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A light-driven three-dimensional plasmonic nanosystem that translates molecular motion 

into reversible chiroptical functions 

 

 

  

 

 

 

 

Supplementary Figure 1. Strand routing diagram of the DNA origami template. 
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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 T G A G G G T G G C G G T T C T G A G G G T G G C G G T T C T G A G G G T G G C G G T A C T A A A C C T C C T G A G T A C G G T G A T A C A C C T A T T C 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 C G G 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 C T T G A G G A G T C T C A G C C T C T T A A T A C T T T C A T G T T T C A G A A T A A T A G G T T C C

GCTACAGGCGTTGTAGTTTGTACTGGTGACGAAACTCAGTGTTAC CATTAGTTGAATGTGGTATTCCTAAATCTCAACTGATGAATCTTTCTACCTGTAATAATGTTGTTCCGTTAGTTCGTTTTATTAACGTAGATTTT GGGAGGTTCGCTAAAACGCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTG GAAATAGGCAGGGGGCATTAACTGTTTATACGGGCACTGTTACTCAAGGCACTGACCCC

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

AAAATTCATTTACTAACGTCTGGAAAGA TCTTAAAATCGCATAAGGTAATTCACAATGATTAAAGTTGAAATTAAACCATCTCA CCTCTCGCTATTTTGGTTTTTATCGTCGTCTGGTAAACG TCCTACGATGAAAATAAAAACGGCTTGCTTGTTCTCGATGAGTGC AAGATTCAGGATAAAATTGTAGCTGGGTGCAAAATAGCA AAATTCAGAGACTGCGCTTTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGC

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

TTCTATTCTCACTCCGCTGAAACTGTTGAAAGTTGTTT ATGAGCAGCTTTGTTACGTTGATTTGGGTAATGAA AATATTTATGACGATTCCGCAGTATTGGACGCTATCCAGTCTAAACATT CCGATTATTGATTGGTTTCTACATGCTCGTAAATT TGGATTGGGATAAATAATATGGCTGTTTATTTTGTAACT TTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCG

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

ATAAACCGATACAATTAAAGGCTCCTTTTGGAGCCTTTTTTTTGGA ATGCGCCTGGTCTGTACACCGTTCATCTGTCCTCTTTCAAAGTTGGTCA TAAAGACCTGATTTTTGATTTATGGTCATTCTCGT CAGGACTTATCTATTGTTGATAAACAGG CTCCCGTCTAATGCGCTTCCCTGTTTTTATGTTATTCTCTCTGTA ACGCTAATAAGGGGGCTATGACCGAAAATGCCGATGAAAACGCGCTACAGTCTGACGCTAAAGGCAAACT

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

TTGTCATTGTCGGCGCAACTATCGG TTCCGGCTAAGTAACATGGAGCAGGTCGCGGATTTCGACACAATTTATC TAAAACGCGATATTTGAAGTCTTTCGGGCTTCCTC CGTCGTCTGGACAGAATTACTTTACCTTTTGTCGGTACTTTATATTCTC GGCTTAACTCAATTCTTGTGGGTTATCTCTCTGATATTAGCGCTC CCGGCCTTGCTAATGGTAATGGTGCTACTGGTGATTTTGCTGGCTCTAA

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

CCTTTAACTCCCTGCAAGCCTCAGCGACCGAATAT CAAAGATGAGTGTTTTAGTGTATTCTTTTGCCTCTTTCGTTTTAGGTTG CCTGACCTGTTGGAGTTTGCTTCCG CTAAATCTACTCGT GATTCTCAATTAAGCCCTACTGTTGAGCGTTGGCTTTATACTGGT CTTACTTTTCTTAAAAAGGGCTTCGGTAAGATAGC ATATTTACCTTCCCTCCCTCAATCGGTTGAATGTCGCCCTTTTGTCTTTGGCGCTGGTAA

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

GGAAACTTCCTCATGAAAAAGTCTTTAGTCCTCAAAGCCTCTGTAGCCGTTGCTACCCTCGTTCCGATGCTGTC GTACTTTAGTTGCATATTTAAAACATGTTGAGCTACAGCATTATATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCT TCTTTTATATGTTGCCACCTTTATGTATGTATTTTCTACGTTTGCTAACATACTGCGTAATAAGGAGTCTTAATCATGCCAGTTCTTTTGGGTATTCCGTTATTA

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

TCCTCCGTCTTTATCGAGGTAACA ATTTTGATAAATTCACTATTGACTCTTCTCAGCGTCTTAATCTAAGCTATCGCTATGTTTTCAAGGATTCTAAGGGAAAATTAATTAATAGCGAC TCCTTGCGTTGAAATAAAGGCTTCTCCCGCAAAAGTATTACAGGGTCATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATTGCTTAATTT GGCGTAATAGCGAA CGCATGAATTCACAACCACTTAGA

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

CGGATAACAATTTCACACAGGAAACAGCTATGACCATGA CTGTTTCCATTAAAAAAGGTAATTCAAATGAAATT TTGCGATTGGATTTGCATCAGCATTTACATATAGTTAT GTAGAATTGATGCCACCTTTTCAGCTCGCGCCCCAAATGAAAATATAGCTAAACAGGTTATTGACCA TATTGATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCTTTTGAATCTTTACCTACAC GGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGA

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

CACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTC AGGTAATTGAAATGAATAATTCGCCTCTGCGCGATTTTGTAACTTG CTTATTTAACGCCTTATTTATCACACGGTCGGTATTTCAAACCATTAAATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTT TCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGATCTCTCAAAAA CTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGG

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

CCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTC CTCCCGATGTAAAAGGTACTGTTACTGTATATTCATCT GCAAGGTGATGCTTTAGATTTTTCATTTGCTGCTGGCTCTCAGCGT GCTATCAGTTCGCGCATTAAAGACTAATAGCCATTCAAAAATATTGTCT CTTATACAATCTTCCTGTTTTTGGGGCTTTTCTGATTATCAACCG CGTGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAAT

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

CAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAA CGTGCAAATAATTTTGATATGGTAGGTTCTAACCCTTC TTTTAGATAACCTTCCTCAATTCCTTTCAACTGTTGATTTGCCAAC TGTCCCTTTTATTACTGGTCGTGTGACTGGTGAATCTGCCAATGTAAAT TACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAA

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

GGGATTTTGCCGATTTCGGAACCACCATCAAACAGGATTTTCGCCT CAGGATTATATTGATGAATTGCCATCAT CGTTCGGGCAAAGGATTTAATACGAGTTGTCGAATTGTTTGTAAAGTCTAATACTTCTAAATCCTC TTTTTCCTGTTGCAATGGCTGGCGGTAATATTGTTCTGG TTAATTTGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTG ATTCTAACGAGGAAAGCACGTTATACGTGCTCGTCAAAG

