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Abstract:

Nature uses non-covalent interactions to achieve structural dynamic reconfiguration of
biopolymers. Taking advantage of the programmability of DNA/DNA interactions we report
here the rational design of orthogonal DNA-based addressable tiles that self-assemble into
polymer-like structures that can be reconfigured by external inputs. The different tiles share
the same sticky ends responsible for self-assembly but are rationally designed to contain a
specific regulator-binding domain that can be orthogonally targeted by different DNA
regulator strands. We show that by sequentially adding specific inputs it is possible to re-
organize the formed structures to display well-defined distributions: homopolymers, random
and block structures. The versatility of the systems presented in this study shows the ease
with which DNA-based addressable monomers can be designed to create reconfigurable
micron-scale DNA structures offering a new approach to the growing field of
supramolecular polymers.



Introduction

Nature employs both covalent and non-covalent interactions to achieve control over
the formation and function of different biopolymers with extraordinary efficiency.[' While
covalent interactions provide a means to achieve stable and durable materials, non-
covalent interactions are crucial to allow structural dynamic reconfiguration, environmental
adaptation and reversibility.[?-! Inspired by these sophisticated mechanisms, novel man-
made materials have been recently described that increasingly make use of non-covalent
interactions for the reversible and controllable modulation of their properties.l”-1"1 In this
context, a strong current interest in the field of supramolecular chemistry regards the
rational design of building blocks that can self-assemble into supramolecular polymers
through dynamic non-covalent interactions.['>171 A wide range of non-covalent interactions
including hydrogen bonds,['819 hydrophobic,i? stacking interactions?!??l and metal-ligand
coordination,?®l has been employed for this purpose. Similarly to what occurs in natural
systems, the reversible non-covalent nature of these interactions leads to supramolecular
polymers that can respond to environmental, chemical and biological stimuli.l?4-31 It also
allows the reconfiguration of the polymer structure by changing the order in which the
monomer units self-assemble.3? Although several examples have appeared in the
literature in which different addressable monomers have been used to reconfigure
supramolecular polymers using different inputs,[32-3 the challenge remains to rationally
design the monomers in such a way to permit a predictable and versatile reconfiguration of
the polymer with a high degree of control.

Synthetic nucleic acid strands (DNA and RNA) have emerged as ideal components
for self-assembly processes. The high programmability and the possibility to predict in a
straightforward way the thermodynamics of the involved non-covalent hydrogen bond base
pairings, together with the low cost of synthesis, has allowed the self-assembly of
unprecedented precise 2D and 3D structures, hydrogels, nanodevices and polymers from

rationally designed synthetic DNA oligonucleotides.%4% Recently, the possibility to



reconfigure these structures has also been demonstrated enabling dynamic DNA structures
with potential adaptive behaviour.[46-51]

Motivated by the above arguments and taking advantage of the addressability of
DNA we show here that synthetic nucleic acids are particularly suited for designing self-
assembling dynamic polymer-like structures that can be easily reconfigured and
reorganized by external inputs. To do this we have rationally designed monomer units that
can be orthogonally addressed by different DNA regulator strands and can be used to
structurally reorganize the polymers between homopolymers, random co-polymers and
two-tile and three-tile block co-polymers (Fig. 1d). The versatility of the systems presented
in this study shows the ease at with DNA-based supramolecular polymers can be controlled

using external triggers.



Results and Discussion
Rational design of orthogonally addressable DNA tiles

To demonstrate rational reconfiguration of DNA-based polymers we employed a
design originally reported by Winfree, Rothemund and Franco in which DNA tiles, formed
through the interaction of five different DNA strands, self-assemble at room temperature
into hollow tubular polymeric structures with 6-8 tiles each circumference and an average
diameter of 13.5 nm.[52-%4 The structures form through the non-covalent interactions
between four sticky ends (each of 5 nucleotides) and can reach a length in the order of a
few micrometres (Fig.1a).?531 The group of Elisa Franco showed that the capacity of these
tiles to self-assemble can be controlled by the addition of regulator strands (Fig. 1b).[545%
For example, the addition of an inhibitor DNA strand (originally named invader)®*5% able to
bind one of the four sticky ends of the tile allows to completely inactivate it so that self-
assembly capacity is inhibited.[®*5% Such invader strand can also lead to the disassembly
of an already formed polymeric structure (Fig. 1b, $1).245% On the other hand, tiles can be
re-activated for self-assembly by an activator DNA strand (originally named anti-invader)
that, through a toehold strand displacement reaction, displaces the invader from the
inactive tile (Fig.1b, S2-S3).[54.51

