH, and
electric fields, and explored their applications in drug delivery, constructing three dimensional plasmonic optical devices
and acting as biological molecular rulers.

Keywords: molecular machines, nucleic acid framework, DNA strand displacement, drug delivery, plasmonic optical
devices
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