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

ACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAAC GCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCC

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

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

TCGCCTT CCACCCTGGCTTCTCCTGAGAAAGC

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

GTGACTGGGAAAACCCTGGCGTTACCCAACT

GCAAGCCCAATAGG AGGGATA CCACCCTCATTTTC AGAGCCA GAACCGCCACCCTC ACCCTCA CCCTCAGAACCGCC ACCGCCA TCAGGAGGTTTAGT ACCGTAC GGAATAGGTGTATC ATAGCCC GGGTTGATATAAGT GTCGAGA GGCGGATAAGTGCC AGTACCA GCGGGGTTTTGCTC AGGATTA AAGGATT TCAAGAG AGACTCC GAGGCTG GTATTAA CATGAAA TATTCTGAAA

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

GCCCTCATAGTTAG ACAGACA TTGGGAAGAATTCC CAGGACG TACCAGT CTACTGGCTCATTA CATAACC AAGAGCAACACTAT GCATAGT TTACGAG AAAGGAA AACGCCA GATACAT CCCAATAGCAAGCA GTATCATTACCGCG AAGATTA TTAAATC TGAAGCC GAGGTTT CTTGCGG TTAACGA ACTGGTAATAAGTT GGAGTGT CTTTTGATGATACA TACATGG

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

AATTGGGCTCTGTA GAAACACCAGAACGAGTAGTA CTGACGA GCTTGCC AATCAGTGAATAAG TAATAGT GAGGGGG TTTGCCA AAGAAGT TTTGCAA AAACCAAGTACCCT GGGTATT CAAGAAC ATCATTC CCCTGTCTTTCCTT TAATTTG CAGAGCC AACGAGCGTCTTTC CAACGCT GAGGCAGGTCAGACGATTGAC GGAGGTT CGCCAGCATTGACA GAGCCGC

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

AGGAATTGCGAATA ACTAA AACCGGATAAGGAACA TGACAAG GTAATCT ATCAAGA AGAAAAGGCTGGCTGACCTTC ACAGTTC CTCAAATGCTTTAA TCCCATCCTCATTGAATCCCC AATAATA AATAGCAGCCTTAACAAGAAA ACGTCAAAAATGAA TTGTTTA TAAGAAACGATTTT GAACCGCCTCCCTCAGAGCAA ACCACCG CCGGAACCAGAGCC AAAATCA

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

TGAATTT TTCGAGG GCTTGCT AGGGAACCGAACCA AATCATA GACGGTC ATTAACGAGGCGCA CAAAAAG AAAGCGGATTGCAT CAGAAGC TTATAGT CTGACTA TCAGCTAATGCAGAACGCGCC AACATGT CAGAGGGTAATTACAATAAAC ACCCTGAACAAAGT CAAATTAACTGAAC ACAGAAT CGTAATCAGTAGCG GCAGCAC ATCGATA TGAAACC

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

CCCACGCATA ACCATCG GTATCATCGCCTCA GAGATTT AACAAAG AGCGCGA TATACCA ACACCCCCAGCGAT GAACCAG TCAAAGC AATAAATTCGAGCT AGCCAGT ATTTTCG ATTTAGGCAGAGGC ACATGTA AACGCCA TAGCCATATTTAAC ATAGCAA CAATGAA CAAGAAA AACAATAATAAGAG TTGAGCCATTTGGG CACCGAC TCACCGT TGAATTA TTAAAGG

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

ACCCTCA GATCGTC TTTGCGG ACCCGCT CGAAGGC GCCACTA ACGTAAT GTAAAAT TAAACGG CCTTTTGATAAGAT AATTGCT TACCTTT TAGAGAG CCAATTCTGCGAAT TTGATTC ATAACAG AAGTTTCATTCCAT TGTCTGG GAGGAAACGCAAGG GGAAACC ACCAGAA CAAAGTT GTCAGATAGCCGAA TCATATG AGAAAAT AATCAAT TTGTCAC GTTTATT GGAATAA

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

AAACAGGGCTTAAGCTA AATGAGT CTCCTGGTTGGTGT CTCTGAC ATCATTTCTCCGAA CACATAA CGGCTGACGCATTT CTTGAAT TAGGGGC ACGAATA GGTGGGC ACTCGTC GTAAGCA GCCATCT GACAGTGCGGCCCT TGATACC GACTCTA CTGGAGT GCTCGCC TCTAATCTATTTAC CCCCGCT TCCCGCCAAAATAA GACAATG ACCTTAT ATTGTCA GTGCTGA CTTAAGTGTCCTTA

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

CTGTAAATCTCCCCGGGT TGTGAGTGAATAACCTTGCTT CAATATA GTTATTACATAAAT AGGTTGG CCGGCTT TACCTTTTTAACCT TAGGTCTGAGAGAC TAGCACA GCAAGGCAAAGAAT CATACAG AATAAAT AACATCC TAGCATT GTAATTAATAGTAG TGCCTGA TATTTTAAATGCAA AAAATTTTTAGAACCCTCATA GGCGATCGGTGCGGGCCTCTA TGGGAAG

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

CACAATTCCACACAACAT TTAACCT AAAATTAATTACAT AGAAAAC TGAAACAAACATCA AAGATGA AAGACAAAGAACGCGAGAAGAGCAAAAG TTTCGCA TATACTTAGATACA TATGCGT AGTATCA CCTGTTT GAAAAAG ATTACTA ACACCGGAATCATA TAAATAA CCGGAGAGGGTAGC CTGATAAATTAATG GTTCTAG CTTGATATTCAACC GGCACCG GCTTTCC

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

TTAATTGCGTTGCG ACTCACA TTTGAATACAGCTA TGATTGC ATTCGCC CCAAACAATAACGG AACAGTG CGCCTGC TTAACAC TGAGGCGGTCAGTA ACAGAGG CAGCAGAAGATAAA GAACCAC TAAAAATACCGAAC TCGCCAT TCATATGTACCCCCTAAAACA AACTAGCATGTCAA ATCGTAA ATCGATGAACGGTA GTGCATCTGGCAAACAAGAGA CGTAACC

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

ATTGGGC GAGGCGGTTTGCGT AGGTTTAACGTCGA GATTTTC TTGCGTA AAAGAAA CATAAAACAGAAAT AATCAATATCTGGT AATATCAAACCCTC AACCTCA AATACGTGGCACTG GCGTAAG CCTGAAA CTTCTGA ACAGAGATAGAACC ATTTTGTTAAAATTCTGGCCA TTGTAAACGTTAAT ATTTAAA ACCCGTCGGCAAAT AGTAACA GTGAGCG ATTAAAT

