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Specialists in physical chemistry of biological macromolecules, two main research directions of our
research team consist in i) study of electrostatic properties of DNA (such as compaction!] and
coacervation!?)), and ii) applications of DNA as a brick in structural DNA nanotechnology (DNA
origamist®l and nanogels!*?!). This research project combines the two directions by applying the
principles of DNA coacervation in the field of DNA nanotechnology.

2.2.1 WPI: Coacervation of DNA origamis

Being experienced in coacervation of linear DNA, here we wish to investigate the process of
coacervation of complex DNA nanostructures, such as 2D and 3D DNA origamis,!l DNA SST tiles!”!
as well as DNA-protein nanogels!*> (Figure 1A). In the case of origamis and tiles, stability of these
structures in coacervate phase will be investigated. For DNA-protein nanogels we will study if dense
coacervate phase affects catalytic activity of enzymes embedded in the nanogels. We will also
compare coacervation of DNA origamis having different shapes, and eventually use coacervation to
separate origamis by their shape. In DNA nanotechnology, this could have strong impact for
separation of well-formed and poorly formed DNA origamis after their preparation. Finally, stability
and catalytic activity of enzymes in DNA nanogels coacervates will be investigated, as their behavior
is known to improve in highly crowded environment.[®!
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The size of DNA origamis is typically limited to around 100 nm. In order to make extended
structures, different origamis times can be programmed to bind together.[! This approach is efficient,
but needs long time and the yields are usually low because of the low (nanomolar) typical origamis
concentrations. Within the coacervate phase, origamis could be locally concentrated and efficiency of
inter-origami assembly should be strongly improved.

2.2.2 WP2: Isothermal DNA origamis formation in the coacervate phase

Recently we demonstrated thermodynamically controlled isothermal formation of DNA origamis due
to removing divalent ions from the medium.! This showed to cancel kinetic traps, and enabled
formation of flawless DNA origamis at room temperature. I propose to improve the system by using
DNA coacervation to locally concentrate the components necessary for the formation of complex
DNA nanostructures. In the case of DNA origamis, template DNA and all necessary staple strands
will be mixed together, and coacervative agent (non-specific to structure or sequence of DNA) will
be added in order to form coacervate phase (Figure 1B, left). We will then compare the rates of
formation of DNA origamis in the bulk and in the coacervates by Atomic Force Microscopy (AFM).
In the control bulk experiment, origamis will be directly adsorbed on the mica surface, whereas the
coacervates will be disassembles by adding an excess of competitor negatively charged
polyelectrolyte (such as heparin) prior to the adsorption of origamis nanostructures for AFM analysis.
We expect to find higher rates for nanostructure formation in coacervates as compared with the bulk
condition. This approach can enable us to improve the transformation of the origamis as well.
Previously we showed that long incubation (from several weeks to several months) was necessary
after addition of new staple set, for the transformation of origamis rectangles to origamis triangles.[*!
By performing this experiment in the coacervate phase we expect to accelerate this impressive
process (Figure 1B, right). If shape-depended coacervation will be found in the WPI1, one can
imagine a situation where a new shape in transformation experiment will be expelled from the
coacervated, thus making coacervate phase a kind of transformation machine absorbing one shape
and expelling another one.
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Figure 1. Scheme of the project “Coacervation in DNA nanotechnology”. 4) Formation of
coacervation from various DNA nanostructures will be investigated. B) Then coacervates will be
used as microreactors for formation and transformation of DNA origamis.
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