Thanks to the high specificity and predictability of DNA-DNA interactions, it is
possible to design in a rational way the DNA tiles so that they can be orthogonally
addressed by different regulator strands. To do so, we have rationally designed three
different DNA tiles sharing the same 5 oligonucleotides and the same sticky ends
responsible for self-assembly but differing in the sequence responsible for the binding of
the regulator strand (Fig. 1c). Each of the three DNA tiles is also labelled with a different
fluorophore (i.e. Quasar570, Red, R; Quasar670, Green, G; Atto488, Blue, B) so that their
presence in the self-assembled structures can be easily discriminated using a confocal
microscopy (Fig. 1c). We demonstrate here that such orthogonally addressable tiles

respond to different regulators and can be used to dynamically and reversibly reconfigure



the formed structures into polymers with predefined tile distribution: homopolymers, random

co-polymers and block co-polymers (Fig. 1d).
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Figure 1. Orthogonally addressable DNA tiles for reorganization of DNA-based polymers.
(a) Re-engineered DNA tiles assembled through the interaction of five different strands
containing four sticky ends (a, b, a’, b’) each of 5 nucleotides and a regulator binding
domain (see Supporting Information for more details on the sequences).[52545% The tiles
are able to self-assemble at room temperature into hollow tubular polymeric structures. We
used a LEGO-like model of the DNA tile for better clarity where the two knobs and two
holes of each brick represent the four sticky ends of the DNA tile. (b) The tiles can be
inactivated by an inhibitor DNA strand (invader) that binds the regulator-binding domain
and blocks one of the sticky ends inducing the rapid disassembly of the tubular
structures.[545% A specific activator strand (anti-invader) displaces the inhibitor through a
toehold strand displacement reaction (Fig. S2) and thus re-activates the tiles resulting in
the re-assembly of the structure.[545% (c) Three different DNA tiles, sharing the same sticky
ends responsible for self-assembly, but differing in the sequence of the regulator-binding
domain, can be orthogonally addressed by different DNA regulator strands. Each tile is also
labelled with a different fluorophore (i.e. Quasar570, Red, R; Quasar670, Green, G;
Atto488, Blue, B). (d) Examples of possible polymeric structures that can be reconfigured
by the addressable tiles/regulators.



DNA polymers reorganization using two addressable tiles

To first demonstrate reorganization of polymer-like DNA structures with orthogonally
addressable DNA tiles we have initially employed a set of two of the above described tiles
(red, R and green, G). By allowing each tile to self-assemble at room temperature in two
separate solutions it is possible to observe, as expected, the formation of micron-scale red
and green homopolymers (Fig. S4). Mixing these two solutions gives well separated
structures of similar average length (<L>Rred= 3.5 £ 0.3, ym; <L>Green = 3.0 = 0.3, ym) and
number (SN>red = 29 + 3 x 103 count/mm?; <N>Green = 44 + 4 x 103 count/mm?). The first
reconfiguration starts with the addition of the two inhibitor regulators (red and green
inhibitor) specific for both tiles (0.7 uM), which leads to the complete disassembly of both
structures (Fig. 2a,b). The successive addition of the two activators (red and green
activator) (3 uM) induces their concomitant re-activation. Because they both share the
same sticky ends, the resulting polymeric DNA structure displays a random distribution of
the two different tiles along the structure evidenced by the superimpositions of the green
and red channel (Fig. 2b, final column). The values of the average length and count of the
structures obtained from the merged channels (merged, R/G) are within the standard
deviation of the values obtained from each separate channel. This supports the random
distribution of the two different tiles in the structures (Fig. 2c). To obtain a more quantitative
measure of the co-localization we have also calculated the Pearson’s coefficient (PC) that
estimates the strength of the linear relationship between the fluorescence intensity values
of the red and green images.[*¢:5"1PC values around 1 would represent high co-localization
of the two fluorophores while complete non-co-localization would result in PC values
around 0. As expected, analysis of the two separate homopolymers yields a PC value of
0.09 = 0.01 in support of a very limited colocalization of the two tiles. The random polymers
obtained by the sequential addition of the inhibitor and activator strands give, on the
contrary, a much higher PC value (0.75 + 0.01) indicating that scrambling of the two tiles