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

GGTCCACGCTGGTT AGCAAGC GAGTTGC CCTGAGA TTCTGAATAATGGC ATTATAC TGTTTGG CATTTAT GATAATA GTCAATA TAGAGCC AATAGAT AACAACT GAGCACT TCTTTAG CTGAAATGGATTTA CAATCGT TGACGCT TACATTT AAATACC CTCATGG TGTTTTTATAATCG TGAGAAG AGAATCC GTACGCC AGGAACG TTTAGAC AAGGGAT CCGATTA AGCTAAACAGGAGG

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

AGATAGG TAGCCCG AAAAGAA ATAAATC ATCAGTT CCTGATT TCATATT ATTATCA GAGCGGA CCAGAAG GAAACCA GAACAAA TTTTGCG ATTATCA GAGTAAC AAAGTTT AATTTTA ATTTATT TGGTAAT GCCTTGC ACTATCG AACTCAA GTAGAAG TGCCTGA CATCACT GTAATAA TTGATTA TACTTCT GTAGCAA TGCCGTT CTATGGT GCGCGTA CTACAGG

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

ATGTG AAGGGGG TCTAGCTGGCGA

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

CAGTGCC CGACGGC TGTAAAA

G G T A A C G C C A G G G T T T T C C C A
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Supplementary Figure 2. Schematics of the DNA origami template. 
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Supplementary Figure 3. DNA sequences used for switching of the DNA origami template. a, Switching between 
the relaxed and the right-handed states. b, Switching between the relaxed and the left-handed states. In the relaxed 
state, the two bundles of the DNA origami are not linked by the azo-modified strands. Hybridization of the Azo-
modified DNA strands (Azo OND 1 and Azo ODN 2) results in the locking of the template into a configuration with 
well-defined handedness.   
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Supplementary Figure 4. Purification of DNA origami by agarose gel electrophoresis. Inverted photograph of a Sybr 

Gold stained 2.5% agarose gel under blue light (460 nm) illumination. The left lane contains the p7560 ssDNA 

scaffolds and the two right lanes contain the DNA origami structures after thermal annealing.  
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Supplementary Figure 5. DNA origami templates in the closed state after the gel purification. Right-handed 

structures (a, b) and left-handed structures (c,d). Scale bars: 100 nm. 
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Supplementary Figure 6. Right-handed DNA origami templates in the relaxed state after UV illumination. Scale 

bars: 100 nm. 
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Supplementary Figure 7. Right-handed DNA origami templates in the locked state after VIS illumination. Scale 

bars: 100 nm. 
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Supplementary Figure 8. Left-handed DNA origami templates in the relaxed state after UV illumination. Scale 

bars: 100 nm. 
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Supplementary Figure 9. Left-handed DNA origami templates in the locked state after VIS illumination. Scale 

bars: 100 nm. 
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Supplementary Figure 10. Examples of the acute angle characterization. Right-handed structures after UV (a,b) 

and VIS light  illumination (c,d). Scale bars: 100 nm. 
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Supplementary Figure 11. Examples of the acute angle characterization.  Left-handed structures after UV (a,b) 

and VIS light illumination (c,d). Scale bars: 100 nm. 
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Supplementary Figure 12. Acute angle distributions. The left-handed DNA origami templates after assembly and 

purification (a), UV (b), and VIS light illumination (c). The right-handed DNA origami templates after assembly and 

purification (d), UV (e), and VIS light illumination (f). The number of analyzed structures: 402 (a), 452 (b), 460 (c), 

510 (d), 463 (e), 541 (f).   
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Supplementary Figure 13. Purification of 
plasmonics nanostructures. White light image of a 0.5% agarose gel. AuNR dimers are separated from the excess of 
AuNRs and AuNR-DNA origami aggregates. The lowest broad dark band represents the excess of the AuNRs, which 
run fastest, followed by the AuNR dimer band and the bands containing aggregates of the DNA origami template 
structures and AuNRs. 
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Supplementary Figure 14. Wide-field TEM images of the assembled AuNR dimers. Scale bars: 200nm. 
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Supplementary Figure 15. Normalized UV-Vis absorption spectrum of the AuNRs functionalized with thiolated 

DNA after purification. The shorter wavelength resonance around 512 nm corresponds to the transverse plasmonic 

mode of the AuNRs, in which the plasmons are excited along the width of the AuNRs. The longer wavelength 

resonance around 755 nm corresponds to the longitudinal plasmonic mode of the AuNRs, in which the plasmons are 

excited along the length of the AuNRs. 
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Supplementary Figure 16. Optical characterizations of the light-driven left- and right-handed plasmonic structures. 

a, CD spectra of the left-handed plasmonic structures. b, Absorption spectrum of the left-handed plasmonic 

structures in the relaxed state. c, CD intensity recorded at 720 nm (dashed line in a) during alternative UV and VIS 

light illumination in multiple cycles. d, CD spectra of the right-handed plasmonic structures. e, Absorption spectrum 

of the right-handed plasmonic structures in the relaxed state. f, CD intensity recorded at 720 nm (dashed line in d) 

during alternative UV and VIS light illumination in multiple cycles. The error bars represent one standard deviation 

from the mean. 
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Supplementary Figure 17. Calculated CD spectra of the crossed AuNR dimers. a, CD spectra for the locked (right-

handed) and the relaxed states. The calculations were carried out with the following parameters; AuNRs: 38 x 10 

nm, surface to surface interparticle separation: 25 nm. b, CD dependence on the interparticle distance between the 

rods (in the right-handed configuration). The CD amplitude decreases as the interparticle distance increases. 
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Supplementary Table 1.  Staple sequences of the DNA origami template. 

 

Staples  Length (nt)   Start End 

          

AACGAGCGTCTTTCGCCATATTTGTTTAGAAGCGCATTAGAC 42 "core" staple 4[202] 7[202] 

AGGTTTAACGTCGACACCGCCTGGAAGGGTTAGAAGATTTTC 42 "core" staple 22[62] 22[63] 

TACTTTTTCTAATCTATTTACAGAAAGGTGCCTGAAACAGTGAGGCCAC 49 "core" staple 15[196] 25[202] 

AAGAAGTCCAAAATTAGAGAGCTTAATT 28 "core" staple 4[118] 13[118] 

TTTGAGATGTTTTTATAATCGCATTCGC 28 "core" staple 19[196] 23[195] 

AATTTTAATTTTCAGCAAGGCAAAGAAT 28 "core" staple 26[146] 16[133] 

TCGACAAATTATCAGTCAATATAGGTCTGAGAGACGTGAATTACGAATA 49 "core" staple 25[119] 14[112] 

ACTCGTCAATCGGAGAGTAACCTCGTATGAGCACTGGAAGGTAACCTCA 49 "core" staple 14[132] 22[126] 

