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Figure 1: Jungmann et al. Super-resolution microscopy with DNA-PAINT, Nature Protocols 2017 

 
Description 
In this one-day lab course you will combine DNA nanotechnology e.g. DNA origami with 
super-resolution microscopy. It starts with designing DNA origami structures for a 
DNA-PAINT experiment using our lab software 'Picasso'. Afterwards, the DNA origami 
structures are synthesized and imaged with a custom TIRF microscope. The course 
constitutes an intensive training in a number of DNA nanotechnology and single 
molecule fluorescence techniques including DNA origami folding, gel electrophoresis, 
slide preparation, super-resolution imaging, and image analysis and post-processing. 
 
Preparation 
In advance of the course the lab manual should be read carefully. Particular steps during 
the course will be supervised, nevertheless it is assumed that participants are familiar 
with the basic of super-resolution microscopy and DNA origami. More details at the end 
of the manual.  
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DNA: From Genetic Material to Artificial DNA 
Nanostructures 
 
Deoxyribonucleic acid (DNA) has long been studied due to its biological relevance and 
function. DNA is widely known as the molecule, which carries genetic information in 
living organisms. Genetic information can be seen as the blueprint of cellular 
components like proteins etc.. Early research, where DNA could be isolated for the first 
time was done in 1869 by the young Swiss doctor Friedrich Mischer [Dah08]. In 1919, 
Phoebus Levene was able to identify the main components of DNA, sugar deoxyribose, 
phosphate groups and four nucleobases: adenine, guanine, thymine and cytosine 
[Lev19], shown in figure 2b. Until the year 1953 the question about the structural 
composition of DNA was still up for debate. Using an X-ray diffraction image of DNA 
taken by Rosalind Franklin and Raymond Gosling in May 1952 [FG53] James Watson and 
Francis Crick proposed the first correct double helix model of DNA [WC53] shown in 
figure 2a. 
 

 
Figure 2: (a) Double-stranded DNA: A normal DNA molecule consists of two individual strands. Each strand is a chain 
made up from repeating units called nucleotides, which are linked covalently to each other. Every nucleotide consists of 
a base (adenine (A), thymine (T), guanine (G) or cytosine (C)) and a sugar-phosphate backbone. The single strands 
hybridize together at the nucleobase site. Every strand has a characterizing direction from 5' to the 3' end. DNA double 
helix: Two single strands form a double helix. One full turn is reached after 10,5 base pairs (bp). (b) According to the 
Watson-Crick base pairing nucleobases are linked together via hydrogen bonds. Base A and T form two hydrogen bonds, 
whereas C and G form three hydrogen bonds.) [AJL+07] 

 
A DNA double helix is a polymer made up from two antiparallel strands of repeating 
units called nucleotides. One nucleotide consists of one out of four nucleobases 
(adenine, guanine, thymine and cytosine) and the backbone section, which is formed 
from the phosphate group and the sugar deoxyribose. Nucleotide monomers of a strand 
are linked together covalently by phosphodiester bonds connecting the 3'-hydroxyl (-
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OH) group of one sugar and the 5'-hydroxyl group of the subsequent sugar group. Due 
to these 3'-5' bonds, the strand carries an intrinsic chemical polarity or direction. 
The two individual strands are connected, i.e. hybridized, through the nucleobases, 
which form hydrogen bonds. Successful base pairing of individual nucleotides can only 
occur between adenine (A) and thymine (T) with the formation of two hydrogen bonds 
and guanine (G) and cytosine (C) via three hydrogen bonds, shown in figure 2b. This is 
called Watson-Crick base pairing rule. 
 
 
In the past 35 years DNA, aside from its genetic importance, is also used as a building 
material in nanotechnologies. The field of DNA nanotechnology was initiated in 1982 by 
Nadrian Seemans idea to use the base pairing rule as a tool to engineer DNA 
nanostructures [See82]. In 2006 another important innovation in the DNA 
nanotechnology field was published by Paul Rothemund [Rot06]. In contrast to Seemans 
idea to use short oligonucleotides to build up DNA nanostructures, Rothemund 
proposed the usage of long (7kbp) viral single-stranded DNA (genome of M13mp18 
bacteria phage) as a scaffold. As the base sequence of this long DNA strand is known, 
short oligonucleotides called staples can be designed to fold the scaffold and built up 
the DNA nanostructure, illustrated in figure 3. Using this bottom up approach named 
DNA origami, Rothemund presented two-dimensional DNA nanostructures, shown in 
figure 4. 

