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Materials and Methods 
 
1. Synthesis of CNVK-modified DNA strands 
The 3-cyanovinylcarbazole phosphoramidite (CAS: 1157899-72-3) was purchased from Glentham Life Science 
Ltd (GN8887). The coupling to the DNA strands was done by Eurofins MWG (Ebersberg, Germany). For the 
sequences see Table S1 in the separate excel file. 
 
2. Folding of DNA origami switch object 
The reaction mixtures contained the p8064 scaffold DNA at a concentration of 50 nM and oligonucleotide strands 
at 200 nM each. The folding buffer included 5 mM TRIS, 1 mM EDTA, 5 mM NaCl (pH 8) and 20 mM MgCl2. 
The reaction mixture was subjected to a thermal annealing ramp (15 min at 65°C; [58 – 55°C]; 90min/1°C) using 
TETRAD (MJ Research, now Biorad) thermal cycling devices. Oligonucleotides were purchased from Eurofins 
MWG (Ebersberg, Germany).  
 
3. Purification of DNA origami switch object 
After the folding reaction, the reaction product was purified using one round of PEG-precipitation (1). The 
resulting pellet was dissolved in folding buffer (5 mM TRIS, 1 mM EDTA, 5 mM NaCl) including 5 mM MgCl2. 
The final volume was chosen to get a monomer concentration of 5 nM if not otherwise stated. The samples were 
equilibrated at 30°C and 450 rpm overnight in a shaker incubator (Thermomix comfort from Eppendorf). All 
procedures were performed as previously described (2). 
 
4. UV-irradiation 
For UV-irradiation we used a 300W xenon light source (MAX-303 from Asahi Spectra) with a high transmission 
bandpass filter centered around 365 nm (XHQA365 from Asahi Spectra) or 310 nm (XHQA310 from Asahi 
Spectra). We used a light guide (Asahi Spectra) to couple the light into the sample by placing it directly on top of 
an 0.65 ml reaction tube. Samples were irradiated in folding buffer (5 mM TRIS, 1 mM EDTA, 5 mM NaCl) 
including 30 mM MgCl2, if not otherwise stated. To quantitatively evaluate the data obtained from gel 
electrophoresis, we determined the ratio between the intensity of the band corresponding to closed and crosslinked 
particles to the total band intensity of closed and open species. We define this ratio as the fraction of crosslinked 
switch particles. 
 
5. Gel electrophoresis of DNA origami switch object 
Samples were electrophoresed on 1.5% agarose gels containing 0.5xTBE and 5 mM MgCl2 for around 2 h at 90 
V bias voltage in a gel box immersed in a water or ice bath, if not otherwise stated. Samples were loaded on the 
gel at a monomer concentration of approximately 5 nM. The electrophoresed agarose gels were scanned using a 
Typhoon FLA 9500 laser scanner (GE Healthcare) at a resolution of 25 µm/px in the Cy5-channel (635 nm). The 
resulting 16-bit tif-images were analyzed using ImageJ 1.440. 
 
6. Negative-stain transmission electron microscopy (TEM): Preparation, acquisition and data processing  
Samples were adsorbed on glow-discharged collodion-supported carbon-coated (10 nm) Cu400 TEM grids (in 
house production) and stained using a 2% aqueous uranyl formate solution containing 25 mM sodium hydroxide. 
Samples were incubated for 15-300 s depending on the buffer/solvent used. For samples dissolved in solvents 
including low concentrations of positively charged ions, we used higher monomer concentrations (100 nM) and 
longer incubation times. We used magnifications between 10.000x to 30.000x for acquiring the data.  
Imaging was performed on different microscopes; see table below.  
 

Microscope Operating voltage (kV) Camera Data 
Philips CM 100  100 AMT 4 megapixels 

CCD camera 
All field-of-views 

FEI Tecnai 120 120 Tietz TemCam-F416 (4k 
x 4k) 

2D class average Figure 2c 

 
TEM micrographs used in the figures were high-pass filtered to remove long-range staining gradients, and the 
contrast was auto-leveled (Adobe Photoshop CS6).  
For 2D image processing, libraries of individual particle micrographs were created by particle picking using the 
Relion-2 picking routine (3). Generation of average 2D particle micrographs was performed using Relion-2 (3). 
Typically, around 2000 individual particles were averaged. 
 
 



 

Supplementary Fig. 1 | Design diagram of the switch object prepared using caDNAno (4). Interfaces are 
passivated with poly-thymine overhangs. The two strands that we modified at the 5’ end with the cnvK-moiety 
(labeled as ‘K’ in red) are labeled in black. The strand that is internally modified with the ATTO647n dye is 
labeled in red. Positions with more than one consecutive thymine in close vicinity to the stacking contact are 
indicated with green arrow heads. Inset lower right: Cross-section of the object designed in honeycomb lattice. 
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ATTGATTGAGGGTTTGATATTTGAGGTTCAGCAAGGTGATGCTTTAGATTTTTCATTTGCTGCTGGCTCTCAGCGTGGCACTGTTGCAGGCGGTGTTAATACTGA

C C G C C T C A C C T C T G T T T T A T C T T C T G C T G G T G G T T C G T T C G G T A T T T T T A A T G G C G A T G T T T T A G G G C T A T C A G T T C G C G C A T T A A A G A C T A A T A G C C A C C A G A T

ATTCAAAAATATTGTCTGTGCCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGCCAGAATGTCCCTTTTATTACTGGTCGTGTG GTTGTTAGTGCTCCTAAAGATATTTTAGATAACCTTCCTCAATTCCTTTCAACTGTTGATTTGCCAACTG