CTCATAATGTTTAGACACCCCCAGCGATAAGAGGA 35 "core" staple 5[84] 9[90] 

CATAACCTTATTACCCCTCAGAACCGCCCCAGGTCATTTTTG 42 "core" staple 2[97] 13[97] 

CCGGCTTAGACGCTCGGCTGACGCATTTCCCAAATGAGCGGATGGAGGA 49 "core" staple 16[97] 25[90] 

TGTCCATCACGCAAATTAACTTTTAGACAATAGGAACCCGTCGGCAAAT 49 "core" staple 25[217] 22[224] 

AATTAATTTTCCCTCTCCTGGTTGGTGTGTGGACT 35 "core" staple 15[42] 27[48] 

AGGGAGCGCCATCTAAAGCCTCAGAGCA 28 "core" staple 27[140] 15[153] 

GTCAATACTAACTTTTTCAAATTAACACGCAAATGAAAAATC 42 "core" staple 24[104] 21[118] 

TATTCTGAAATAAAGGTGGAATAAATTGAGGTTAAAGGTAGCAAG 45 "core" staple 0[261] 9[258] 

TATACTTAGATACATTTCATCACAGAGGTCACCTTGCAGACA 42 "core" staple 18[139] 21[139] 

GGCAATTTTCTGAATAATGGCAGTTACAAAAATTAATTACAT 42 "core" staple 25[63] 18[49] 

GAGATTTACCTAAAACGAAAGGCCACTAAATCATTTTGGGAAGAATTCC 49 "core" staple 10[55] 2[49] 

CCAAAGAAGAAAATACAAACAACTGGTAATAAGTTCAGTGCCTCAAGAG 49 "core" staple 11[224] 0[217] 

GTGGTTGTGGGAAGGGAAACCAGGCAAA 28 "core" staple 15[252] 17[265] 

CATACAGTTTGGGGAGTATCATAATGGTGAACCACTGAATGG 42 "core" staple 16[153] 21[153] 

AACCGCCGAGGCAGGTCAGACGATTGACCACGCCACCCTCAG 42 "core" staple 5[224] 5[223] 

GTTTGATGGTGGTTCCGTAGCCCGTGTTATCCTGTAAATCTCCCCGGGT 49 "core" staple 25[25] 16[24] 

AACGGCTAGGGATAAAACTACAACGCCT 28 "core" staple 13[35] 1[48] 

GGAGGTTACCCTCAACCACCGTAGCGCGTTTTCATATCGATAAGCACCA 49 "core" staple 4[237] 9[244] 

CGAGTAAGTAATAAAGGGTGATATTTTAAATGCAA 35 "core" staple 25[203] 16[196] 

AGAATCCAAATCAGTTGTAAACGTTAATCCCCAAAAACTAGCATGTCAA 49 "core" staple 24[216] 20[196] 

ACCATCACACATAAGATAGCTTAGATTAAGGTTGG 35 "core" staple 27[77] 16[84] 

GAGGTTTTTTTAGCGCGGGGTTTTGCTCAGAACTG 35 "core" staple 2[202] 13[195] 

AATATCAAACCCTCTTGAAAGGAATTGAAACAACTTAGTTAATTTCGCA 49 "core" staple 22[125] 18[119] 

GAAACACCAGAACGAGTAGTAGTGAGAA 28 "core" staple 4[62] 5[48] 

AGCTAAACAGGAGGAATTCGCATTAAAT 28 "core" staple 24[265] 22[252] 

AATTGCTGACGACGATAAAAATTTGCCAAGCGTCCACAGTTC 42 "core" staple 12[104] 6[105] 

CTTGATATTCAACCTGAGAGTCTGGACCAAGGGATTTGACGA 42 "core" staple 18[244] 25[244] 

AAAGAAATTACATCGGGAGACGCTGAGACATAAAACAGAAAT 42 "core" staple 22[83] 22[84] 

AAGATTAGTATTCTGGCGGATAAGTGCCACTAATAACGGAAT 42 "core" staple 2[181] 13[181] 

TTTGCCCGAACGCCCTGAAATGGATTTACTAAATTTATGCGT 42 "core" staple 25[140] 18[140] 
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AAGGATTCCTTATTGTCAGATAGCCGAACTGAATCCTTGCGG 42 "core" staple 0[216] 2[203] 

CCTCATTTTGTCACAGAAAATACATACACATGAAAAACAGTT 42 "core" staple 3[238] 1[251] 

GCATAGTATCAGTTTCAGGAGGTTTAGTCTTAGAGTACCTTT 42 "core" staple 2[118] 12[105] 

ATTTAAACTCATTTTTTAACCAGGAACGCATTGCCGTTCTAG 42 "core" staple 22[223] 18[224] 

CGTAATCAGTAGCGAGAGCCAGCAAAATTTGAGCCATTTGGGACCAGCG 49 "core" staple 8[230] 11[223] 

ATTAACGAGGCGCAAACGGTGATCAAGA 28 "core" staple 8[90] 6[77] 

GAGGCTGCAAACGTAATCAATCAAAAGGCACCGACCACCAGTGCAGCAC 49 "core" staple 0[237] 8[231] 

AAACAGGACGTCAAAAATGAATTACAAATAGCCATATTTAACCGGAGCG 49 "core" staple 7[182] 9[174] 

AATACGTGGCACTGTATCTAAAAATTTACATTGGCGCGTAAG 42 "core" staple 22[146] 22[147] 

TTAACGATTGCCTTGATATTCTCATATGACGCAGT 35 "core" staple 2[216] 13[223] 

TTCGAGGAATTGTAAGGAATTGCGAATAACAGTTTACCATCGGCTTGCA 49 "core" staple 8[41] 11[34] 

AAGACGGAGGAGTAAACAGGGCTTAAGCTA 30 "core" staple 15[22] 14[18] 

GAGGAAACGCAAGGTAATTGAGAATCGCTATCTTAGGAAACC 42 "core" staple 12[181] 12[182] 

ACAGACATTAATTTCAACTTTCGAAGGCCTTTGAG 35 "core" staple 2[48] 13[55] 

ATGTTAGAGACTCCTTGAGTAACAGTGCGGAGTGTAATAAAT 42 "core" staple 13[224] 3[237] 

CAATATCCTATGGTGTGTAGCGGTCACGGTGCTGACCTCTAA 42 "core" staple 17[238] 15[251] 

AATAAATTCGAGCTCAGGTCAGGACGAGTAGATTTAGCCAGT 42 "core" staple 10[125] 10[126] 

CGGAGACTACTTCTCGGGCGCTAGGGCGGACAATGACGCAAGATGTG 47 "core" staple 17[217] 36[226] 

