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Self-assembly is the spontaneous formation through free energy minimization of reversible aggregates of basic 
building blocks. The size of the aggregating units can vary from a few angstroms to microns, thus making self-
assembly ubiquitous in nature and of interest in several fields, including material science, soft matter and 
biophysics. Through self-assembly it is possible to design new materials whose physical properties are 
controlled by tuning the interactions of the individual 
building blocks. A relevant self-assembly process is the 
formation of filamentous aggregates (i.e. linear chains) 
induced by the anisotropy of attractive interactions. 
Examples are provided by micellar systems, formation of 
fibers and fibrils, solutions of long duplex B-form DNA, 
filamentous viruses, chromonic liquid crystals (LCs) as well 
as inorganic nanoparticles. If linear aggregates possess 
sufficient rigidity, the system may exhibit liquid crystal 
phases above a critical concentration. In order to grasp a 
physical understanding of this complex behavior, building 
on the venerable Onsager theory, we developed few years 
ago a novel theoretical approach for these self-assembly-
driven LCs. Noticeably, our theory contains no adjustable nor fitting parameters. Predictions for the isotropic-
nematic transition have been carefully tested in two simple model systems, namely bifunctional polymerizing 
hard cylinders [1] and bent-cylinders [2] by using Monte Carlo simulations. Theoretical results for isotropic-
cholesteric transition and for helical ordering in the cholesteric phase have been tested in a real system – i.e. a 
water suspensions of short DNA duplexes – where the chirality of the constituent building blocks induces the 
formation of a chiral nematic (cholesteric) phase [3]. Among all LC phases observed in self-assembly-driven 
LCs based on DNA, the smectic one was elusive so far. Building on DNA versatility in creating novel constructs 
and our former theoretical understanding of self-assembly-driven LC phases we designed three DNA sequences 
which self-assemble at room temperature into a nanoparticle about 50 nm long comprising of two double-
stranded DNA duplexes linked together by a DNA filament 13 nm long. As shown in the Figure 1a, this 
nanoparticle resembles a nunchaku (see Fig. 1b), which is the traditional weapon of several martial arts, such as 
kung-fu and ju-jitsu, their size being 30 millions times smaller though. We have provided unambiguous and 
clear evidence through experiments and numerical simulations that a water suspension of these synthetic DNA 
nanonunchakus form smectic phases. In addition, computer simulations of a suitable DNA coarse-grained model 
(Fig. 1c) allow us to afford some insight into the physical mechanism underlying the formation of such smectic 
phase [4].  
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Figure 1 DNA nanonunchaku (chain-stick):  
(a) molecular structure (b) real nunchaku (c) 
 coarse-grained model for computer simulations.  