A C T G G T G A A T C T G C C A A T G T A A A T C T A C A G T C T G A C G C T A A A G G C A A A C T T G A T T C T G T C G C T A C T G A T T A C G G T G C T G C T A T C G A T A T A C G A G T T G T C G A A T T G T T T G T A A A G T C T A A T A C T T C T A A A T C C T C A A A T G T A T T A T C T A T T G A C G G C T C T A A T C T A T T A

AATCCATTTCAGACGATTGAGCGTCAAA CCGATGAAAACGCG GGTTTCA ATGATGATAATTCCGCTCCTTCTGGTGGTTTCTTTGTTCCGCAAAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAAGGATTTA GTTTCTTATTTGGATTGGGATAAAT AAGACGCTCGTTAGCGT

A T G T A G G T A T T T C C G C T A A T A A G G G G G C T A T G A C C G A A A A T G T T G G T G A C G T T T C C G G C C T T G C T A A T G G T A A T G G T G C T A C T G G T G A T T T T G C T G G C T C T A A T T C C C A A A T G G C T C A A G T C G T G C C A T C A T C T G A T A A T C A G G A A T A A T A T G G C T G T T T A T T T T G T A A C T G G C A A A T T A G G C T C T G G A

ATGAGCG TCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGCTCTGAGGGAGGCGGTTCCGGTGGTGGCTCTGGTTCCGGTGATTTTGATTATGAAAAGATGGCAAAC GCTGGCAGAAACCCCCGGTATGACCGTGAAAACGGCCC

T T T T T C C G G C T T T A C A C T T T A T G C T T C C G G C T C G T A T G T T G T G T G G A A T T G T G A G C G G A T A A C A A T T T C A C A C A G G A A A C A G C T A T G A C C A T G A T T A C G A A T T C G A G C T C G G T A C C C G G G G A T C C T C A A C T G T G A G G A G G C T C A C G G A C G C G A A G A A C A G G C A C G C G T

TGTTGCA CACCCCA TATTGCTACAACGGTTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAACACTTCTCAGGA

A T G G C T G G C G G T A A T A T T G T T C T G G A T A T T A C C A G C A A G G C C G A T A G T T T G A G T T C T T C T A C T C A G G C A A G T G A T G T T A T T A C T A A T C A A A G A A G

T T A G C T C A C T C A T T A G G T T C T G G C G T A C C G T T C C T G T C T A A A A T C C C T T T A A T C G G C C T C C T G T T T A G C T C C C G C T C T G A T T C T

AACGCAATTAATGTGAG AACGAGGAAAGCACGTTATACGTGCTCGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTA

C G G G C A G T G A G C G C A G C G C G G C G G G T G T G G T G G T T A C G C G C A G C G T G A C C G C T A C A C T T G C C A G C G C C C T A G C G C C C G C T C C T T

TGGAAAG TCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGG

T C C C G A C T T C C G A T T T A G T G C T T T A C G G C A C C T C G A C C C C A A A A A A C T T G A T T T G G G T G A T G G T T C A C G T A G T G G G C C A T C G C C

ACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTT TGATAGACGGTTTTTCGCCCTTT C

A A G A A A A A C C A C C C T G G C G C C C A A T G A C G T T G G A G T C C A C G T C G C C T C T G C G C G A T T T T G T A A C T T G G T A T T C A A A G C A A T C A G

TGGTGAA TCTTTAATAGTGGACTCTTGTTCCAAACTGGAACA TGAAATGAATAATT GCGAATCCGTTATTGTTTCTCCCGATGT

C T C A G G G C C A G G C G G T G A A G G G C A A T C A G C T G T T G C C C G T C T C A C A C A C T C A A C C C T A T C T C G G G C T A T T C T T T T G A T T T A T A A

GGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCT

T A T C T C T C T G A T A T T A G C G C T C A A T T A C C C T C T G A C T T T G T T C A G G G T G T T C A G T T A A T T C T C C C G T C T A A T G C G C T T C C C T G T T T T T A T G T T A T T C T C T C T G T A A A G G C T G C T A T T T T C A T T T T T G A C G T T A A A C A A A A A A T C T G G T A A G A T T C A G G A T A A A A T T G T

CGGTAAGATAGCTATTGCTATTTCATTGTTTCTTGCTCTTATTATTGGGCTTAACTCAATTCTTGTGGGT AGCTGGGTGCAAAATAGCAACTAATCTTGATTTAAGGCTTCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAAAACGCCTCGCGTTCTTAGAATACCGG

A G G G C T T A T A A G C C T T C T A T A T C T G A T T T G C T T G C T A T T G G G C G C G G T A A T G A T T C C T A C G A T G A A A A T A A A A A C G G C T T G C T T G T T C T C G A T G A G T G C G G T A C T

TACTTTTCTTAAAA TGGTTTAATACCCGTTCTTGGAATGATAAGGAAAGACAGCCGATTATTGATTGGTTTCTACATGCTCGTAAATTAGGATGGGATATTATTT

A T C T G C T T T C T T G T T C A G G A C T T A T C T A T T G T T G A T A A A C A G G C G C G T T C T G C A T T A G C T G A A C A T G T T G T T T A T T G T C G T C G T C T G G A C A G A A T

TAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGTATTCCGTTATTATTGCGTTTCCTCGGTTTCCTTCTGGTAACTTTGTTCGGCT TACTTTA

C C T C A A T C G G T T G A A T G T C G C C C T T T T G T C T T T G G C G C T G G T A A A C C A T A T G A A T T T T C T A T T G A T T G T G A C A A A A T A A A C T T A T T C C G T G G T G T C T T T G C G T T T C T T T T A T A T G T T G C C A C C T T T A T G T A T G T A T T T T C T A C G T T T G C T A A C A T A C T G C G C C T T T T G