TATTACCGCCTTGCTGAAAAGAACATCC 28 "core" staple 25[161] 16[161] 

TTTGGGGCTTGAATGAGAAGAGTCAATATACCTTTTTAACCT 42 "core" staple 27[98] 16[98] 

CATTTATATTATTTGCACGGTTGGCAAA 28 "core" staple 24[90] 23[104] 

ACTAATCGGTTTATTGACCAACTTTGAACCGGATAAGGAACA 42 "core" staple 6[46] 6[47] 

TGATTGCAGTAACAGTACCTTTTGCGTACCTACCA 35 "core" staple 20[69] 23[76] 

GCACGTAGCGCGTATGGTGCCGGCGATCGGTGCGGGCCTCTATCACCAT 49 "core" staple 25[245] 17[237] 

ACCAGAACCGAAGCCAATGAAATAACCCACCCTGAACAAAGT 42 "core" staple 12[195] 8[182] 

GGGAACAAGTAACAACGCCATCAAAAATCCGATTAAGTTTGAGGCACCG 49 "core" staple 21[238] 18[245] 

ACCCAAAAGTACCAAAGAACGCGAGGCGTGAAGCCGCTACAA 42 "core" staple 13[182] 3[195] 

TTATCAATCCCATCCTCATTGAATCCCCAGGTCTTTACCTGT 42 "core" staple 7[140] 7[139] 

AGTAATAAAAGGGACTCATGGGCGTTAAATAAGTT 35 "core" staple 23[175] 19[195] 

TTAACCTGCCTAATGAGTGCACCTGAGACAAAATCCCATGAT 42 "core" staple 18[48] 25[62] 

CTATTAGCCTGAAAAGATTCACCAGTCATGACGCTACCGACCGAAAAAG 49 "core" staple 21[154] 18[161] 

AGAGCCAAATCTACGTTAATACAGGACGGTGAATTCTGACGA 42 "core" staple 0[62] 4[63] 

GGGAGTTAAAGGCAGTATCATCGCCTCACAGCGGAAATTGGGCTCTGTA 49 "core" staple 11[35] 4[28] 

GTTATTACATAAATACATAGCATCATTTCTCCGAAGGCCCACCCTGATT 49 "core" staple 16[83] 26[63] 

CTTAAGTGTCCTTACTGCGCGCTACAGGTAACGTG 35 "core" staple 14[265] 25[258] 

TTTGCGGAGATGGTGCCCTCATAGTTAGCCAGTACGCAAGCCCAATAGG 49 "core" staple 12[41] 0[21] 

GTGTGATTCGCCATTGCGCGAACTGATAACAGAGATAGAACC 42 "core" staple 19[168] 22[168] 

AATGCCCTACATGGGAATGGAGAGCCGC 28 "core" staple 1[252] 4[252] 

AGCACTAGGTGGGCTATCAAAATAAATTAAGCAATGTAAGCA 42 "core" staple 27[119] 14[133] 

CAGAGGGTAATTACAATAAACTGTACAGAGAGAATAACATAA 42 "core" staple 8[181] 7[181] 

CATTTGAATAAATCCCAACGTGGGCGATCTCTGACTAGAATC 42 "core" staple 17[49] 15[62] 

AATAATACAATAGATAAGTCCAACATGTTTCTGTC 35 "core" staple 6[153] 9[160] 
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GCTGAATACCGTACGAGATTTAGGAATAAAAGGAAGGGCACT 42 "core" staple 13[119] 3[132] 

TATCAAATGTTTGGCGAATTATTCATTTCCAAACAATAACGG 42 "core" staple 23[77] 20[77] 

GGGAGAGTAAGAAACGATTTTTATTTATCAAGAAACCTTTTT 42 "core" staple 7[203] 11[202] 

ATTAAATTTTTGTTTGAGAAGGATCTACCCGGAGAGGGTAGCATTCAAA 49 "core" staple 23[196] 17[202] 

GTAGCAACCACCCTCATTTTCACAGAGGACCCGCT 35 "core" staple 1[49] 12[42] 

TGAAACCCGGCATTCCGGAACCAGAGCCGAGCCACTCACCGTGCGACAT 49 "core" staple 8[251] 11[244] 

AACGCCACCACATTGGAATAGGTGTATC 28 "core" staple 2[139] 0[126] 

TAGAGCCTCAACAGAATCAATATCTGGTGCCAGCACGCCTGC 42 "core" staple 24[111] 20[98] 

AGAAAAGGCTGGCTGACCTTCTACAGACCAGGCGCCAAAAAG 42 "core" staple 6[104] 8[91] 

ATCATTCTTTTATTAAGTTTCATTCCATCCAACGCTCAACAG 42 "core" staple 4[160] 11[160] 

GCTTGCCACCTTATGTAAAATTCATGAG 28 "core" staple 4[76] 13[76] 

TAATAGTTTTACCACCTTTTGATAAGATCACTCATCTTTGCGGAAGCAA 49 "core" staple 4[97] 11[104] 

CAGACGAAACGCCAATCAATAATCGGAGAATAGCAGCCTTAACAAGAAA 49 "core" staple 9[161] 6[154] 

ATCAGTTATTACCTTGTGAGTGAATAACCTTGCTTCGAATTT 42 "core" staple 26[62] 17[48] 

TAGAATTCATTACCCAAATCATGACAAGAAAGAGG 35 "core" staple 5[49] 7[69] 

CAGATATGGGTTGATATAAGTTTTTAAATATGCAA 35 "core" staple 1[154] 13[160] 

ACTCACAACGCGCGGGAGATGAATATACTTTGAATACAGCTA 42 "core" staple 20[48] 20[49] 

CAAAAGGAGCCTTTTGAATTTCAATGACAAGATAAATTGTGTGCTTGCT 49 "core" staple 7[21] 8[42] 

TCAACCGGTTTATTAAAGCCACTTTTGATGATACACCGTATAGTATTAA 49 "core" staple 11[245] 0[238] 

CATCGAGTTGATTCTGTAGCTCAACATGATAGCCCCAACTAATGCAAAT 49 "core" staple 3[133] 1[153] 

TTTTATCCAAAGTTGCATGATTAAGACTAGGATTAGAACCTCCCGGGGT 49 "core" staple 3[196] 1[216] 

AGAAAAGATTTTGTTAAAATTCTGGCCAGCCGGTTGATAATC 42 "core" staple 21[196] 21[195] 

AAAGTAATCAGCTAATGCAGAACGCGCCTACCGACAAAAGGT 42 "core" staple 9[147] 9[146] 

AAAAGAAAAATCGGGAGTTGCTGCCCTTGAGGCGGTTTGCGTTCGGC 47 "core" staple 26[48] 21[39] 