has occurred.
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Figure 2. Reorganization from a red and green homopolymers to a random co-polymer. (a)
Reorganization of two homopolymers (red, R and green, G) into a statistical random
structure can be induced by sequential addition of inhibitors (invader) and activators (anti-
invaders) specific for the two addressable tiles. (b) Fluorescence confocal images showing
the complete disassembly of both structures upon the addition of the two inhibitor (R,G)
requlators and the re-assembly into a random structure after the addition of the two
activators (R,G). (c) Bar plots of the average length ((1m) and count (number of
structures/mm?) of the formed DNA structures measured from the corresponding
fluorescence microscopy images. R/G bars represent the values obtained by analyzing the
structures where co-localization of the red and green tiles occurs. Confocal images were
performed in 1 x TAE, 12.56 mM MgClI; at pH 8.0, 25 °C in the presence of an equimolar
concentration (0.25 uM) of the red and green tiles. The two inhibitors (0.7 uM) and the two
activators (3 uM) were added as indicated in panel a. The error bars indicate the standard
deviation of the mean of polymer length and of the count calculated over triplicate
experiments. Scale bars, 2.5 um.



The reversibility of the reconfiguration of the two addressable DNA tiles can be
further demonstrated using more complex reaction schemes. For example, we have mixed
in the same solution the red active DNA tiles together with inactive green tiles thus
achieving the self-assembly of the red homopolymer coexisting in the same solution with
inactive green tiles (Fig. 3a,b). By adding the red inhibitor we can disassemble the red
homopolymer leading to a situation where both tiles are inactive (Fig. 3a,b). Subsequent
addition of both activators (red and green activators) leads to random hetero co-polymers
with high co-localization (PC= 0.74 + 0.01) (Fig. 3a,b). This random structure can then be
reorganized to yield the other homopolymer (i.e. green) by the addition of the red inhibitor
(Fig. 3a,b). It is noted that the inactivation of one of the two tiles leads to the complete
disassembly of the whole random structure after just 1 minute. This is likely caused by the
fact that the two different tiles are randomly distributed in the tubular structure.

The disassembled green tiles that remain in solution are still in an active
conformation and spontaneously re-assemble into the green homopolymer coexisting with
the red inactive tiles (Fig. 3a,b). In this case we thus demonstrate reconfiguration from one
homopolymer (red) to the other (green) through the sequential addition of different

orthogonal regulators passing through an intermediate random co-polymer (Fig. 3a-c).



a) Inhibitor (R) Activators (R,G) Inhibitor (R)
Inactive (R) : Inactive (R) Inactive (R)
' \,,. ’ f\... 'k..
Inactive (G) I.nacwe © g s ’
> o o -
Homo (R) Random (R/G) Homo (G)
"""""""" Inhibitor (R)  Activators (R,G) Inhibitor (R)
s
b) =
by Lol : e .
' | :
( Ra ; i i
5 a =
G : ; :
! : i
c) """ Length Count  Length Count Length  Count
| 60 ; 44 . 60 2 44 60 ;
03 S3 LA hgleos 53 403
3 A2 g Az -]
I 203 V. ( 203 V] 20 3
- —= = u D : . . — IS 0 u —r— r— r— ﬂ
CeEo Lo T Lo Oe¢Eoe Lo
FURE 'S TR T TR 4T

Figure 3. Reorganization from a red homopolymer to a green homopolymer through
random co-polymers. (a) Order of sequential addition of the different orthogonal regulators
to achieve the described structural reorganization. (b) Fluorescence confocal images
showing the disassembly of the red (R) homopolymer upon the addition of the red inhibitor
(R), the formation of the R/G random co-polymer obtained after the addition of the red and
green activators (R,G) and the self-assembly of the green (G) homopolymer following
addition of the red inhibitor (R). (c) Bar plots of the average length and count of the formed
DNA structures measured from fluorescence microscopy images taken after each step at
the indicated interval. R/G bars represent the values obtained by analyzing the structures
where co-localization of the red and green tiles occurs. Confocal images were obtained in
1 x TAE, 12.5 mM MgClI: at pH 8.0, 25 °C in the presence of an equimolar concentration
(0.25 uM) of red and green tiles. The red inhibitor (0.7 uM), the two activators (3 uM) and
the red inhibitor (2.5 uM) were added as indicated in panel a. The error bars indicate the
standard deviation of the mean of polymer length and of the count calculated over triplicate
experiments. Scale bars, 2.5 um.