GTGACGGTGATAATTCACCTTTAATGAATAATTTCCGTCAATATTTACCTTCCCTC TATTTCTGTTTTACGTGCAAATAATTTTGATATGGTAGGTTCTAACCCTTCCATTATTCAGAAGTATAATCCAAACAATCAGGATTATATTGATGAAT TCGGTACTTTATAT

A G G T A A T A A A A G G T A C T G T T A C T G T A T A T T C A T C T G A C G T T A A A C C T G A A A A T C T A C G C A A T T T C T T T C T C T T A T T A C T G G C T C

ATTCAAATGAAATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGTTTCATCATCTTCTTTTGCTC GAAAATGCCTCTGC

G A C G A T T T A C A G A A G C A A G G T T A T T C A C T C A C A T A T A T T G A T T T A T G T A C T G T T T C C A T T A A A A A A G G T A C T A A A T T A C A T G T T

TTCTCAGCGTCTTAATCTAAGCTATCGCTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAATAGC GGCGTTGTTAAATATGG

C C C A A C C T A A G C C G G A G G T T A A A A A G G T A G T C T C T C A G A C C T A T G A T T T T G A T A A A T T C A C T A T T G A C T C C G A T T C T C A A T T A A

AATATATTTGAAAAAGTTTTCTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTTACATATAGTTATATAA GCCCTAC

T C T T A T T T A A C G C C T T A T T T A T C A C A C G G T C G G T A T T T C A A A C C A T T A A A T T T A G G T C A G A A G A T G A A A T T A A C T A A T G T T G A G

CGTTGGCTTTATACTGGTAAGAATTTGTATAACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTAT

A G T T T G T A C T G G T G A C G A A A C T C A G T G T T A C G G T A C A T G G G T T C C T A T T G G G C T T G C T A T C C C T G A A A A T G A G G G T G G T G G C T C

GCGTTGT TGAGGGTGGCGGTTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTACTAAACCTCCTGAGTACGGTGATACACCTATTC

A T A G C T A A A C A G G T T A T T G A C C A T T T G C G A A A T G T A T C T A A T G T G G A A T G C T A C A G C G G G C T A T A C T T A T A T C A A C C C T C T C G A

ATGCCACCTTTTCAGCTCGCGCCCCAAATGAAAAT GGTCAAA CAAAACTTTAGATCGTTACGCTAACTATGAGGGCTGTCT CGG

A C A G A A A A T T C A T T T A C T A A C G T C T G G A A A G A C G A C A C T T A T C C G C C T G G T A C T G A G C A A A A C C C C G C T A A T C C T A A T C C T T C T
TATTCGCAATTCCTTTAGTTGTTCCTTTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTTAGCAAAATCCCAT CTTGAGG

G C A A G C T G A T A A A C C G A T A C A A T T A A A G G C T C C T T T T G G A G C C T T T T T T T T G G A G A T T T T C A A C G T G A A A A A A T T A T A G T C T C A

GTGGGCGATGGTTGTTGTCATTGTCGGCGCAACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAA GCCTCTTAATACTT

G T G A C G A T C C C G C A A A A G C G G C C T T T A A C T C C C T G C A A G C C T C A G C G A C C G A A T A T A T C G G T T A T G C T C A T G T T T C A G A A T A A T

TCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTCTTTCGCTGCTGAGG AGGTTCCGAAATAGGCA

TTTATACGGGCACTGTTACTCAAGGCACTGACCCCGTTAAAACTTATTACCAGTACACTCCTGTATCATCAAAAGCCATGTATGACGCTTACTGGAACGGTAAAT

T C A G A G A C T G C G C T T C T T T C G T T T T A G G T T G G T G C C T T C G T A G T G G C A T T A C G T A T T T T A C C C G T T T A A T G G A A A C T T C C T C A T G A A A A A G G G G G G C A T T A A C T G

TTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGT AGGCGATGATACAAATCTCCGTTGTACTTTGTTTCGCGCTTGGTATAATCGCTGGGGGTCAAAGATGAGTGTTTTAGTGTATTCTTTTGCC

C A A T G C T G G C G G C G G C T C T G G T G G T G G T G C C G C A T T C T G G C C G C A G C A C C A C A G A G T G C A C A G G C G C G C A G T G A C A C T G C G C T G G A T C G T C T G A T G C A G G G G G C A C C G G C A C C G C T G G C T G C A G G T A A C G T A A C A T G G A G C A G G T C G C G G A T T T C G A C A C A A T T T A T C

ACCTGATAGCCTTT TCAGCTAGAACGGTTGAATATCATATTG GTCTGGTAAACGAGGGTTATGATAGTGTTGCTCTT CCAGCACCACGCTGACGTTCTACAAGTCCGGCACGTTCCGTTATGAGGATGTGCTCTGGCCGGAGGCTGC CCGGCAT CTTATGATTGACCGTCTGCGCCTCGTTCCGGCTAA

G T A G A T C T C T C A A A A A T A G C T A C C C T C T C C G G C A T T A A T T T A A C T A T G C C T C G T A A T T C C T T T T G G C G T T A T G T A T C A A G C T G G T T G C G T G G G A T G G C A C C A C C G A C G G T G C T G C C G T T G G C A T T C T T G C G G T T G C T G C T G A C C A G A C T G A T G C C G T T A A C G A T T T G C T G A A C A C A C C A G T G C G G T T C C