AGCTGATAGCAAGCCTGGGGTCACAATTCCACACAACAT 39 "core" staple 23[35] 18[24] 

ACTCCAATCAAAGCCAAATATAAAGCGGATTGCATATACGAGAATGACC 49 "core" staple 11[105] 7[111] 

ATAAATCCAGAAGCCGCGTTTTAGAGAATATAAAGCTGACTA 42 "core" staple 7[112] 8[126] 

GCTTTCCGGGGACGCGTAACCGATTGACCGTAATG 35 "core" staple 18[258] 21[265] 

ACAGATGGACGGTCTGTTACTTAGCCGGTATACCAAAAGCTG 42 "core" staple 7[70] 5[83] 

AAGAAAAGTAAGTTAACAATAATAAGAGCCCAATCCAACGCT 42 "core" staple 11[203] 4[203] 

CAGACTGGAACCGCCTCCCTCAGAGCAATTTGCCTTTAGCGT 42 "core" staple 7[224] 7[223] 

AGAGCCGAAAATCATTCGGTCATAGCCC 28 "core" staple 5[252] 7[265] 

TTACCATTGAATTACACCCTCCGCCAGCATTGACA 35 "core" staple 9[245] 4[238] 

AAACCAAGTACCCTGTCATAAATATTAA 28 "core" staple 4[139] 5[139] 

ATAATCCATTATCAAGATAACTATATGTAAGATGA 35 "core" staple 25[77] 18[84] 

GCTGCATTAATGAAATTGGGCGGGCAAC 28 "core" staple 21[21] 23[34] 

TCGGAACGAACCCTCACGCTGAGCCCACGCATA 33 "core" staple 13[19] 10[18] 

TACCAGTAAACGAAGAACCGCCACCCTC 28 "core" staple 2[76] 0[63] 

TAAAGCATGAGGCGGTCAGTATATATTTAATAGAT 35 "core" staple 21[119] 24[112] 

GTGAAATAGATAGGCACTATTAAAGAACAATGAGTCGCTATT 42 "core" staple 17[28] 15[41] 

ATTGTCACCAGGGTTTTCCCATGTAAAACCAGG 33 "core" staple 14[244] 37[249] 

GTGAGCGAACGGCGGTGCATCTGGCAAACAAGAGATCTCCGT 42 "core" staple 22[251] 21[237] 
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GTAATCTACGTAACAGCGCGAAGAATACACTAAAATAAACGG 42 "core" staple 6[76] 12[77] 

CTTGAAACAATATATTTTTAAAGAAAACAAATCGC 35 "core" staple 15[63] 19[69] 

CCCAATAGCAAGCAAAGCCGTCAAGAACGCATGTAGAAACCAACATGTA 49 "core" staple 2[160] 10[154] 

CATTAATTGCGTTGCGGTAAAGCGGTCCACGCTGGTT 37 "core" staple 21[40] 24[21] 

AATAAATTAAAGCTGACAGTGCGGCCCTCCCCGATATTTATT 42 "core" staple 16[160] 26[147] 

AGATTGTATAAGATATCGATGAACGGTAATCAGGTGTACGCC 42 "core" staple 21[217] 24[217] 

CGTGGCGGCTCGCCTTATGACCCTGTAATGCCTGA 35 "core" staple 27[182] 16[189] 

CAGGAAAGTAGAAGACGTGTAGGTAAAGTAAATAA 35 "core" staple 25[182] 18[189] 

GTAGCAAAGTCAAAAAAATTTTTAGAACCCTCATAGAAAGGC 42 "core" staple 26[230] 17[216] 

GACTCTAGGAAAGCACTATCGGCCAGCCTACATTTCACGACC 42 "core" staple 14[174] 23[174] 

TTGACGGTGATACCAAATCGGTTGTACCTAGCATTGTGGCATATTACTA 49 "core" staple 27[161] 18[168] 

TCTAGCTGGCGAGGAGAAGCGACGGC 26 "core" staple 36[249] 38[238] 

TAAATGAATTTTTGGATCGTCGGGTAGC 28 "core" staple 3[21] 13[34] 

GTAATTAATAGTAGAAAAACACTGGAGT 28 "core" staple 16[188] 14[175] 

CGAGCTTTCTCAAAGGGGGGATTCGCTATTACG 33 "core" staple 37[226] 15[244] 

CAGTGCCGGTAACGACCTTATCTGGCAATGCCGTT 35 "core" staple 38[237] 26[231] 

Right-handed structures only 

AAGCCTTTATTTCATCCCGCCAAAATAAAAAGGAGTTGATTAAAGAGTC 49 "core" staple 15[210] 25[216] 

Left-handed structures only 

AGGGAACCGAACCACGAAATCCGCGACCTACAACG                 35 "core" staple 8[62] 10[56] 

          

          

Modified staples and Azo modified oligos1 Length (nt)   Start End 

          

CGGATGGACCGCCAAGGTAGAAAGATTCAAGAGCAACACTAT   AAAAAAAAAA   52 nanorod handle 13[98] 2[98] 

AACAGTGCAATTACGATAATATTTAGAA   AAAAAAAAAA 38 nanorod handle 20[97] 25[97] 

CTAATATCAGAGAGATAGCAAATAAACACAGAGCC   AAAAAAAAAA 45 nanorod handle 9[175] 4[182] 

AAGACAAAGAACGCGAGAAGAGCAAAAGAAATGCTCCAGAAGCAAGTTT   
AAAAAAAAAA 59 nanorod handle 18[118] 27[97] 

TAGGGCTTGTCTGGTTCATCGTAGGATGCCCTGTCTTTCCTT   AAAAAAAAAA 52 nanorod handle 11[161] 4[161] 

GTATTAGGAAACCAGATGCAAATCCAATCGCAATGTTTTGCGGCCGTAA   
AAAAAAAAAA 59 nanorod handle 25[98] 27[118] 

GAAGTTTACCCTCACTAACGGAACAACACTACTGGCTCATTA   AAAAAAAAAA 52 nanorod handle 13[77] 2[77] 

CTAAAGTGTCGAGAAGAAGGCTTATCCGGTATCATTACCGCG   AAAAAAAAAA 52 nanorod handle 13[161] 2[161] 

TGAAACAAACATCATGGAAACTCATATTTACGTGA   AAAAAAAAAA 45 nanorod handle 18[83] 27[76] 

AGCCCGAAAGACTTGAACCAGACTGGATGAGGGGG   AAAAAAAAAA 45 nanorod handle 9[91] 4[98] 

CCTGTTTCGCGAGCTGGTAATTTAGAGC   AAAAAAAAAA 38 nanorod handle 18[160] 27[160] 