 
Figure 3: DNA origami design principle: The long scaffold strand is shown in dark grey. It is brought into the desired 
shape using short oligonucleotides, called staples, which are coloured in the illustration. Hence the scaffold base 
sequence is known, staple strands can be designed so that they form crossovers and bring together different parts of 
the scaffold. This leads to a specific routing of the scaffold strand, which is kept in place using the staple strands. This 
forms the DNA nanostructure. [Rot06] 
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Figure 4: Six different 2D DNA origami: First row illustrates the scaffold pathway along the DNA origami. Figures in 
the second row show the bend of helices at crossovers. The colour indicates the base pair index along the scaffold, from 
the 1st base pair in red to the last in purple. The two bottom rows are AFM (Atomic Force Microscope) images of the 
2D DNA origamis. Scale bars for AFM images: b, 1 mm; c–f, 100 nm. [Rot06] 

Since DNA origami was proposed, a lot of progress in the design of DNA 
nanostructures has been made. From the initial two-dimensions structures (see figure 
4), DNA origami design was extended also into the third dimension (see figure 5), 
which led to the possibility of engineering arbitrary three-dimensional DNA 
nanostructures. 
 

 
Figure 5: 3D DNA origami folding designs: (a) Folding schematic for honeycomb arranged DNA origami lattice: The 
assembly process can be seen as folding of two dimensional structures on top of each other. (b) 3D DNA origami 
structures based on the honeycomb lattice. Design and TEM (Transmission Electron Microscope) images. Scale bar 20 
nm. (c) Folding schematic for square lattice DNA origami. (d) 3- and 6-layer DNA-origami cuboid designs and TEM 
imaging (scale bar 20 nm). [KLOC16] 
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Optical Microscopy 
 
Fluorescence 
 
Shiny white spots of a freshly washed dark T-shirt under blacklight, for example in a 
nightclub, is a well observed phenomenon. It is often not known that this is caused by 
the fluorescence of residual of laundry detergent, which gets excited from the UV light. 
Besides giving a plain T-shirt a special effect, fluorescence plays an important role in 
biological research. The most attractive feature of fluorescence microscopy and many 
modern imaging and analytical techniques, is the ability to image and quantitatively 
study not only the structure but also the function of intact cells in situ and in vivo. 
 
Fluorescence belongs to the subgroup of luminescence effects called 
photoluminescence. It describes the molecular process of the absorption of energy and 
subsequent emission. A typical fluorescence process starts with the absorption of a 
photon by a molecule, which consists of a number of atomic nuclei and an electron 
cloud, where the electrons have different spatial probabilities of presence called orbitals. 
Because the nuclei are far heavier than the electrons, they can be regarded as stationary. 
When the photon gets absorbed by the molecule, one electron is being displaced from 
one orbital into an unoccupied orbital. This happens almost instantaneously, on the 
order of femtoseconds. The displacement of the electron causes a change in the charge 
distribution around the nucleus and brings the molecule out of the equilibrium state 
into an excited state.  Due to the net force resulting from the unbalanced charge 
distribution the molecule starts to oscillate, i.e. vibrate.  
After internal conversion, thus rearrangement of the charge distribution the molecule 
settles in a new excited equilibrium state, which is the lowest excited electronic state. 
For a few nanoseconds the molecule rests in this lowest excited state, before relaxing 
back into the ground state via the emission of a photon. Compared to the absorbed 
photon, the emitted photon is red-shifted, hence has a lower energy, because the 
vibrational relaxation also consumed energy. The difference in energy is called the 
Stokes-Shift. This whole process of radiation is illustrated in the Jablonksi diagram, in 
figure 6. Fluorescence molecules can undergo this radiation process a few thousand 
times, before they suffer a structural change, resulting in the loss of fluorescence. This 
is called photobleaching. 