TGCATTA TAAGGGATGTTTATGACGAGCAAAGAAACCTTTACCCATTACCAGCCGCAGGGCAACAGTGACCCGGCTCATACCGCAACCGCGCCCGGCGGATTGAGTGCGAAAGCGCCTGCAATGACCCCGCTGATGCTGGACACCTCCAGCCGT AAAGTTGGTCAGTT

G T T G A A T G T G G T A T T C C T A A A T C T C A A C T G A T G A A T C T T T C T A C C T G T A A T A A T G T T G T T C C G T T A G T T C G T T T T A T T A A C G T A G A T T T T T C T T C C C A A C G T C C T G A C T G G T A T A A T G A G C C A G T T C T T A A A A T C G C A T A A G G T A A T T C A C A A T A T C T G T C C T C T T T C

GATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGTTTCTCGTCAGGGCAAGCCTTATTCAC TCTGTACACCGTTC

T G A A T G A G C A G C T T T G T T A C G T T G A T T T G G G T A A T G A A T A T C C G G T T C T T G T C A A G A T T A C T C T T G A T G A A G G T C A G C C A G C C T A T G C G C C T G G

A A T T T T G C T A A T T C T T T G C C T T G C C T G T A T G A T T T A T T G G A T G T T A A T G C T A C T A C T A T T A G T A G A A T T G C T A A A T C T A C T C G T

ATTGCTT TCGCAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCGTACTTTAGTTGCATATTTAAAACATGT

A G G C T T T T G A G C T A C A G C A T T A T A T T C A G C A A T T A A G C T C T A A G C C A T C C G C A A A A A T G A C C T C T T A T C A A A A G G A G C A A T T A A

AGCTTTATGCTCTG AGGTACTCTCTAATCCTGACCTGTTGGAGTTTGCTTCCGGTCTGGTTCGCTTTGAAGCTCGAATTAAAAC

T T T G G T A C A A C C G A T T T G C G A T A T T T G A A G T C T T T C G G G C T T C C T C T T A A T C T T T T T G A T G C A A T C C G C T T T G C T T C T G A C T A T

AGGGTCATAATGTT AATAGTCAGGGTAAAGACCTGATTTTTGATTTATGGTCATTCTCGTTTTCTGAACTGTTTAAAGCATTTG

C G C A A A A G T A T T A C A G G G G G A T T C A A T G A A T A T T T A T G A C G A T T C C G C A G T A T T G G A C G C T A T C C A G T C T A A A C A T T T T A C T A T

CAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATTTTTATCCTTGCGTTGAAATAAAGGCTTCTCC TACCCCCTCTGGCA

G G C A A T G A T G G T G A T T T G A C T G T C T C C G G C C T T T C T C A C C C T T T T G A A T C T T T A C C T A C A C A T T A C T A A A C T T C T T T T G C A A A A G C C T C T C G C T A T T T T G G T T T T T A T C G T C C A G C G A C G A G A C G A A A A A A C G G A C C G C G T T T G C C G G A A C G G C A A T C A G C A T C G T T T

ACTCTCA AACTTTACCCTTCATCACTAAAGGCCGCCTGTGCGGCTTTTTTTACGGGATTTTTTTATGTCGATGTACACAACCGCCCAACTGCTGGCGGCAAATGAGCAGAAATTTAAGTTTGATCCGCTGTTTCTGCGTCTCTTTTTCCGTGAGAGCTATCCCTTCAC

G C T C C A G C A C G G A G A A A G T C T A T C T C T C A C A A A T T C C G G G A C T G G T A A A C A T G G C G C T G T A C G T T T C G C C G A T T G T T T C C G G T G A G G T T A T C C G T T C C C G T G G C G

CGATTCTCTTGTTT GCTCCACCTCTGAAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGC

T T A C G A T T A C C G T T C A T A C A T C C C C C T T T C G C C A G C T G G C G T A A T A G C G A A G A G G C C C G C A C C G A T C G C C C T T C C C A A C A G T T G C G C A G C C T G A

TTGACATGCTAGTT ATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCC

C G G G G T A C A T A T G A G A T A C T G T C G T C G T C C C C T C A A A C T G G C A G A T G C A C G G T T A C G A T G C G C C C A T C T A C A C C A A C G T G A C C T A T C C C A T T A C G G T C A A T C C G C C G T T T G T T C C C A C G G A G A A T C C G A C G G G T T G T T A C T C G C T C A C A T T T A A T G T T G A T G A A A G C T

GGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAATTTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAAC

T C A G T A T T A A C A C C G C C T G C A A C A G T G C C A C G C T G A G A G C C A G C A G C A A A T G A A A A A T C T A A A G C A T C A C C T T G C T G A A C C T C A A A T A T C A A A C C C T C A A T C A A T

TAAAACAGAGGTGAGGCGG CAGAAGA GAACGAACCACCAG AAATACC AACATCGCCATTAA GCCCTAA TGCGCGAACTGATA TCTTTAA ATCTGGTGGCTATTAG

C A C A C G A C C A G T A A T A A A A G G G A C A T T C T G G C C A A C A G A G A T A G A A C C C T T C T G A C C T G A A A G C G T A A G A A T A C G T G G C A C A G A C A A T A T T T T T G A A T C A G T T G G C A A A T C A A C A G T T G A A A G G A A T T G A G G A A G G T T A T C T A A A A T A T C T T T A G G A G C A C T A A C A A C

