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Figure S1 | Cadnano design and oligonucleotide sequences of the various origami L structures.  

Top positions T0-T6 are coloured in gold, while bottom positions B0, B3, B6 are coloured in dark orange. Lateral positions L0-L13 and R0-R13 are coloured in green and blue, 

respectively. Edge positions E2-5, E7, E9, E12-15, E17, E19 and F2-5, F7, F9, F12-15, F17, F19 are coloured in purple. Core staples are coloured in black; M13 p7249 scaffold 

is coloured in grey. List of functionalized staples can be found in Table S1. 

0

1

L

2

3

4

5

6

7

T

8

9

10

11

B

12

13

14

15

16

17

R

18

19

0 7 14 21 28 35 42 49 56 63 70 77 84 91 98 105 112 119 126 133 140 147 154 161 168 175 182 189 196 203 210 217 224 231 238 245 252 259 266 273 280 287 294 301 308 315 322 329 336 343 350 357 364

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

GTTATACGTGCTCGTCAAAGCAACCATA GTCTAATACTTCTAAATCCTC TCAGGTAATTGAAATGAATAA CGGTATTTCAAACCATTAAAT CGTTCTTGGAATGATAAGGAA TCCCGTCTAATGCGCTTCCCT GTTGAATGTCGCCCTTTTGTC GGCGGCTCTGGTGGTGGTTCT GGTACTAAACCTCCTGAGTAC AGCTGTTTAAGAAATTCACCT CTCGTTCCGGCTAAGTAACAT AGTTGAATGTGGTATTCCTAA TCCTGACCTGTTGGAGTTTGC ATTACAGGGTCATAATGTTTT AAAATTTAATGCGAATTTTAA AGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAA

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

GTCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCT TTGACGG AGTTGTCGAATTGT ATTTTGT TGTTTCATCATCTT GAAATTA ACGCCTTATTTATC TGATTGG TGCGGTACTTGGTT CTCTCTG TTCAGGGTGTTCAG ACCATAT TTACCTTCCCTCCC GGGTGGT CAACCTCCTGTCAA TCCGGGC GGTGGCGGTTCTGA TAAACCG TCGGCGCAACTATC ATTTCGA CTTATGATTGACCG ATCTTTC TTGGCGTTATGTAT GCTTTGA GCAATTAAAGGTAC TAGCTTT AAAGGCTTCTCCCG TTACAAT AAAAAATGAGCTGA CTCTCCCCGCGCGTTGGCCGATTCATTA

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

ATGGACAGACTCTTTTACTCGGTGGCCTCACTGAT AATCTAT TTAATAACGTTCGG TGGTATT TAAATGTAATTAAT AAATATA TAATTATGATTCCG TACATGC AAATAAAAACGGCT GGCTGCT GATATTAGCGCTCA TTTCTAT TTCACCTTTAATGA CTGAGGG TGAATATCAAGGCC CTTATAT GGGTGGTGGCTCTG AATTAAA GGTTATGCGTGGGC ATTTATC GTCCTCTTTCAAAG TGTAATA GTGTTGCTCTTACT CGAATTA CATCCGCAAAAATG TCTGAGG GTTCTAAAAATTTT ATATTTG CGAATTATTTTTGA GACTGGAAAGCGGGCAGTGAGCGCAACG

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

TTGAGTTCTTCTACTCAGGCAAGTGATGTTATTACTAA TAGT CAAAATGATAATGTTAC ATCA CCATTAAAAAAGGTAAT AAGT ACGCATATGATACTAAA TTAG CTATTGGGCGCGGTAAT TTTT GCTTAACTCAATTCTTG GACA CCCAAATGGCTCAAGTC TCTG ATTCTGGCTTTAATGAG CTCG TTCCTATTGGGCTTGCT TTTG CTCCCTGCAAGCCTCAG GATA CCTATGCGCCTGGTCTG TCCG TATCGTCGTCTGGTAAA ATAT CAGCATTATATTCAGCA GCTT TACTCAGGCATTGCATT AATC TGATGAAAGCTGGCTAC GGCACCCCAGGCTTTACACTTTATG