5 
 

 
Figure 6: Jablonski Diagram: Diagram of the total energy of a molecule, given by the electronic state of a molecule. 
The groups of levels dedicate the electronic states and the thin lines describe the multiple vibrational levels. Transitions 
between different energy levels are highlighted with arrows. During fluorescence, the molecule is excited due to the 
absorption of a photon from the ground state S0 into the first excited state S1, illustrated by the blue arrow. After internal 
conversion, meaning relaxation into the lowest excited state, the molecule relaxes into its ground state S0 via the 
emission of a photon, indicated by the green arrow. Internal conversion happens in the time scale of picoseconds. The 
time from excitation to the relaxation into the ground state is in the order of nanoseconds. [Kub13] 

 
Regarding the fact that the transition between ground state and excited state can happen 
not only at specific energy lines but rather at a range of energies, the photo-physical 
properties of a fluorescent molecule are described by an excitation-emission spectrum. A 
typical spectrum is shown in figure 7. 
 

 
Figure 7: Fluorescence Spectrum of Atto 647N: The excitation and emission spectrum of the fluorescent dye Atto 
647N from Atto-Tec GmbH. Excitation maximum at a wavelength of 646nm and the emission maximum at 664nm. 
[AT16b] 



6 
 

Bypassing the Diffraction Limit 
 
For a long period of time optical microscopy was restricted by an alleged physical 
limitation. Ernst Abbe postulated 1873 that spatial resolution of optical microscopes is 
limited by the physical nature of light, the diffraction of light [Abb73]. 1903 Lord 
Rayleigh expressed the phenomenological observation of Abbe into mathematical 
equations [Ray03]. A fairly good approximation of achievable resolution is half the 
wavelength of the observed light. Using violet visible radiation with a wavelength of 
400nm for example, it is not possible to distinguish two violet light emitting point 
sources, when they are placed closer together than 200nm. 
Eric Betzig, Stefan Hell and William E. Moerner received the Nobel Price in Chemistry 
2014 for developing methods surpassing the resolution limit. Their achievements in 
optical microscopy opened a new window into the nanoworld. With their powerful new 
tools they pushed the boundaries in biological research. 
 

 
Figure 8: Length scales in biology: From macroscopic animals like ants in the order of millimetres, into the 
nanoscopic world through the Abbe diffraction limit at around 200nm down to small molecules like fluorescent dyes in 
the order of nanometres. [JJ14] 

A look at the length scales in biological research (see figure 8) indicates that the vast 
majority of molecular processes in living organisms are hidden from observation using 
conventional light microscopy because of the diffraction (or Abbe) limit.  
 
Ernst Abbe postulated in his work 1873 that due to the diffraction limit it is not possible 
to resolve two light points sources with wavelength 𝜆	if they are placed closer together 
as the distance 𝑑, given by the formula [Abb73]: 
 

𝑑 = 	
𝜆

2	 ∙ 𝑁𝐴 

 
𝑁𝐴 is the numerical aperture of the optical device. 
Simple spoken, the diffraction limit can be seen as a result of the imperfectness of optical 
components like the objective of the microscope. Like an old radio, which is not capable 
of reproducing all acoustic frequencies of the music, the objective has a limited spectrum 
of optical frequencies, which can be captured and transmitted through the tube lens on 
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to the camera. This is designated as the optical transfer function 𝑂𝑇𝐹, or transfer 
function [CFG14]. The imaging process using an objective of an arbitrary object 𝐴(𝑥, 𝑦) 
can be formulated mathematically as:  

