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1868/69: Entdeckung der Nukleinsäuren 
durch Friedrich Miescher in Tübingen
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Rosalind Franklin (1920-1958)

Die Entschlüsselung der DNA-Struktur





Figure 4-5  Molecular Biology of the Cell (© Garland Science 2008)



"Finally, we would like to point out that this 
method for forming a two-stranded helical 
molecule by simply mixing two substances can be 
used for a variety of studies directed toward an 
understanding of the formation of helical 
molecules utilizing specific interactions."

Alexander Rich, David R. Davies, J. Am. Chem. Soc. 78, 3548 (1956)
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Strukturelle DNA-Nanotechnologie



New motifs in DNA nanotechnology

Figure 3. A DNA molecule with the connectivity of a cube.
This representation of a DNA cube shows that it contains
six different cyclic strands. Each nucleotide is represented
by a single-colored dot for the backbone and a single white
dot representing the base. Note that the helix axes of the
molecule have the connectivity of a cube. However, the
strands are linked to each other twice on every edge.
Therefore, this molecule is a hexacatenane. To get a
feeling for the molecule, follow the front strand around its
cycle: it is linked twice to to each of the four strands that
flank it, and only indirectly to the strand at the rear. Note
that each edge of the cube is a piece of double helical
DNA, containing two turns of the double helix.

species have been constructed relatively easily from DNA,

even though they represent extremely difficult syntheses

using the standard tools of organic and inorganic chemistry.

3. The construction and analysis of DNA

polyhedra

The combination of branched DNA and sticky-ended

ligation results in the ability to form stick figures whose

edges consist of double helical DNA, and whose vertices

are the branch points of the junctions. The flexibility of the

angles that flank the branch points of junctions results in the

need to specify connectivity explicitly. This may be done

either by a set of unique sticky end pairs, one for each edge

[4, 15], or by utilizing a protection–deprotection strategy

[16] so that only a given pair is available for ligation at

a particular moment. The first strategy was used in the

construction of the DNA cube, which was done in solution

[4].

We found that we had too little control over the

synthesis when it was done in solution, so we developed

a solid-support-based methodology [16]. This approach

allows convenient removal of reagents and catalysts from

the growing product. Each ligation cycle creates a

robust intermediate object that is covalently closed and

topologically bonded together. The method permits one

to build a single edge of an object at a time, and to

perform intermolecular ligations under conditions different

from intramolecular ligations. Control derives from the

restriction of hairpin loops forming each side of the

new edge, thus incorporating the technique of successive

deprotection. Intermolecular reactions are done best with

Figure 4. A DNA molecule with the connectivity of a
truncated octahedron. A truncated octahedron contains six
squares and eight hexagons. This is a view down the
fourfold axis of one of the squares. Each edge of the
truncated octahedron contains two double helical turns of
DNA. The molecule contains 14 cyclic strands of DNA.
Each face of the octahedron corresponds to a different
cyclic strand. In this drawing, each nucleotide is shown
with a colored dot corresponding to the backbone, and a
white dot corresponding to the base. This picture shows
the strand corresponding to the square at the center of the
figure and parts of the four strands at the cardinal points of
the figure. In addition to the 36 edges of the truncated
octahedron, each vertex contains a hairpin of DNA
extending from it. These hairpins are all parts of the
strands that correspond to the squares. The molecular
weight of this molecule as about 790 000 Daltons.

asymmetric sticky ends, to generate specificity. Sequences

are chosen in such a way that restriction sites are destroyed

when the edge forms. One of the major advantages of using

the solid support is that the growing objects are isolated

from each other. This permits the use of symmetric sticky

ends, without intermolecular ligation occurring. More

generally, the solid support methodology permits one to

plan a construction as though there were only a single

object to consider. Many of the differences between a

single molecule and a solution containing 1012 molecules

disappear if the molecules are isolated on a solid support.

We utilized the solid-support methodology to construct the

DNA truncated octahedron.

The polyhedra we made were objects that were

topologically specified, rather than geometrically specified;

consequently, our proofs of synthesis were also proofs of

topology. In each case, we incorporated restriction sites in

appropriate edges of the objects, and then broke them down

to target catenanes, whose electrophoretic properties could

be characterized against standards [17]. For example, the

first step of synthesizing the cube resulted in the linear triple

catenane corresponding to the ultimate left–front–right sides

of the target. When the target was achieved, one of the most

robust proofs of synthesis came from the restriction of the

two edges in the starting linear triple catenane, to yield the

linear triple catenane corresponding to the top–back–bottom

of the cube, as shown in figure 6. A similar approach was
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Räumliche Anordnung von Nanoobjekten
A. Kuzyk, R. Schreiber, Z. Fan, G. Pardatscher, E.-M. Roller, A. Högele, F. C. Simmel, A. O. Govorov, T. Liedl, Nature 2012, 483, 311-314.
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DNA covered Au NPs 24 HB (view along axis) staple modifications

24 HB staple map (caDNAno)







Künstliche Membrankanäle aus DNA

Langecker, M., Arnaut, V., Martin, T. G., List, J., Renner, S., Mayer, M., Dietz, H., Simmel, F. C., 
Synthetic Lipid Membrane Channels Formed by Designed DNA Nanostructures, Science 338, 932-936 (2012).













Elektrische Charakterisierung
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(Martin Langecker, Vera Arnaut, Jonathan List - in collaboration with Thomas Martin & Hendrik Dietz)
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Franco, Friedrichs, Kim, Jungmann, Murray, Winfree, Simmel, PNAS 108, E784-E793 (2011)
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