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

GTTTTTCCTGTTGCAATGGCTGGCGGTA AAGATATTTTAGAT TCTGGTG CCGTTATTGTTTCT ATATTGA CGTTCTTTGTCTTG ATACTGG TATTATTTTTCTTG CTTCTAT AAACAAAAAATCGT GTTTCTT CTTATTCCGTGGTG GTGATTT CGGCTCTGAGGGAG AATTCAG TTATCCGCCTGGTA CTCAGTG TTTTTTGGAGATTT TCCCGCA CCGTTGTACTTTGT CTCTTGA GTTTTATTAACGTA GCCTCTC CTTTCGGGCTTCCT TATTTAA CTAATTCTTTGCCT TTTGAAT TTTTGGGGCTTTTC TTACTCG TGAGCGGATAACAATTTCACACAGGAAACAGCTAT

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

TCTGCCAATGTAAATAATCCATTTCAGACGATTGA CCTTTCA TATGATGATAATTC TACTGTT AGCAAGGTTATTCA TCAGCAT CTACTGTTGAGCGT ATTGTTG TTCTTAGAATACCG GGGATAA GATAGCTATTGCTA TTATATG CTAATGGTAATGGT GGCTCTG ATGACGCTTACTGG GCTAATC TAGTTTGTACTGGT TTATTAT TTTCGCTGCTGAGG AATCGCT ATCCGGTTCTTGTC ACGTCCT GGCAAAACTTCTTT TGCAATC AGACACCGTACTTT ATTGGAT GTCTCCGGCCTTTC GGTACAT CACGGAGAATCCGA ATCCTCTAGAGTCGACCTGCAGGCATGC

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

GCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGCC TTGATTT TGATGAATTGCCAT TATATTC GGAAAATTAATTAA ATATAGT GTTGTTAAATATGG ACAGGCG CAAGTCGGGAGGTT TATGGCT TGCTTACTTTTCTT CACCTTT GATGGTTTCATTGG CGGTGAT CAGTACACTCCTGT TCCTTCT GAGGGCTGTCTGTG AATTCCT TAGCCGTTGCTACC GTCAAAG CAGCTTTGTTACGT GGTATAA CCAGTCTAAACATT TTGCTTC GGAATCAACTGTTA ATGCTAC GGTTGAATATCATA TTGACAT ATCCCATTACGGTC CAACGTCGTGACTGGGAAAACCCTGGCG

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

TTTTAGGGCTATCAGTTCGCGCATTAAAGACTAATAGC GACC AGAAGTATAATCCAAAC GTTA AAGCTATCGCTATGTTT CCCA GAAAATGCCTCTGCCTA CATT TAATCTTGATTTAAGGC TTGT GGTTTCCTTCTGGTAAC TATT TTCTGTCGCTACTGATT ATGA TCAAGGCACTGACCCCG AGTC CGACAAAACTTTAGATC TTCC ATGAAAAAGTCTTTAGT TTTT TCGTCAGGGCAAGCCTT GTTC TTTATGACGATTCCGCA AATA GTCAAACTAAATCTACT AGTA CCCTCTCCGGCATTAAT TTAC TACGATGCGCCCATCTA TCCCCCTTTCGCCAGCTGGCGTAAT

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

CTGACCGCCTCACCTCTGTTTTATCTTC GATTGAGGGTTTGA GTTCTAA AAATCTACGCAATT CTCTTCT CCGGAGGTTAAAAA ATATTCT CATGTTGTTTATTG AGCTGGG AAATTAGGCTCTGG CCGTTAT TTTGCTAACATACT TGACGCT GCAAACGCTAATAA TGTTTAT CTTAATACTTTCAT ATTTACT TCTCACTCCGCTGA CCGTTTA TCTTTTGCCTCTTT TACTACT CGCATAAGGTAATT TTGAGGG TAAAGACCTGATTT ATTTGCG TGCCACCTTTTCAG TAGATCT GTTCATCGATTCTC TCAAACT CCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGC

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

CAAGGTGATGCTTTAGATTTTTCATTTGCTGCTGGCTCTCAG TTACGTGCAAATAATTTTGAT CCTATGATTTTGATAAATTCA GAATTACTTTACCTTTTGTCG GCGTTGGTAAGATTCAGGATA CTTAATCATGCCAGTTCTTTT AAAATGCCGATGAAAACGCGC GGTTCCGAAATAGGCAGGGGG GTTTAGCAAAATCCCATACAG GCCTTCGTAGTGGCATTACGT TTGAAATTAAACCATCTCAAG TTCTCGTTTTCTGAACTGTTT GAAAATATAGCTAAACAGGTT CTCTCAGGCAATGACCTGATA AAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGT

CTTAATGCGCC ACCCGCCGCG CGTAACCACCAC CACGCTGCG AGTGTAGCGGT GGCGCTGGCA GCGGGCGCTAG AGCGAAAGGA GAAGGGAAGAA GGCGAGAAAG CCGGCGAACGT ACGGGGAAAG AACCGTCTATC AAGGGCGAAA CTCCAACGTCA AGAACGTGGA TCCACTATTAA GGAACAAGAG TGTTCCAGTTT GGTTGAGTGT GCCCGAGATAG CAAAAGAATA CCCTTATAAAT TCGGCAAAAT TGGTTCCGAAA TGTTTGATGG GGCGAAAATCC TGCCCCAGCA CCACGCTGGTT AGCAAGCGGT GAGAGAGTTGC

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

TTAGAATCAGAGCGGG TTCCTCG TTGTGCT AATTTACAATAGATAATACAT AAGCAAAAGCGCGCAGAGGCG CTACCGTGTATCTTCTGACCT ACGGTATTAATAATCGGCTGT AAGAATTAAAATAACATAAAA CCCGATTGATTACCAGCGCCA CCGCCAGCATCAGAGCCGCCA CGGCCACCCATAGGTGTATCA CCTGATACCTCAGCTTGCTTT ATGCGCAGACCGCGACCTGCT AAAATGCAGTCATCAGTTGAG CATTAGAGAGAACCAGACCGG TGACTTTTGAATCGGTTGTAC CTTGTTAAAACGTTAATATTT GGCGCCAGGGTGGTTTTT GCGGTTTGCGTATTG

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

CCTGAGAAGTGTTTTTATA CCAGAAT TTTGCAGAGAGGAACGGTACG AACACTAGTAACATCAAGAAAACAAAAGTTCGTATTAAATCC GTAATTTTACTCATCGAGAACAAGCAGAAATAAATAAGAATA CGATTAGCCATATTGACGGAAATTATATTCCAAAGTCAGAGG CCATCGTATCTCAGAACCGCCACCCTTATAAGGCAGGTCAGA GGCATGGTAGGAACCGAACTGACCAATGTGCAATGACAACAA GGATAGCATTCCTTTTGATAAGAGGTAGCTAAGGAATTACGA CAGCTGCATAACCAATAGGAACGCCATTAAATTTCAACGCAA GGGAAACCTGTCGTGC

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

TAACCGT CGCAAAT TTTGAACAACTACA TTAAAAG TTTGATGCTTTGTT AATTTCA GCCTGTTTCAAAAC AGAAAAA GAATCTTTACGACT ATCGTAG ACCCATGAAAATTC AGAGATA TCACCACAATCAAG ATCACCG AAATCACCGCCATT AACAAAT GGGATAGGGTTGCA ATTTTCA GGTCGAGGAGCCTC TATATTC GTGTAATCGCCTGA ATGAACG CCTCGACAACATAG TCATAAC TTAATCGCGTTTTA TTAGAGC TTTTAAATAAAGGC TCATATA TTCCTGTATAAGCC TCTGGCC TCACATTAATTGCG

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

ACTAGGAGCACTATCGGCCTTGCTGGTA AAATTCGCCCGGAACAAAGAA TACGAGAAAAAACAGTACATA ATTCCCATCTATACAAATTCT GCAACGTCACAAGCAAATCAG ATTTATTTCCAATAATAAGA CTCCACCCTAATTAGAGCCAGC AAGTGCCGTGGAAAGCGCAGT TTAAGGCTCCCCATGTACCGT CAAGATTTGTTAAAGGCCGCT GCGAACTAACTGGCTGACCTT TTACTTCAAAAAACCAAAATA AGCAAAATTTAGCTCAACATG AGACAGGAAATGTGTAGGTAA AGACATTAAATGTG ATACGAGCCGGA