𝐹1 𝐴 = 𝐹 𝐴 ∙ 𝑂𝑇𝐹 

𝐹1 𝐴  is the is the Fourier transformed image at the back focal plane. The complete 
transform of the object 𝐹1 𝐴  is limited to the transmittable frequencies of the objective. 
It acts as a low-pass filter of optical frequencies of the object 𝐴(𝑥, 𝑦), meaning that high 
frequency information is lost during imaging. Mathematically, this is the multiplication 
with the transfer function 𝑂𝑇𝐹 in Fourier space, as given in the formula above. The tube 
lens operates as an inverse Fourier transformation of 𝐹1 𝐴 back into object space. 
According to the Fourier theory, a multiplication in Fourier space, corresponds to a 
convolution in object space. Hence, the whole image process can be formulated as: 	

𝐴1 𝑥, 𝑦 = 𝐴 𝑥, 𝑦 ⊗ 𝑃𝑆𝐹(𝑥, 𝑦) 

𝑃𝑆𝐹(𝑥, 𝑦) is called the point spread function. As the name suggests, it is the 
mathematical description of the imaging process of a point light source. For a lens and 
a point light source at the optical axis of the lens the PSF is given by the Airy function, 
illustrated in figure 1.9. The image of the point emitter gets broadened on the camera 
screen with the distribution of an Airy disc. 
 

 
Figure 9: (a) Left: Three-dimensional plot of a 2D Airy function. Shown in the normalized electronic field distribution 
E(r) in the object plane of a point source as a function of the distance to the optical axis in optical units. (b) Intensity 
distribution I(r), proportional to the square of the absolute values of the electronic field distribution E(r). [Kub13] 
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Betzig and Hell invented techniques to retrieve, strictly speaking approximate the lost 
optical frequencies from the process of imaging or manipulate the process of imaging 
itself.  
Stefan Hell presented 1994 the theory for a new scanning fluorescence microscope called 
STED-microscope (Stimulated Emission Depletion), which uses the principle of 
RESOLFT microscopy [HW94]. RESOLFT denotes REversible Saturable Optical Linear 
Fluorescence Transitions. Using inhomogeneous illumination, fluorescence molecules 
are switched into a dark state, where the emission of photons is prevented. By excluding 
a small spot from the depletion illumination, the achievable resolution can be enhanced 
and the diffraction limit surpassed. During imaging the whole sample is scanned point 
by point. 
A different approach was pursued by Eric Betzig. By revisiting the formula 𝐴1 𝑥, 𝑦 =
𝐴 𝑥, 𝑦 ⊗ 𝑃𝑆𝐹(𝑥, 𝑦) it becomes obvious, that two of the three variables in the formula 
are known for an imaging process using an optical microscope. 𝐴′(𝑥, 𝑦) describes the 
recorded image on the camera, whereas 𝑃𝑆𝐹(𝑥, 𝑦) for a objective is given by the Airy 
function with the constraint that the light source is a single point emitter. This 
assumption is justified, if we are looking at fluorescent dyes or proteins with 
dimensions of single nanometres, compared to the PSF Airy discs with diameters in 
the several hundred nanometre range. 

Betzig et al. published in 2006 a method for fluorescence microscopy called PALM, 
Photo-Activated Localization Microscopy, where they exploit these circumstances 
[BPS06]. Unlike STED-microscopy, the sample is not scanned. In fact, through 
stochastic activation using weak laser pulses, a small subset of photoactivatable 
fluorescent proteins, which are genetically added to the target of interest, are switched 
from the dark state into the bright state. Photons from this subset of fluorophores are 
collected until they photobleach. In an ongoing experiment a time series of images is 
recorded, where different subsets of fluorophores were activated, shown in figure 10. 
 

 
Figure 10: Localization Microscopy movie. A stack of images, where in every frame only a subset of single fluorophores 
are activated. The distance between the activated fluorophores is larger then the diffraction limit. 

 
Using software algorithms every diffraction limited image is analysed in the following 
way that single molecule signals are identified and the position of the molecule 
localized. Therefore, the diffraction broadened spot is de-convolved with a two-
dimensional Gaussian function. Strictly speaking a two-dimensional Airy function, 
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shown in figure 9, needs to be considered, however an Airy disc is well approximated by 
a 2D Gaussian function [Kub13]. The underlying principle of single molecule localization 
microscopy (SMLM) is illustrated in figure 11 
 

 
Figure 11: Principle of single molecule localization microscopy: The target structure is decorated with fluorophores, 
for example with fluorescent proteins. Only a subset of fluorescent probes are activated at different time points, allowing 
fractions of fluorophores to be imaged without spatial overlap and localized with high precision. By recording a whole 
stack of images, where different subsets of probes are activated, a super-resolution image can be constructed from a 
large number of localised probe molecules [HBZ09]. 