TTATAGTAAAAATCCTCAAATGCTTTAAAATACTGCGGAATCTTTGCAA   
AAAAAAAAAA 59 nanorod handle 8[125] 4[119] 

ATTCGCCGCAGAGGATTATACCATCAAT   AAAAAAAAAA 38 nanorod handle 20[76] 25[76] 

GCGATTTTAAGACGAATCAGTGAATAAG   AAAAAAAAAA 38 nanorod handle 3[77] 4[77] 

TCATATGTACCCCCTAAAACAAAATAAGAAATACCATTGCAA   AAAAAAAAAA 52 nanorod handle 20[195] 25[181] 

TAATTTGCTATTTTGCACCCATTAAATC   AAAAAAAAAA 38 nanorod handle 4[181] 2[182] 

TAGCACAACCTGTTTAGCTATAAAGTTTACCCTAA   AAAAAAAAAA 45 nanorod handle 16[132] 27[139] 
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CTTCTGATCTTTAATAAAAATACCGAACTTGAAATCAATCGTAGAACAA   
AAAAAAAAAA 59 nanorod handle 22[167] 25[160] 

ACACCGGAATCATACAATTCTAACTCAACGGCGAA   AAAAAAAAAA 45 nanorod handle 18[188] 27[181] 

ATTTTCGAGACCAGTATAAAGATAACAGAACAAGCGATACAT   AAAAAAAAAA 52 nanorod handle 10[139] 2[140] 

ATTTAGGCAGAGGCTTTACGAGGGTATT   AAAAAAAAAA 38 nanorod handle 10[153] 4[140] 

TAGGGGCTCGAGGTGAACAAAACTTTACAAACAAT   AAAAAAAAAA 45 nanorod handle 14[111] 25[118] 

ATAATGCCCAATTCTGCGAATAGCGAGATTACGAG   AAAAAAAAAA 45 nanorod handle 13[126] 2[119] 

ATATTTTCAGCAGAAGATAAATTCTGACTCTTTAGTAAATCC   AAAAAAAAAA 52 nanorod handle 21[140] 25[139] 

          

 Right handed         

GACTAAAGACTTTTACGTAATAGGCAAAAACAAAGTGCTCCAAATCATA– 
–tt GCATGTTCGCTCGCTAGGTT   71  13[56] 8[63] 

CTGATAAATTAATGAAAGGCTATCGTAAAACAGGA– 
–ttt–S–S–CGTXTAXGTXTCA   RH Azo-ODN 1  18[223] 21[216] 

TGXAAXCTXAAXCG –S–S–ttt AAC CTA GCG AGC GAA CAT GC  RH Azo-ODN 2   

Left handed     

CATCACTAAGGGAAGAAAGCGCCCCGCTGCGGGAG–  
 –tt CACACAGTAGATCAGAATTG  57  26[202] 15[209] 

CAAATTAACTGAACACAAGAATTGAGTTAAGCCTTACAGAAT– 
–ttt–S–S–CGTXTAXGTXTCA   

LH Azo-ODN 1 
 8[209] 8[210] 

TGXAAXCTXAAXCG –S–S–ttt CAA TTC TGA TCT ACT GTG TG  LH Azo- ODN 2   
 

1 Modifications introduced to the staple strands are highlighted with bold fonts.  

Thymines used as spacers are highlighted with the lowercase font, t.  
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Supplementary Table 2.  Thermal annealing temperatures and times for DNA origami folding. 

 

 

Temperature, oC Time, min 

80 15 

79, 78, …, 72, 71 1 

70, 69, 68 5 

67, 66, 65, 64, 63    10 

62  15 

61  20  

60  30  

59, 58,…, 39, 38  60  

37, 36 45 

35  30 

34 20 

33, 32 10 

31, 30,…, 26, 25 5 

24, 23, 22, 21 2 

20 Hold  
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Supplementary Methods 

 

Design of the DNA origami templates 

The DNA origami template structures were designed using caDNAno software1. The origami template 
consists of two 14-helix bundles (80 nm × 16 nm × 8 nm) linked together by the scaffold crossing over 
twice between them at one position (Supplementary Fig. 1). The two crossings have an 8 nt region of the 
unfolded scaffold, which serves as a spacer. Twelve binding sites along two parallel lines are extended 
from each origami bundle for robust assembly of one AuNR (see Supplementary Fig. 2). The length of the 
two lines (~36 nm) is designed to match the length of the AuNRs (38 nm). The distance between the two 
lines is ~4.4 nm.   

The DNA origami template structures were functionalized with additional ssDNA strands with 
azobenzene modifications for controlled light-induced conformation switching. Specifically, the structures 
can be switched between the relaxed and left-handed configurations, or the relaxed and right-handed 
configurations.     

 

Azobenzene-modified DNA strands 

Four DNA strands modified with azobenzene modification were used (RH Azo-ODN 1, RH Azo-ODN 2 
for the right-handed and LH Azo-ODN 1, LH Azo-ODN 2 for the left-handed configuration, see 
Supplementary Table 1 and Supplementary Fig. 3). These four strands were obtained from two 
azobenzene-modified segments (Azo-ODN 1 and Azo-ODN 2) linked to four different single-stranded DNA 
strands through disulfide following the previously described procedure2,3. RH Azo-ODN 1 and LH Azo-ODN 
1 were linked to the staple strands, whereas RH Azo-ODN 2 and LH Azo-ODN 2 were linked to the DNA 
strands which constitute part of the double-stranded branch linking the two DNA origami bundles 
together into the locked configuration (see Supplementary Fig. 3).  

Azo-ODN 1 and Azo-ODN 2 contain three and four azobenzene modifications, respectively. Multiple 
azobenzene modifications are required for efficient photoregulation of DNA hybridization4,5. 

 

Folding of the DNA origami template structures  

For preparing the DNA origami template structures, the sample prepared for thermal annealing 
contained: 10 nM of the p7650 scaffold,  100 nM of each unmodified staple, 30 nM of the modified staples 
13[56]-8[63]/26[202]-15[209] for the right-/left-handed structures, and 50 nM of Azo-ODN 1, Azo-ODN 2 
modified staples and oligos. All DNA strands were mixed in 1x TE buffer (10 mM Tris, 1 mM EDTA, pH 8) 
together with 20 mM of MgCl2 and 5 mM of NaCl. The mixture was then exposed to a thermal annealing 
ramp; first heated up to 80°C for 15 min, then  slowly cooled down to 20°C (see Supplementary Table 2).  
 

Purification of DNA origami structures  

The DNA origami template structures were purified by gel electrophoresis (Supplementary Fig. 4). After 
annealing, the sample contained DNA origami structures in both “relaxed” and “closed” states. To purify 
structures in “closed” state from those in “relaxed” and extra free staples, we ran a 2.5% agarose gel in a 
0.5 x TBE buffer with 11 mM MgCl2. After staining with Sybr Gold (Invitrogen), favored band (labelled as 
“origami structures in “closed state” in Supplementary Fig. 4) was cut out and the DNA origami template 
structures were extracted with Freeze `N Squeeze spin columns (BioRad).   