T A C C G C C A G C C A T T G C A A C A G G A A A A A C A T C T A A A A T A T C T T C A C C A G A A G A A A C A A T A A C G G T C A A T A T C A A G A C A A A G A A C G C C A G T A T C A A G A A A A A T A A T A A T A G A A G A C G A T T T T T T G T T T A A G A A A C C A C C A C G G A A T A A G A A A T C A C C T C C C T C A G A G C C G C T G A A T T T A C C A G G C G G A T A A C A C T G A G A A A T C T C C A A A A A A T G C G G G A A C A A A G T A C A A C G G T C A A G A G T A C G T T A A T A A A A C G A G A G G C A G G A A G C C C G A A A G T T A A A T A A G G C A A A G A A T T A G A T T C A A A G A A A A G C C C C A A A A C G A G T A A A T A G C T G T T T C C T G T G T G A A A T T G T T A T C C G C T C A
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Figure S2 | Depiction of the self-assembly patterns of origami L and LS upon increasing MgCl2.  

(A) Origami L does not possess the ability to polymerize, as it lacks blunt ends or lateral overhangs for 

establishing intermolecular interactions. (B) Origami LS displays 14 lateral self-complementary single-

stranded overhangs on both sides, and is therefore able to polymerizes into sheet-like oligomers at high 

MgCl2 concentrations. 
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Figure S3 | Self-assembly properties of origami L and origami LS at high MgCl2.  

Atomic force microscopy (AFM) images on PLL-mica of origami L lacking blunt ends (A) and origami 

LS displaying 14 lateral self-complementary single-stranded overhangs on both sides (B) after 

incubation with a high MgCl2 buffer (70 mM MgCl2 + 187.5 mM NaCl). As here depicted, whereas 

origami L (A) stays in a monomeric form, origami LS (B) polymerizes into sheet-like oligomers. 
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Figure S4 | Binding and polymerization of DNA origami L3E on top of supported lipid bilayers.  

Zoomed-out images depicting the interaction of 0.1 and 0.5 nM Alexa488-labelled DNA origami L3E 

displaying 3 TEG-chol anchors (for membrane binding) and blunt ends (for end-to-end self-assembly) 

with DOPC SLBs (doped with 0.01% DiD). (A-B) At low MgCl2 (5 mM MgCl2 + 300 mM NaCl), a 

mostly homogenous distribution of origami L3E was observed on top of the lipid bilayers. (C-D) At 

high MgCl2 (70 mM MgCl2 + 187.5 mM NaCl) origami filaments were observed on top of the lipid 

bilayer. While at 0.1 nM, origami L3E formed individual short filaments (C), at 0.5 nM origami L3E  

self-assembled into a mesh of longer and bundled filaments (D).  
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Figure S5 | Fluorescence recovery after photobleaching (FRAP) of membrane-bound origami 

L3E on DOPC supported lipid bilayers (SLBs).  

FRAP data (from Movies S1 and S3), fitted results and calculated diffusion coefficients/mobile 

fractions of 0.5 nM origami L3E on a DOPC SLB, in the presence of (A) low MgCl2 (5 mM MgCl2 + 

300 mM NaCl) and (B) high MgCl2 (70 mM MgCl2 + 187.5 mM NaCl). 
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Figure S6 | Interaction of origami L3E with giant unilamellar vesicles at low MgCl2.  

Membrane attachment of different bulk concentrations (0.1-1 nM) of Alexa488/TEG-chol-modified 

origami L3E displaying blunt ends to DOPC GUVs (doped with 0.05% Atto655-DOPE) in the presence 

of low MgCl2 buffer (5 mM MgCl2 + 300 mM NaCl). Images correspond to equatorial plane slices of 

GUVs.  
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Figure S7 | Triggering self-assembly of membrane-bound origami L3, L3S and L3E.  

As depicted for the pole of selected GUVs, at low MgCl2 (A-C), origami L3, L3S and L3E are 

homogenously distributed on top of DOPC GUVs, corroborating their predominant monomeric state 

under these conditions. Upon increasing the amount of MgCl2, membrane-bound origami L3 (lacking 

blunt ends and lateral overhangs) remains homogeneously distributed (D); origami L3S (displayed 

lateral overhangs) can engage into lateral self-assembly, giving rise to large platforms (E); and finally 

origami L3E (displaying blunt ends) can polymerize end-to-end, giving rise to a mesh of filaments (F).  
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Figure S8 | Membrane deformations by origami L3, L3S and L3E at high MgCl2.  