AGATTTACATTGGCAGATTCACCAGT TTGCCTTTAGCGTCAGACTGT TCAGTAGCGACAGAATCAAGT ATATCGATAGCAGCACCGTAA ATTCGACAACTCGT ACAAACA GATTTAGAAGTATTAGACTTT ATAATACATTTGAG TCAATAG TAATAGATTAGAGCCG

T T T G A C G C T C A A T C G T C T G A A A T G G A T T C G C G T T T T C A T C G G T G A A A C C T A A A T C C T T T G C C C G A A C G T T A T T A A T T T T A A A A G T T T G A G T A A C A T T A T C A T T T T G C G G A A C A A A G A A A C C A C C A G A A G G A G C G G A A T T A T C A T C A T A T T T A T C C C A A T C C A A A T A A G A A A C A C G C T A A C G A G C G T C T T

GCGGAAATACCTACAT TAGCCCCCTTATTA CATTTTCGGTCA CGTCACCAA CCGGAAA TACCATTAGCAAGG GCACCAT ACCAGTA GAGCCAGCAAAATC GGAATTA CCATTTG ACTTGAG ATTCCTGATTATCAGATGATGGCACG AATAAACAGCCATATT GTTACAA TCCAGAGCCTAATTTGCCA

C G C T C A T G T T T G C C A T C T T T T C A T A A T C A A A A T C A C C G G A A C C A G A G C C A C C A C C G G A A C C G C C T C C C T C A G A G C C G C C A C C C T C A G A A C C G C C A C C C T C A G A G C C A C C A C C C T C A G A G C C G C C A C C A G A G G G C C G T T T T C A C G G T C A T A C C G G G G G T T T C T G C C A G C

TGTAAAGCCGGAAAAA CATAAAG CCGGAAG ATACGAG ACACAAC CAATTCC CCGCTCA TTGTTAT TGTGAAA TTTCCTG ATAGCTG CATGGTC TCGTAAT CTCGAAT TACCGAG CCCCGGG TCACAGTTGAGGAT AGCCTCC TCTTCGCGTCCGTG ACGCGTGCCTGT

T G C A A C A T G G G G T G T C C T G A G A A G T G T T T T T A T A A T C A G T G A G G C C A C C G A G T A A A A G A G T C T G T C C A T C A C G C A A A T T A A C C G T T G T A G C A A T A

TATTACCGCCAGCCAT AATATCCAGAACAA TGCTGGT CAAACTATCGGCCT AAGAACT ACTTGCCTGAGTAG TAACATC CTTCTTTGATTAGTAA

AACCTAATGAGTGAGCTAA ACGCCAG GAACGGT TAGACAG GGGATTT GATTAAA GGAGGCC CTAAACA GCGGGAG AGAATCAGA

C T C A C A T T A A T T G C G T T T A A T G C G C C G C T A C A G G G C G C G T A C T A T G G T T G C T T T G A C G A G C A C G T A T A A C G T G C T T T C C T C G T T

CTGCGCTCACTGCCCG CCACACCCGCCGCG GTAACCA CGGTCACGCTGCGC AGTGTAG CTAGGGCGCTGGCA AAGGAGCGGGCG

C T T T C C A C C C T A A A G G G A G C C C C C G A T T T A G A G C T T G A C G G G G A A A G C C G G C G A A C G T G G C G A G A A A G G A A G G G A A G A A A G C G A

AAATCGGAAGTCGGGA AAGCACT TGCCGTA GTCGAGG TTTTGGG TCAAGTT ACCCAAA AACCATC CTACGTG GGCGATGGCCCA

A A C C T G T C G T G C C A G C T G C A T T A A T G A A T C G G C C A A C G C G C G G G G A G A G G C G G T T T G C G T A A A G G G C G A A A A A C C G T C T A T C A G

GTTTTTCTT CAGGGTG ACGTGGACTCCAACGTCATTGGGCGC AAATCGCGCAGAGGCG AGTTACA CTGATTGCTTTGAATACCA

T T C A C C A T G T T C C A G T T T G G A A C A A G A G T C C A C T A T T A A A G A A A T T A T T C A T T T C A A C A T C G G G A G A A A C A A T A A C G G A T T C G C

ATTGCCCTTCACCGCCTGGCCCTGAG ACAGCTG CGGGCA GTGTGAGA GTTGAGT AGATAGG TAGCCCG AAAAGAA TTATAAATC

A G A G T T G C A G C A A G C G G T C C A C G C T G G T T T G C C C C A G C A G G C G A A A A T C C T G T T T G A T G G T G G T T C C G A A A T C G G C A A A A T C C C

TAATATCAGAGAGATA TGAGCGC GGGTAAT AGTCAGA TGAACAA AACACCC TTAACTG GGGAGAA GAAGCGCATTAGAC AGAGAATAACATAAAAACAGG TGAAAATAGCAGCCTTTACAG TCAAAAA TTTTTTGTTTAACG ACAATTTTATCCTGAATCTTACCAGA

A C C C A C A A G A A T T G A G T T A A G C C C A A T A A T A A G A G C A A G A A A C A A T G A A A T A G C A A T A G C T A T C T T A C C G C C G G T A T T C T A A G A A C G C G A G G C G T T T T A G C G A A C C T C C C G A C T T G C G G G A G G T T T T G A A G C C T T A A A T C A A G A T T A G T T G C T A T T T T G C A C C C A G C T