 
The precision of the localization described by the standard deviation 𝜎789 of an 
individual fluorophore from the diffraction limited image using the 2D gaussian 
function is proportional to the number of photons 𝑁 and the standard deviation of the 
point spread function 𝜎:;< [TLW02}: 
 

𝜎789~
𝜎:;<
𝑁

 

 
This pushes the achievable spatial resolution from formula of Abbe by a factor of 1/√𝑁 
resulting in: 
 

𝑑	~
𝜆

2 ∙ 𝑁 ∙ 𝑁𝐴
 

 
DNA-PAINT and Exchange-PAINT 
 
Besides the methods PALM and STORM a different approach in localization microscopy 
called DNA-PAINT was published by Jungmann et al. in 2010 [JSS10]. It is based on the 
concept of PAINT, Points Accumulation for Imaging in Nanoscale Topography, where 
in contrast to PALM or STORM imaging is carried out using diffusing fluorescent 
molecules that interact transiently with the sample [SH06]. Key limitation of PAINT is 
achieving specificity of targeting molecules of interest, as the interaction relies on 
molecular effects like electrostatic coupling or hydrophobic interactions, which are 
challenging to control. The idea behind DNA-PAINT is the use of hybridization 
reactions of short single-stranded DNA oligonucleotides functionalized with 
fluorescence dyes, called imagers, to create programmable interactions with high 
specificity in targeting molecular components. The activation and deactivation of 
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fluorophores called blinking is not pursued using photo-physical processes as it is done 
in PALM or STORM. The so called on- and off-states of a fluorescent probe at the target 
is achieved by the repetitive, transient binding of imagers to a single-stranded 
complementary DNA docking strand, see figure 12. Unbound imagers in solution diffuse 
too fast for being localized during the camera exposure times, hence it only increases 
background signal. Once the imager hybridized to the docking site, the fluorophore is 
immobilized on the target and photons are emitted and recorded. Looking at the 
equation above, the more the better. 
 

 
Figure 12: DNA-PAINT principle: Stochastic switching between fluorescence on- and off-states (blinking) is pursued 
using DNA fluorescent probes called imagers. The short single-stranded oligonucleotides labelled with fluorescent 
molecules interact transiently with single-stranded complementary DNA strands at the target, called docking strands. 
This creates artificial fluorescent on- and off-states at the target of interest. (a) Planar DNA nanostructure decorated 
with one DNA-PAINT docking strand in the centre of the structure. As no imagers is hybridized to the docking site, no 
fluorescent signal form the docking site can be observed. (b) An imager is hybridized to the docking site, enabling the 
collection fluorescent signal at target. Depending on the stability of the duplex, the imager detaches after a given time, 
leaving the docking site available for subsequent reactions of different imagers. (c) Typical time trace of the intensity of 
a single docking site. A bound imager produces the fluorescent on-state. The time between the stochastic interactions 
are the artificial the off-state. Kinetic parameters of this repetitive reaction are completely controllable. The bright time 
𝑡BCDEFG	for a given imaging buffer system at a specific temperature, depends on the length of the formed duplex of imager 
and docking strand, whereas the dark time 𝑡HICJ	is given by the concentration of the imager. [JSS10]} 

 
One benefit of using hybridization reactions of DNA to create this artificial blinking is 
that by sequence engineering kinetic parameters of the reactions are completely 
controllable. The on-time, i.e. bright time 𝑡𝑏𝑟𝑖𝑔ℎ𝑡	the period the imager is bound to the 
docking strand is given by the length of the imager sequence, meaning the number of 
complementary bases. The stability of the duplex is described by the dissociation rate 
𝑘𝑜𝑓𝑓	 and inverse proportional to 𝑡𝑏𝑟𝑖𝑔ℎ𝑡	see equations: 
 