Equatorial plane images of GUVs incubated with 0.5 nM (A-E) and 1 nM (F-J) origami L3/L3S/L3E 

at least 90 min prior addition of additional MgCl2. For origami L3 lacking the ability to polymerize (A, 

F) no significant membrane deformations were reported. Similar results were observed for vesicles 

incubated with origami L3S, able to form lateral origami platform (B, G). On the contrary, for vesicles 

with membrane-bound origami L3E, extensive remodelling as rough (C, H) and spike-like tubular (D, 

E, I, J) deformations were observed, after MgCl2-triggered end-to-end self-assembly of L3E into linear 

origami aggregates/filaments.  
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Table S1 | List of functional staples used for various origami L structures.  

 

Oligo Sequence Description Partner staple 

TD_00 AAATTCGCCCGGAACAAAGAAAAAAAACACCAAACCC staples with extension for Alexa488 dye 5'-Alexa488-  

TD_01 ATTCCCATCTATACAAATTCTAAAAAACACCAAACCC used in all origami GGGTTTGGTGTTTTTT 

TD_02 ATTTATTTCCAATAATAAGAAAAAAACACCAAACCC   

TD_03 AAGTGCCGTGGAAAGCGCAGTAAAAAACACCAAACCC   

TD_04 CAAGATTTGTTAAAGGCCGCTAAAAAACACCAAACCC   

TD_05 TTACTTCAAAAAACCAAAATAAAAAAACACCAAACCC   

TD_06 AGACAGGAAATGTGTAGGTAAAAAAAACACCAAACCC   

B18_00 ATTATCATCATAAACAGTATGGCTATGGGTGGTCTGGTT staples with extension for TEG-Chol(18) 5'-Chol-TEG-  

B18_03 GTAAGCGTCATGATTAGCACGCTATGGGTGGTCTGGTT used in origami L3, L3E and L3S AACCAGACCACCCATAGC 