AAGGCTTATAAGCCCT GATATAG TAGCAAGCAAATCA CGCCCAA AGGAATCATTACCG TCATCGT AGCCGTTTTTATTT ACAAGCA AGTACCGCACTCATCGAGA

T T T T A A G A A A A G T A A A A T A A T A T C C C A T C C T A A T T T A C G A G C A T G T A G A A A C C A A T C A A T A A T C G G C T G T C T T T C C T T A T C A T T C C A A G A A C G G G T A T T A A A C C A

GAACAAGAAAGCAGAT AAGTCCT TATCAACAATAGAT GCCTGTT CTAATGCAGAACGC TGTTCAG AACAACA GACAATA ATTCTGTCCAGACGAC

A G C C G A A C A A A G T T A C C A G A A G G A A A C C G A G G A A A C G C A A T A A T A A C G G A A T A C C C A A A A G A A C T G G C A T G A T T A A G A C T C C T T A T T A T A A A G T A

AACCGATTGAGG AAAGGGCGACATTC AAAGACA GGTTTACCAGCGCC TTCATAT CAATCAATAGAAAA TTTGTCA AGTTTAT CGGAATA GACACCA ACGCAAA AAAAGAA AACATAT AGGTGGC TACATAA AAATACA ACGTAGA TTAGCAA CAAAAGGCGCAGTATG

G A G G G A A G G T A A A T A T T G A C G G A A A T T A T T C A T T A A A G G T G A A T T A T C A C C G T C A C A T T C A T C A A T A T A A T C C T G A T T G T T T G G A T T A T A C T T C T G A A T A A T G G A A G G G T T A G A A C C T A C C A T A T C A A A A T T A T T T G C A C G T A A A A C A G A A A T A A T A T A A A G T A C C G A

TTATTACCT GTACCTT AGTAACA AATATAC TCAGATG TTTCAGGTTTAACG CGTAGAT GAGCCAGTAATAAGAGAAAGAAATTG

G A G C A A A A G A A G A T G A T G A A A C A A A C A T C A A G A A A A C A A A A T T A A T T A C A T T T A A C A A T T T C A T T T G A A T G C A G A G G C A T T T T C

TAAATCGTC GCTTCTG TAACCTT GAGTGAA TATATGT AAATCAA AGTACAT TGGAAAC AACATGTAATTTAGTACCTTTTTTAA

G C T A T T A A T T A A T T T T C C C T T A G A A T C C T T G A A A A C A T A G C G A T A G C T T A G A T T A A G A C G C T G A G A A C C A T A T T T A A C A A C G C C

GCTTAGGTTGGG CTTTTTAACCTCCG AGACTAC ATCATAGGTCTGAG TATCAAA GTCAATAGTGAATT TTAATTGAGAATCGGA

T T A T A T A A C T A T A T G T A A A T G C T G A T G C A A A T C C A A T C G C A A G A C A A A G A A C G C G A G A A A A C T T T T T C A A A T A T A T T G T A G G G C

CGTTAAATAAGA AATAAGG TGTGATA CCGACCG TGAAATA AATGGTT TAAATTT TCTGACC TTCATCT CTCAACATTAGTTAAT

A T A A A C A C C G G A A T C A T A A T T A C T A G A A A A A G C C T G T T T A G T A T C A T A T G C G T T A T A C A A A T T C T T A C C A G T A T A A A G C C A A C G

GTACAAACT GTCACCA GAGTTTC TAACACT TGTACCG GAACCCA CCAATAG AGCAAGC CAGGGAT GAGCCACCACCCTCATTTT

A C A A C G C G A A T A G G T G T A T C A C C G T A C T C A G G A G G T T T A G T A C C G C C A C C C T C A G A A C C G C C A C C C T C A G A A C C G C C A C C C T C A

TAACCTGTTTAGCTAT TGGTCAA KTTAGATACATTTCGCAAA CGCTGTAGCATTCCAC ATATAAGTATAGCC TCGAGAGGGTTG

A T T T T C A T T T G G G G C G C G A G C T G A A A A G G T G G C A T T T T G A C C A G A C A G C C C T C A T A G T T A G C G T A A C G A T C T A A A G T T T T G C C G

TAGTAAATGAATTTTCTGT CAGACGT GGCGGATAAGTGTCGTCTTTC TTTGCTCAGTACCA GCGGGGT AGAAGGATTAGGATTA
A T G G G A T T T T G C T A A A C A A C T T T C A A C A G T T T C A G C G G A G T G A G A A T A G A A A G G A A C A A C T A A A G G A A T T G C G A A T A C C T C A A G

TATCGGTTTATCAGCTTGC TTAATTG TCCAAAAGGAGCCT AAAAGGC GAAAATCTCCAAAA TCACGTT TGAGACTATAATTTTT

T T T C G A G G T G A A T T T C T T A A A C A G C T T G A T A C C G A T A G T T G C G C C G A C A A T G A C A A C A A C C A T C G C C C A C A A G T A T T A A G A G G C

GATCGTCAC TTTGCGG AGTTAAAGGCCGCT TGCAGGG ATATATTCGGTCGCTGAGGCT ATTATTCTGAAACATGAGCATAACCG

C C T C A G C A G C G A A A G A C A G C A T C G G A A C G A G G G T A G C A A C G G C T A C A G A G G C T T T G A G G A C T A A A G A T G C C T A T T T C G G A A C C T

A T T T A C C G T T C C A G T A A G C G T C A T A C A T G G C T T T T G A T G A T A C A G G A G T G T A C T G G T A A T A A G T T T T A A C G G G G T C A G T G C C T T G A G T A A C A G T G C C C G T A T A A A