𝑡𝑏𝑟𝑖𝑔ℎ𝑡 =
1
𝑘𝑜𝑓𝑓
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Whereas the off-time, dark time 𝑡𝑑𝑎𝑟𝑘	 is controlled by the concentration of imagers 𝑐 in 
solution, for a given salt concentration of the imaging buffer. 𝑘𝑜𝑛	 is called the 
association rate and can be determined experimentally for a given imaging buffer: 
 

𝑡𝑑𝑎𝑟𝑘 =
1

𝑐	 ∙ 𝑘𝑜𝑛
 

 
Another notable advantage of DNA-PAINT is the free choice of fluorophores. 
Fluorescent probes do not need to be genetically added to the sample, moreover photo-
physical or photo-chemical properties for stochastic blinking do not need to be 
considered in the selection of the fluorophores.  
In 2014 Jungmann et al. published an extension called exchange-PAINT, where they 
showed that DNA-PAINT can be used for multiplexed imaging in a sequential fashion 
[JAW14]. The principle of exchange-PAINT is shown in figure 13. Initially different 
targets are labelled with orthogonal docking strands. Beginning with one imager 
sequence, the first target is imaged. As the imagers bind only transiently, after gathering 
enough localizations, the first imager can be removed with washing rounds and the next 
imager with a different sequence introduced. Subsequent washing and imaging rounds 
are carried out until all targets are imaged. In contrast to spectral multiplexing 
exchange-PAINT uses pseudo colors, which are encoded in the nucleotide sequence of 
the imager strand. This enables the usage of the same dye in every imaging round. 
 

 
Figure 13: Exchange-PAINT principle: Multiplexing approach using pseudo colors. The sample is labelled with single-
stranded docking sites, where every target has an unique docking sequence. In sequential imaging rounds with imagers 
complementary to the docking sequences and subsequent washing rounds multiple targets can be imaged. [JAW+14] 
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TIRF Microscopy  
 
The observation of single molecules to study biology in a quantitative fashion is often 
prohibited by the performance of wide-field and conventional laser-scanning 
microscopes, as the fluorescent probes are illuminated in an extensive section of the 
sample. This results in limited resolution capability, especially if molecules are imaged 
outside of the focal plane of the objective. TIRF microscopy provides an attractive 
alternative to wide-field and laser-scanning microscopy for single-molecules studies. 
Here, only a small fraction of the sample above the area of the cover glass is illuminated. 
TIRF abbreviates Total Internal Reflection Fluorescence and utilizes the unique 
phenomenon of evanescent waves, which are created if light is totally reflected at the 
interface between two medias of different refractive index. If a beam, a propagating 
electromagnetic wave strikes a medium boundary, where the refractive index is lower at 
the other side of the boundary at an angle larger than a particular critical angle, the wave 
cannot pass the boundary and gets reflected. This phenomenon is heavily used in long-
distance signal techniques, to transmit information with little attenuation compared to 
electric cables. As a side effect of the total reflection, an evanescent wave with an 
exponentially decaying electromagnetic field at the other side of the interface can be 
observed. The illumination in TIRF is based on the generation of the evanescent wave at 
the interface of the glass slide and the sample solution. Figure 14 illustrated the optical 
path inside the objective. A laser beam is shifted to the border of the objective lens 
parallel to optical axis of the objective. This causes a tilted emission of the laser. If the 
angle is larger than the critical angle, the laser beam is totally reflected and an 
evanescent wave inside the sample created. The evanescent field can be used to excite 
fluorescent molecules close to the surface of the glass slide. 
Besides TIR, figure 14 shows two additional modes to illuminate the sample. In EPI 
(epifluorescence) the laser beam propagates in the centre of the objective along the 
optical axis. The complete beam is transmitted into the sample. 
To overcome the surface restriction of TIRF another approach to illuminate the sample 
is called HILO (Highly Inclined and Laminated Optical sheet) can be used. It uses a 
highly inclined and laminated optical sheet, which is generated by the displacement of 
the incident laser beam near the objective edge, before reaching the critical angle. This 
allows the excitation of the sample in areas, above the TIRF range, while keeping the 
out-of-focus illumination low. 
DNA-PAINT relies on the usage of TIRF and HiLO illumination, since the diffusing 
imagers create background fluorescence, which reduce the signal-to-background ratio, 
thus imaging quality. 
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Figure 14: TIRF, HILO and EPI microscopy:  Fluorescent probes can be excited with the use of a laser in different 
modes. In EPI (epifluorescence) the laser beam is centred along the optical axis of the objective and transmitted into the 
sample. By shifting the beam parallel to the optical axes of the objective to the boarder of the objective lens, the 
illumination ca be changed to HILO. Here, a highly inclined and laminated optical sheet is generated, which can be used 
to illuminated areas of the sample, while keeping background fluorescence of out-of-focus areas low. If the angle of the 
beam reaches the critical angle, the beam is totally reflected at the interface between glass and solution. This causes the 
generation of an evanescent electromagnetic field with an exponentially decaying field above the glass slide. This method 
is called TIRF and can be used to excite only a small volume of the sample, above the surface of the glass slide. TIRF 
provides a great method of illumination for single-molecule methods like DNA-PAINT. [TISS08] 
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Experimental procedure 
 