The concentration of the origami structures after purification was estimated using UV-Vis absorption 
spectroscopy. For estimation, we used an extinction coefficient of 1.3 M-1cm-1 at 260 nm. The purified 
templates in “closed” state were later used for AuNR assembly.  TEM images of the purified DNA origami 
template structures are shown in Supplementary Fig. 5. 
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Functionalization of the AuNRs with DNA 

Functionalization of the AuNRs with thiolated DNA (SH-5’ T16, biomers.net) was carried out following 
the low pH route6,7.  One milliliter of 1 nM AuNRs was mixed with 50µL of 1% sodium dodecyl sulfate 
(SDS), 100 µL of 10X TBE, and 5 µL of 1mM DNA. Hydrochloric acid (HCl) was used to adjust the pH value 
of the solution to 3. Before being added to the AuNR solution, thiolated DNA strands were incubated with 
Tris(carboxyethyl) phosphine hydrochloride (TCEP) for at least 30 min in order to reduce the disulfide 
bonds.  

After incubation of the AuNRs with DNA for 1 hour, 0.5 M NaCl was added to the solution. The solution 
was then gently shaken for at least 3 hours.  During this step, the solution became slightly cloudy due to 
the fact that cetrimonium bromide (CTAB) was replaced from the surface of the AuNRs by thiolated DNA.  
Upon being warmed up to ~ 35oC for 5 min, the solution became clear again.  

The AuNRs covered with DNA were purified from free DNA strands through centrifugation. At least 4 
centrifugation steps were used (6000 rcf, 20 min). Each time, the supernatant was carefully removed and 
the AuNRs were re-suspended in 0.5x TBE buffer containing 0.03% of SDS.  The final concentration of the 
AuNRs was estimated with UV-Vis absorption spectroscopy using extinction coefficient of 9.5x108 M-1cm-

1 for the longitudinal plasmon resonance of the AuNRs (see Supplementary Fig. 15). We used AuNRs with 
dimensions of 10 nm x 38 nm as specified by supplier (Sigma-Aldrich, cat no. 716812). By utilization of 
AuNRs of smaller sizes or silver enhancement8, the CD response of our plasmonic nanostructures can be 
shifted to shorter wavelengths.  

 

 Assembly of the AuNRs on the DNA origami template structures 

The purified AuNRs were added to the purified DNA origami template structures in an excess of 10 
AuNRs per DNA origami structure. The mixture was annealed from 40oC to 20oC over 15 hours. Additional 
annealing was crucial for achieving high yield of AuNR assembly. In contrast to our previous work9, we 
used slightly longer AuNR capture strands (A10 instead of A8) on DNA origami structures in order to ensure 
stable attachment of nanorods at 40oC used  during CD characterization.  

After thermal annealing, second agarose gel purification step (0.5% agarose gel in 0.5x TBE buffer with 
11 mM MgCl2) was used to separate the origami template structures assembled with two AuNRs from the 
AuNR excess as well as agglomerates containing a higher number of AuNRs and origami template 
structures. As shown in Supplementary Fig. 13, the band of the AuNR dimers on DNA origami was nicely 
separated from other products. This band was cut out from the gel. Then the structures were extracted 
with Freeze `N' Squeeze spin columns (BioRad) and used in CD measurements.  

 

 UV-Vis and CD characterization 

CD and UV-Vis characterization was performed with a J-815 Circular Dichroism Spectrometer (Jasco) 
using Quartz SUPRASIL cuvettes (105.203-QS, Hellma Analytics) with a path length of 10 mm. 
Complementary UV-Vis characterization was performed with BioSpectrometer (Eppendorf). 

In general, the CD signal increases linearly with the sample concentration. To obtain a good signal to 
noise ratio, we performed the measurements at concentrations corresponding to absorption values in the 
range of 0.2 – 0.5 at the longitudinal plasmonic resonance.  

For CD characterization of the conformational switching, a 80 µL solution containing ~0.2 nM of the 
AuNR dimers was used. The absorption was ~0.4 at the longitudinal plasmon resonance. To ensure good 
switching efficiency, reliable functionality of the DNA assemblies and simultaneously avoid origami 
damage, the sample was kept at a temperature of 40 °C and pH 8 during the CD characterization. During 
the CD measurements, the cuvette was closed with a transparent lid to prevent solution evaporation. 
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Experiments on monitoring the conformational switching (Fig. 3d in the main text) were performed in 
the following way. The CD spectrometer was set to the time scan acquisition mode with a monitoring 
wavelength of 720 nm and a data pitch of 1 second. During UV/VIS light illumination the shutter of the CD 
spectrometer was closed. CD levels were measured for about 10 seconds with light UV /VIS  illumination 
being switched off. Data points in Fig. 3d in the main text represent the mean value of measured CD.  

Reversibility of the conformational switching (Fig. 4b in the main text and Supplementary Fig. 16 c,f) 
was examined by alternative UV and VIS light illumination in cycles for 15 and 10 min per exposure, 
respectively. After illumination, the CD signal was measured at 720 nm for about 1 min using the time 
scan acquisition mode of the CD spectrometer. Data points in Fig. 4b in the main text and Supplementary 
Figs. 16c,f represent the mean value of measured CD.  

  

Theoretical calculations  

Theoretical calculations were performed using commercial software COMSOL Multiphysics based on a 
finite element method. The origin of the bisignate CD in the plasmonic cross configuration is a 
consequence of interaction between the plasmons excited  in the two AuNRs10,11. The CD signal was 
calculated as a difference in extinction for the left- and right-circularly polarized light. Since the plasmonic 
assemblies were dispersed in a solution, we carried out orientational averaging12. Averaging over all 
possible orientations at defined light incidence is equivalent to averaging over all incident directions of 
light for a nanostructure with defined orientation. It has been demonstrated both analytically and 
numerically13,14 that averaging over six orthogonal directions of light incidence is sufficient to give accurate 
CD. In order to account for the inhomogeneous broadening due to the polydispersity of the AuNRs, the 
experimental dielectric function of Au was modified by including an additional term: 

 

effective bulk correction( )= ( )+ ( )      ,      (1) 

 
where the dielectric function of bulk Au, εbulk is from Ref. 15 , and the correction term is introduced 
following a standard approach16 
 

2 2

p p
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
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.         (2) 

 
The ωp = 8.754 eV and γ = 0.0724 eV are the Drude parameters, respectively. Γbroad is 0.290 eV.     
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