TAAAACGAAAGAAGCGCAGTCTCTGA ACCAACC CGAAGGC GCCACTA ACGTAAT GTAAAAT TAAACGG TTTCCAT GAGGAAG TTTTCAT CAGTTAATGCCCCCCT

A C A G G A G G T T G A G G C A G G T C A G A C G A T T G G C C T T G A T A T T C A C A A A C A A A T A A A T C C T C A T T A A A G C C A G A A T G G A A G G C A A A A G A A T A C A C T A A A A C A C T C A T C T T T G A C C C C C A G C G A T T A T A C C A A G C G C G A A A C A A A G T A C A A C G G A G A T T T G T A T C A T C G C C T

AGAGCCGCCGCCAGCATTG CCAGAATGCGGCACCACCACC GCTGCGG CTGTGGT GTGCACT CGCGCCT CGATCCAGCGCAGTGTCACTG CATCAGA CCCCCTG GCCGGTG CAGCGGT CTGCAGC ACGTTAC CCATGTT ACCTGCT ATCCGCG GATAAATTGTGTCGAA

A A A G G C T A T C A G G T C A A T A T G A T A T T C A A C C G T T C T A G C T G A K A G A G C A A CA C T A T C A T A A C C C T C G T T T A C C A G A C G C A G C C T C C G G C C A G A G C A C A T C C T C A T A A C G G A A C G T G C C G G A C T T G T A G A A C G T C A G C G T G G T G C T G G A T G C C G G T T A G C C G G A A C G A G G C G C A G A C G G T C A A T C A T A A G

TTTTTGAGAGATCTAC GTAGCTA TAAATTAATGCCGGAGAGG AATTACGAGGCATAGT CAAAAGG ATAACGC TTGATAC AACCAGC CCCACGC GTGCCAT GTCGGTG CAGCACC CCAACGG CAACCGCAAGAATG TCTGGTCAGCAG CGGCATCAG TCGTTAA GGAACCGCACTGGTGTGTTCAGCAAA

T A A T G C A A C G G C T G G A G G T G T C C A G C A T C A G C G G G G T C A T T G C A G G C G C T T T C G C A C T C A A T C C G C C G G G C G C G G T T G C G G T A T G A G C C G G G T C A C T G T T G C C C T G C G G C T G G T A A T G G G T A A A G G T T T C T T T G C T C G T C A T A A A C A T C C C T T A A A C T G A C C A A C T T T

ACATTCAAC GAATACC CAGTTGAGATTTAG GATTCAT ATTACAGGTAGAAA CAACATT AACGGAA ACGAACT TAATAAA TCTACGT AGAAAAA GTTGGGA TCAGGAC ATACCAG GCTCATT AGAACTG GATTTTA CTTATGC GAAAGAGGACAGATATTGTGAATTAC

G T G A A T A A G G C T T G C C C T G A C G A G A A A C A C C A G A A C G A G T A G T A A A T T G G G C T T G A G A T G G T T T A A T T T C A A C T T T A A T C G A A C G G T G T A C A G A

TAACAAAGCTGCTCATTCA ATCAACG TATTCATTACCCAA AACCGGA GTAATCTTGACAAG ATCAAGA CCAGGCGCATAGGCTGGCTGACCTTC

AAGAATTAGCAAAATT ATAAATCATACAGGCAAGGCA ACATCCA TAGTAGTAGCATTA ACGAGTAGATTTAGCAATTCTACTAA

A A G C A A T A C A T G T T T T A A A T A T G C A A C T A A A G T A C G G T G T C T G G A A G T T T C A T T C C A T A T A A C A G T T G A T T C C C A A T T C T G C G A

TGTAGCTCAAAAGCCT ATAATGC CTTAATTGCTGAAT CTTAGAG ATTTTTGCGGATGG AGAGGTC TTAATTGCTCCTTTTGATA

C A G A G C A T A A A G C T G T T T T A A T T C G A G C T T C A A A G C G A A C C A G A C C G G A A G C A A A C T C C A A C A G G T C A G G A T T A G A G A G T A C C T

AAATATCGCAAATCGGTTGTACCAAA AGACTTC AGAGGAAGCCCGAA AAGATTA CGGATTGCATCAAA AGCAAAG ATAGTCAGA

A A C A T T A T G A C C C T C A A A T G C T T T A A A C A G T T C A G A A A A C G A G A A T G A C C A T A A A T C A A A A A T C A G G T C T T T A C C C T G A C T A T T

CCCCTGTAATACTTTTGCG TTGAATC ATATTCA GTCATAA CGGAATC AATACTG AGCGTCC ACTGGAT TGTTTAG ATAGTAAAA

G G A G A A G C C T T T A T T T C A A C G C A A G G A T A A A A A T T T T T A G A A C C C T C A T A T A T T T T A A A T G C A A T G C C T G T G C C A G A G G G G G T A

AATCACCATCATTGCC ACAGTCA GCCGGAG GAGAAAG AGATTCAAAAGGGT TAGGTAA CAAAAGAAGTTTAGTAATGTG GCTTTTG CAAAATAGCGAGAG TAAAAAC TCGTCGCTGGACGA TTTCGTC TCCGTTT AACGCGG TCCGGCA AAACGATGCTGATTGCCGT

T G A G A G T G T G A A G G G A T A G C T C T C A C G G A A A A A G A G A C G C A G A A A C A G C G G A T C A A A C T T A A A T T T C T G C T C A T T T G C C G C C A G C A G T T G G G C G G T T G T G T A C A T C G A C A T A A A A A A A T C C C G T A A A A A A A G C C G C A C A G G C G G C C T T T A G T G A T G A A G G G T A A A G T T