Alternatively, by sequentially adding the red inhibitor, the two activators (red and
green) and the green inhibitor, we achieved reconfiguration from one homopolymer (red) to
the same homopolymer (red) passing through a complete disassembly and assembly of the
random co-polymer (Fig. S5).

To further explore different non-covalent synthesis strategies, we mixed in the same
solution the two active DNA tiles (red and green) to obtain, as expected, a random R/G
structure with, once again, a high-colocalization of the two different tiles (PC= 0.75 £ 0.01)
(Fig. S6a,b) and with similar values of the average length and structure count (Fig. S6c).
Also in this case, the addition of only one inhibitor (red) causes the rapid and complete
disassembly of the structure and the spontaneous reassembly of the active green tiles over
time into a homopolymeric structure (Fig. S6a,b). At this stage, the addition of the green
inhibitor and the successive addition of the green and red activator strands leads first to the
disassembly of the green homopolymer followed by self-assembly into the original random
co-polymer with excellent co-localization (Fig. S6a-c). A similar reorganization of the R/G
random co-polymer passing through the red homopolymer as intermediate can also be
obtained by inverting the order of the two inhibitors used (Fig. S7).

We then wanted to explore whether it was possible to exploit this strategy for the
assembly of co-polymers with a non-random distribution. In a next experiment we
demonstrate that it is indeed possible to reconfigure a R/G DNA random co-polymer into a
two-tile block co-polymer in which the two different tiles are distributed in an ordered
fashion in the tubular structure (Fig. 4). Starting from the random R/G polymer, we have
initially added the red inhibitor strand to disassemble the polymer (image taken after 1 min)
and permit the formation of the green homopolymer (Fig. 4a-c). The red activator was then
added inducing the self-assembly of the red tiles at the two ends of the green homopolymer
leading to well ordered R/G or G/R/G block co-polymers (Fig. 4a,b). To further characterize
the level of organization in this system, we have calculated the pixel intensity over the

length of the initial random polymer and the final two-tile block co-polymer (Fig. 4d,e). The
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random polymer shows pixel intensity values in the red and green channel that are
indistinguishable from each other over the entire length of the structure. The normalized
average pixel intensity (%) values calculated along the line-profile of the structure are, as
expected, consistent with a statistical distribution of the two tiles on the polymer (Fig. 4d).
Conversely, the block co-polymer shows well separated regions in which the structure is
predominantly composed of only one tile (Fig. 4e), although we note that, probably due to
an incomplete inactivation of the red tiles, a portion of the green segment contains also a
small fraction of red tiles. It should be also stressed that, as shown in Fig. 4e, block
portions can grow at both ends of the already formed homopolymer due to the fact that tiles

have available sticky ends at both ends.
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Figure 4. Reorganization from a random co-polymer to a two-tile block co-polymer. (a)
Order of sequential addition of different orthogonal regulators to achieve the described
structural reorganization. (b) Fluorescence confocal images showing the disassembly of the
R/G random co-polymer and spontaneous re-assembly into the green homopolymer upon
the addition of the red inhibitor (R) (center) and the successive self-assembly of the block
co-polymer upon the addition of the red activator (R). (c) Bar plots of the average length
and count of the formed DNA structures measured from fluorescence microscopy images
taken after each step at the indicated interval. R/G bars represent the values obtained by
analyzing the structures where co-localization of the red and green tiles occurs. (d)
Average normalized pixel intensity values (%) of the green and red channels calculated
over 0.5 [Im segments along the line-profile of a R/G random polymer (circled in the upper
image). (e) Average normalized pixel intensity values (%) of the green and red channels
calculated over 0.5 [lm segments along the line-profile of a R/G block co-polymer (circled
in the upper image). For a matter of clarity, the error bars in the average normalized pixel
intensity values (panel d,e) have been depicted for only one point on each channel (red
and green) of the profile and represent the maximum value of standard deviation. Confocal
images were obtained in 1 x TAE, 12.5 mM MgCl at pH 8.0, 25 °C in the presence of an
equimolar concentration (0.25 uM) of red and green tiles. The red inhibitor (2.5 uM) and the
activator (4 uM) were added as indicated in panel a. The error bars indicate the standard
deviation of the mean of polymer length calculated over triplicate experiments. Scale bars
in panel b, 2.5 um.
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DNA polymers reorganization using three addressable tiles