The lab course constitutes of the practical illustration of the recent Nature Protocols 
paper Super-resolution microscopy with DNA-PAINT published by Jungmann et al. 
Participants should carefully read the full publication in advance. The paper and 
supplement can be downloaded here:  
 
http://www.nature.com/nprot/journal/v12/n6/full/nprot.2017.024.html 
 
If it is not possible for participants to download the paper, please contact the 
supervisor as early as possible via email. You can receive a pdf version. Additionally the 
software package Picasso (Windows 7 and higher) can be downloaded here: 
 
http://www.jungmannlab.org 
 
During the day, the five following topics will be covered. At every task, a must-have-
read section of the Nature protocols paper is given. Please study the sections 
carefully.  
Particular steps during the course will be explained by the supervisor. Questions can 
be asked anytime, also via email beforehand. 
 
Experimental Topics 
 
1) DNA origami design with ‘Picasso Design’ 
 
To get familiar with DNA origami and super-resolution data the practical course starts 
with designing DNA structures for a DNA-PAINT experiment with the software tool 
‘Picasso Design’.  
 
Must-have-read section: Design and preparation of DNA origami structures (P.1203) 
 
2) DNA-PAINT simulation with ‘Picasso Simulate’ 
 
Before starting with experimental data, super resolution data will be simulated with 
‘Picasso Simulate’. Parameters of the DNA-PAINT technique will be explored to fine 
tune experimental conditions. 
 
Must-have-read section: Box 3: In silico simulation of DNA-PAINT data (P. 1206) 
Must-have-read section: Figure 7: Simulating DNA-PAINT raw data from DNA 
origami-like structures.  (P. 1208) 
 
3) Data processing with ‘Picasso Localize’ and ‘Render’ 
 
The simulated single molecule localization data will be processed with the tool ‘Picasso 
Localize’. Visualization of the processed data will be done with ‘Picasso Render’. 
 
Must-have-read section: Super-resolution image reconstruction (P.1209) 
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4) DNA origami synthesis 
 
DNA origami synthesis for DNA-PAINT experiment: 

• Pipetting of scaffold, staples and extended staples 
• Thermal annealing in the thermocycler 
• Gel Purification 

 
Must-have-read section: Figure 6: Designing DNA origami structures for DNA-PAINT 
with ‘Picasso: Design’ (P. 1207) 
 
5) DNA-PAINT imaging of DNA origami and data processing 
 
Synthesized DNA origami structures will be visualized in super-resolution with DNA-
PAINT imaging: 

• Microscopy slide preparation 
• Imaging with custom TIRF setup 
• Analysis with ‘Picasso Localize’ and ‘Picasso Render’ 

 
Must-have-read section: Supplementary Figure 10: Custom-made flow chamber  
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