TTCTCCGTGCTGGAGC ATAGACT GTGAGAG GGAATTT CAGTCCC TGTTTAC AGCGCCA AACGTAC TCGGCGA GAAACAA CTCACCG CGCCACGGGAACGGATAAC

A A A C A A G A G A A T C G G C T G C A A G G C G A T T A A G T T G G G T A A C G C C A G G G T T T T C C C A G T C A C G A C G T T G T A A A A C G A C G G C C A G T G C C A A G C T T T C A G A G G T G G A G C

GGGGGATGTATGAACGGTAATCGTAA GGCGAAA CTATTACGCCAGCT CTCTTCG CGATCGGTGCGGGC GGAAGGG TCAGGCTGCGCAACTGTTG

A A C T A G C A T G T C A A G G C C T C A G G A A G A T C G C A C T C C A G C C A G C T T T C C G G C A C C G C T T C T G G T G C C G G A A A C C A G G C A A A G C G C C A T T C G C C A T

GTATCTCATATGTACCCCG GACGACA AGGGGAC CAGTTTG CATCTGC AACCGTG GCATCGT GATGGGC TGGTGTA GTCACGT GGGATAG CCGTAAT AAACGGCGGATTGA TGGGAAC CGTCGGATTCTCCG AACAACC AAATGTGAGCGAGT CAACATT AGCTTTCAT

G T T G A T A A T C A G A A A A G C C C C A A A A A C A G G A A G A T T G T A T A A G C A A A T A T T T A A A T T G T A A A C G T T A A T A T T T T G T T A A A A T T C G C A T T A A A T T T T T G T T A A A T C A G C T C A T T T T T T A A C C A A T A G G A A C G C C A T C A A A A A T A A T T C G C G T C T G G C C T T C C T G T A G C C



 

Supplementary Fig. 2 | Fluorescent images of 1.5% agarose gels laser-scanned in the Cy5-channel (635 nm). 
Time series of photo-crosslinking at 365 nm irradiation (left) and photo-cleavage at 310 nm irradiation (right). p: 
pocket, o: band corresponding to open (non-crosslinked) switch particles, c: band corresponding to closed 
(crosslinked) switch particles. The images of the gels are globally autoleveled. 

 
  



 
 
 

 

Supplementary Fig. 3 | Influence of the MgCl2 concentration on photo-crosslinking for different irradiation 
times with 365 nm light. The fraction of crosslinked particles is computed as described in the methods section 
(4. UV-irradiation). 

  



 
 
 
 
 
 
 
 
 
 
 
 

 
 

Supplementary Fig. 4 | Fluorescent image of a 1.5% agarose gel laser-scanned in the Cy5-channel (635 nm). 
Different variants of the DNA origami switch object were irradiated for 10 minutes with 365 nm light. The fraction 
of crosslinked particles is computed as described in the methods section (4. UV-irradiation). K1+K2: variant with 
both cnvK-modifications, K1: variant with only one of the two cnvK-modifications, K2: variant with the other cnvK-
modification (Figure S1), p: pocket, o: band corresponding to open (non-crosslinked) switch particles, c: band 
corresponding to closed (crosslinked) switch particles. The image of the gel is globally autoleveled, and in 
addition, each lane was individually autoleveled. 

 

  

o

p

c

K1+K2

0.74 0.60 0.60Fraction
Crosslinked

K1 K2



 

 

 
 

 
Supplementary Fig. 5 | Influence of the MgCl2 concentration on photo-cleavage for different irradiation 
times with 310 nm light. The fraction of crosslinked particles is computed as described in the methods section 
(4. UV-irradiation). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



 

Supplementary Fig. 6 | Negative-stain TEM field-of-views of non-irradiated (non-crosslinked) switch particles 
a) and irradiated (crosslinked) switch particles b) in the presence of 5 mM MgCl2. b) The sample was irradiated 
for 10 minutes with 365 nm light. Scale bars: 100 nm.  
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Supplementary Fig. 7 | Negative-stain TEM field-of-views for cycling the DNA origami switch object through 
crosslinked and non-crosslinked states as outlined in Figure 1 of the manuscript. a) Non-irradiated sample in the 
presence of 5 mM MgCl2. b) Non-irradiated sample in the presence of 30 mM MgCl2. c) Irradiated sample (5 
minutes with 365 nm light) in the presence of 30 mM MgCl2. d) Irradiated sample (5 minutes with 365 nm light) 
in the presence of 5 mM MgCl2. Scale bars: 100 nm. 
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Supplementary Fig 8 | Fluorescent images of 1.5% agarose gels laser-scanned in the Cy5-channel (635 nm). 
Samples of nine successive cycles of photo-crosslinking and photo-cleavage were loaded on the gel. c: 
crosslinking with 365 nm light for 5 minutes, s: cleavage with 310 nm light for 5minutes (top labels). p: pocket, 
o: band corresponding to open (non-crosslinked) switch particles, c: band corresponding to closed (crosslinked) 
switch particles (left labels). The image of the gel is globally autoleveled.   
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Supplementary Fig. 9 | Influence of the irradiation time on the fraction of crosslinked switch particles for the 
first cycle. We performed the experiment in duplicate. a) Data points represent the mean and error bars the 
standard deviation. The fraction of crosslinked particles is computed as described in the methods section (4. UV-
irradiation). c: crosslinking at 365 nm, s: cleavage at 310 nm. b) We computed the difference between the fraction 
of crosslinked particles for the first cycle as indicated in a) (‘Delta Closed-Closed’) and plotted it as a function of 
irradiation time. 
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