The high specificity of DNA-DNA interactions allows the design of additional DNA
tiles that can be orthogonally addressed with different regulator strands. To demonstrate
this, we have simultaneously activated in the same solution three orthogonal DNA tiles
(red, green, blue) and have initially demonstrated that they can self-assemble into a
random DNA polymer with a statistical distribution of tiles. (Fig. 5). By adding the red
inhibitor, we can rapidly disassemble these polymers (image taken after 1 min) and
observe re-assembly of a random polymer formed by the two remaining active tiles (green,
blue) (Fig. 5). Further addition of the inhibitor specific for the blue tile induces the
disassembly of this random G/B polymer and the subsequent reassembly of the green
homopolymer (Fig. 5). In this case we thus achieve reconfiguration from a random polymer
made of three tiles (R/G/B) to one random polymer made of two tiles (G/B) and finally to a
single homopolymer (G) by the sequential deactivation of specific tiles (sequentially R and
B). Of note, also in this case the reconfiguration is achieved passing through a complete
disassembly of the polymer after each regulator addition. The rapid and near complete
disassembly observed upon addition of the red and blue inhibitors can be taken, again, as
an additional evidence for the statistical distribution of the original random DNA polymers.

The high level of control emerged also from an additional experiment that started
with the separate assembly of the three homopolymers (Fig. S8). By sequentially adding
the inhibitor and activator strands for the three different tiles it is possible to reorganize
them into a random co-polymer in which the three tiles are statistically distributed (Fig. S8).
The further addition of the green and blue inhibitors induces the disassembly of the random
structure leaving just the red tile activated for self-assembly in the red homopolymer in

coexistence with the green and blue inactive tiles (Fig. S8).
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Figure 5. Reorganization from a R/G/B random co-polymer to a G/B random co-polymer
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regulators to achieve the described structural reorganization. (b) Fluorescence confocal

images showing the disassembly of the R/G/B co-polymer and spontaneous re-assembly
into a random G/B co-polymer upon the addition of the red inhibitor (R) (center) and the

successive disassembly and re-assembly into the green homopolymer after the addition of
the blue inhibitor (B). (c) Bar plots of the average length and count of the formed DNA

structures measured from fluorescence microscopy images taken after each step at the
indicated interval. R/G/B bars represent the values obtained by analyzing the structures

where co-localization of the red, green and blue tiles occurs. Confocal images were

obtained in 1 x TAE, 12.5 mM MgCl2 at pH 8.0, 25 °C in the presence of an equimolar
concentration (0.15 uM) of the red, green and blue tiles. The red inhibitor (2.5 uM) and the
blue inhibitor (3 uM) were added as indicated in panel a. The error bars indicate the
standard deviation of the mean of polymer length and of the count calculated over triplicate

experiments. Scale bars, 2.5 um.
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In a final experiment we demonstrate that it is possible to reconfigure a R/G/B
random co-polymer into a three-tile block co-polymer in which the three different tiles are
orderly distributed in segments (Fig. 6). To achieve this we have initially mixed the three
inactive tiles in the same solution and sequentially added the activator strand for each tile
(Fig. 6a). The first activator (blue) leads to the self-assembly of the blue homopolymer
coexisting in solution with the inactive green and red tiles (Fig. 6a-c). Upon addition of the
green activator, the green tiles start to self-assemble at the two ends of the blue
homopolymer leading to a well-ordered block G/B co-polymer. Confocal imaging shows that
the green and blue tiles are localized in well separated regions (Fig. 6a-c). The subsequent
addition of the red activator induces the addition of a new block onto the previously formed
co-polymer leading to a three-tile block R/G/B co-polymer (Fig. 6a-c). Once again, the pixel
analysis reveals an ordered distribution of the three different tiles along the length of the
polymer (Fig. 6d,e). We note here that we would expect block regions to homogenously
form at both ends of the already formed homopolymer or B/G block polymer. However, as
shown in Fig. 6e, this is not always the case. For example, we found the majority of BG
block polymers with only one green segments instead of the two we would expect at both
ends of the blue segment. This could be due to either a preference of the tiles to grow on
one side of the already formed tubular structure or to a limiting effect of the concentration of

the activated tiles.

15



Activatar {B) Activator {(3) Activator {R) i
Inactive

Inactl\-’e (R} Inactwc (R)
‘ Inactwc IR ‘ !
' :
’ !