B18_06 AAGGCCGGAGACATGTACCTCGCTATGGGTGGTCTGGTT   

E_02 TTAGAATCAGAGCGGG staples for tip-to-tip blunt end interactions  

F_02 GCGGTTTGCGTATTG used in origami LE and L3E  

E_03 AGCTAAACAGGAGGCC   

F_03 AACGCGCGGGGAGAG   

E_04 CCTGAGAAGTGTTTTTATA   

F_04 GGGAAACCTGTCGTGC   

E_05 ATCAGTGAGGCCACCGAGT   

F_05 TGCCCGCTTTCCAGTC   

E_07 TTAGTAATAACATCACTTG   

F_07 TAAAGCCTGGGGTGCC   

E_09 TACCGCCAGCCATTGC   

F_09 TGAAATTGTTATCCGCTCA   

E_12 GTAATAAAAGGGACATTCT   

F_12 TAAAACGACGGCCAGT   

E_13 GGCCAACAGAGATAGAACC   

F_13 CCCAGTCACGACGTTG   

E_14 CAGACAATATTTTTGAATG   

F_14 TGTGCTGCAAGGCGAT   

E_15 GCTATTAGTCTTTAATGCG   

F_15 GCTGGCGAAAGGGGGA   

E_17 GAAGATAAAACAGAGG   

F_17 AGGCTGCGCAACTGTTGGG   

E_19 CTGAGAGCCAGCAGCA   

F_19 ACTCCAGCCAGCTT   

LS_00 TATATATTTAATTTACAATAGATAATACAT staples for lateral oligomerization  

LS_01 TATATATTTAAGCAAAAGCGCGCAGAGGCG used in origami LS and L3S  

LS_02 TATATATTTCTACCGTGTATCTTCTGACCT   

LS_03 TATATATTTACGGTATTAATAATCGGCTGT   

LS_04 TATATATTTAAGAATTAAAATAACATAAAA   

LS_05 TATATATTTCCCGATTGATTACCAGCGCCA   

LS_06 TATATATTTCCGCCAGCATCAGAGCCGCCA   

LS_07 TATATATTTCGGCCACCCATAGGTGTATCA   

LS_08 TATATATTTCCTGATACCTCAGCTTGCTTT   

LS_09 TATATATTTATGCGCAGACCGCGACCTGCT   

LS_10 TATATATTTAAAATGCAGTCATCAGTTGAG   

LS_11 TATATATTTCATTAGAGAGAACCAGACCGG   

LS_12 TATATATTTTGACTTTTGAATCGGTTGTAC   

LS_13 TATATATTTCTTGTTAAAACGTTAATATTT   

RS_00 TATATATTTAAACCCTCAATCTTAGAACAA   

RS_01 TATATATTTTTGCGTAGATTTAGAAGAGTT   

RS_02 TATATATTTTTTAACCTCCGGAGAATATCA   

RS_03 TATATATTTATAAACAACATGCCCAGCTCC   

RS_04 TATATATTTAGAGCCTAATTTATAACGGAG   

RS_05 TATATATTTTATGTTAGCAAAAGCGTCATT   

RS_06 TATATATTTATTAGCGTTTGCATAAACAAT   

RS_07 TATATATTTGAAAGTATTAAGAGTAAATTC   

RS_08 TATATATTTAGCGGAGTGAGATAAACGGAA   

RS_09 TATATATTTAGAGGCAAAAGAAGTAGTAAA   

RS_10 TATATATTTTTACCTTATGCGCCCTCAAAA   

RS_11 TATATATTTATCAGGTCTTTACGCAAATCT   

RS_12 TATATATTTGAAAAGGTGGCAAGATCTAGA   

RS_13 TATATATTTGAATCGATGAACAGTTTGAGC   
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Table S2 | Fraction of deformed vesicles, upon increasing MgCl2, as a function of total L3E 

concentration. 

 

[L3E] 

(nM) 

% Deformed vesicles 

(± st. dev.) 

Independent 

repeats 

Total number 

vesicles (Ntotal) 

0.1 10.9 ± 10.1% 4 174 

0.25 37.1 ± 20.9% 5 316 

0.5 65.6 ± 12.1% 5 401 

1 70.2 ± 9.6% 4 350 
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Movie Captions 

Movie S1 | FRAP of 0.5 nM origami L3E (Alexa488-labelled, green) on top of DOPC SLB (doped with 

Atto655-DOPE, magenta), in the presence of a low MgCl2 buffer (5 mM MgCl2 + 300 mM NaCl). 

Corresponding data represented in Figure 3SA. Scalebar is 5 µm. 

 

Movie S2 | Time-series of MgCl2-triggered polymerization of 0.5 nM origami L3E (Alexa488-labelled, 

green) on top of DOPC SLB. Addition of MgCl2 happened at timepoint 5:00. Scalebar is 10 µm. 

 

Movie S3 | FRAP of 0.5 nM origami L3E (Alexa488-labelled, green) on top of DOPC SLB (doped with 

DiD, magenta), in the presence of a high MgCl2 buffer (70 mM MgCl2 + 187.5 mM NaCl). 

Corresponding data represented in Figure 3SB. Scalebar is 5 µm. 

 

Movies S4 & S5 | Diffusion of 0.1nM origami L3E (Alexa488-labelled, green) on the pole of GUVs 

(doped with Atto655-DOPE, magenta), after MgCl2-mediated polymerization into membrane-bound 

end-to-end self-assembled filaments. 

 

Movie S6 | Diffusion of 0.1nM origami L3S (Alexa488-labelled, green) on the pole of GUV (doped 

with Atto655-DOPE, magenta), after MgCl2-mediated polymerization into membrane-bound laterally 

self-assembled platforms. 

 

Movie S7 | Characteristic wrinkled membrane deformations on DOPC GUV (doped with Atto655-

DOPE, magenta) induced by membrane-bound origami L3E (Alexa488-labelled, green) at 1 nM bulk 

concentration, after MgCl2-mediated polymerization into filaments. Scalebar is 5 µm. 

 

Movie S8 | Characteristic spike-like tubular deformations on DOPC GUV (doped with Atto655-DOPE, 

magenta) induced by membrane-bound origami L3E (Alexa488-labelled, green) at 1 nM bulk 

concentration, after MgCl2-mediated polymerization into filaments. Scalebar is 5 µm. 

 