Hemo (B) Block [GfB) Block (RIG/B)

d

a)
Inact e (5

o
-y
>

'

")

Inactn.lc (B]

\4

)

Activator (B)  Activator {G)  Activator (R) D 3
- = L :

=
'
z
'8 !
'8
' E 5 i ]
Vg Lo oA
. I b- c) S L2 2.
' H ‘ ' Z 1 2 3
plommel gleme gL o MEEH Length {um)
QEOP Q0O QT0Y QoY
R RS & &

Figure 6. Reorganization from a homopolymer to a three-tile block co-polymer. (a) Order of
sequential addition of the different orthogonal regulators to achieve the described structural
reorganization. (b) Fluorescence confocal images showing the self-assembly into a blue
homopolymer upon the addition of the blue activator (B) and the successive self-assembly
of a G/B block co-polymer upon the addition of the green activator (G). Last column shows
the formation of three-tile R/G/B iblock co-polymers upon addition of the red activator (R).
(c) Bar plots of the average length and count of the formed DNA structures measured from
fluorescence microscopy images taken after each step at the indicated interval. R/G/B bars
represent the values obtained by analyzing the structures where co-localization of the red,
green and blue tiles occurs. (d) Average normalized pixel intensity values (%) of the green
and blue channels calculated over 0.2 [Im segments along the line-profile of a G/B block
co-polymer (circled in the upper image). For a matter of clarity, the error bars in the
average normalized pixel intensity values (panel d,e) have been depicted for only one point
on each channel (red, green and blue) of the profile and represent the maximum value of
standard deviation. (e) Average normalized pixel intensity values (%) of the green, red and
blue channels calculated over 0.2 [1m segments along the line-profile of a R/G/B block co-
polymer (circled in the upper image). Confocal images were obtained in 1 x TAE, 12.5 mM
MgCl: at pH 8.0, 25 °C in the presence of an equimolar concentration (0.15 uM) of red,
green and blue tiles inactivated with the three inhibitors (each at 0.6 uM). The blue, green
and red activators were added as indicated in panel a at a concentration of 1.2 uM each.
The error bars indicate the standard deviation of the mean of polymer length calculated
over triplicate experiments. Scale bars, 2.5 um.
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Conclusions

Here we have reported a strategy to rationally control the reorganization of DNA-
based polymers using orthogonally addressable DNA-tiles. We have employed here DX-tile
assembly/disassembly strategy originally reported by Franco and coworkers®*>% and we
demonstrated the possibility to control in a versatile and programmable way how different
tiles can self-assemble into polymeric structures with controlled distribution. The different
tiles share the same 5-nt sticky ends responsible for self-assembly but are rationally
designed to contain a specific regulator binding domain that does not show any cross-
reactivity with the other tiles. The possibility to address (activate or inhibit) the tiles in a
selective way makes it straightforward to organize them into supramolecular structures with
different distributions: homopolymers, made of a single tile, random polymers in which
different tiles are distributed randomly and block structures where the tiles are organized in
specific portions of the polymers.

The main advantage that our strategy offers is the possibility to reconfigure DNA-
based polymeric structures in a controlled and reversible manner. Although amazing
examples of reorganization and redistribution of man-made polymers and structural motifs
have been recently demonstrated exploiting the kinetic and thermodynamic pathway
complexity of molecular self-assembly,32 our approach defines a highly controllable and
orthogonal strategy to reconfigure biopolymers using external orthogonal controllers. More
precisely our strategy allows to achieve random or block co-polymers starting from
homopolymeric structures, but also to dynamically reconfigure the structures from random
to block co-polymers. This approach can also be adapted to other DNA-based polymers
that could allow a better control of chain length. For example, programmable chain-growth
DNA polymerization leading to different DNA nanopatterns was recently demonstrated
using different DNA monomers. [58]

The reliability of DNA-based assembly and the predictability of the involved

interactions makes the approach extremely versatile and allow to control the reorganization
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of the DNA structures in a way that would be difficult to achieve with other synthetic
approaches. We also note that, while in this work we have limited ourselves to the design
of three different sets of tiles and regulators, there are in principle no specific design
constraints that would prevent an increase in the number of orthogonal sets that can be
used in the same solution. Moreover, synthetic DNA can also be employed as a versatile
molecular scaffold that can be conjugated with different recognition elements (i.e.
aptamers, antigens, small molecules, etc.) and with different functional biomolecules (i.e.
enzymes, antibodies, etc).l’%-61 This offers the possibility to design a wide range of
decorated tiles that can respond to different inputs (for example, diagnostic markers
potentially in complex samples) and exploit our strategy to reorganize the tiles into
multicomponent synthetic micron-scale DNA structures with control over the distribution

and, thus, function of specific biomolecules.
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