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The purpose of this study is to examine Bioluminescence Resonance Energy Transfer (BRET) 

efficiency on DNA Origami between luciferase (donor) and fluorescent dyes (acceptor). We 
have reported efficient BRET at the ends of complementary double-stranded DNA. In this 
method, however, there is a limitation in the number of acceptors. We therefore placed a 
luciferase on a stick-like DNA Origami together with up to seven fluorescent dyes within a 
distance less than 10 nm. 
 Conjugation between staple DNA and luciferase was performed via Cu-free click reaction. 
Introduction of the substrate for luciferase, resulted in strong acceptor fluorescence. 
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当研究室では、相補的な二本鎖 DNA の末端にドナーである発光タンパク 1)とアク

セプターである蛍光色素を修飾した系で、効率的な BRET を引き起こせることを報告

している。しかし、この系でドナーに対するアクセプター分子の数を増やすには上限

がある。そこで本研究ではさらなる BRET 効率の向上を目的とし、スティック型の

DNA オリガミ構造体 2, 3) に発光タンパクを結合し、10 nm 以内の位置に最大 7 分子の

蛍光色素を配置した。 
発光タンパクの staple 鎖への結合は、銅フリークリック反応を活用した。系中に発

光基質を加えることにより、さらに効率的な BRET を誘導することに成功した。 
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ACCTATCC CATTA CGGTCAAT CCGCCGTT TGTTCCCA    GGTTCTTG TCAAG ATTACTCT TGATGAAG GTCAGCCA   CAAATCTC CGTTGTAC TTTGTTTCGC GCTTGGTA TAATCGCTG GGGGTCAAAG ATGAGTGT TTTAGTGT ATTCTTTT GCCTCTTT    GGGCGATG GTTGTTGT CATTGTCGGC GCAACTAT CGGTATC AAGCTGTT TAAGAAAT TCACCTCG AAAGCAAG    CTGATAAA CCGATACA ATTAAAGGCT C CTTTTGGAGCCTTT TTTTTGGAG ATTTTCAA CGTGAAAA AATTATTA    GGGTTC CTATTGGGCT TGCTATCCCT GAAAATG AGGGTGGT   GGCTCTGA GGGT GGCGGTTCTG AGGGT GGCGGTT CTGAGGGT GGCGGTAC TAAACCTC CTGAGTA CGGTGATA CACCTATTC CGGGCTAT ACTTATAT CAACCCTC    CATGTATG ACGCTTAC TGGAACGGTA A ATTCAGAGACTGCG CTTTCCAT TCTGGCTT TAATGAGG ATTTATTT    GTTTGTGA ATATCAAG GCCAATCGTC T GACCTG CCTCAACC TCCTGTCAA TGCTGGCG GCGGCTCT GGTGGTGG   GATTAC GGTGCTGCTA TCGATGGTTT C ATTGGTGACG TTTC CGGCCTTG CTAATGG TAATG GTGCTACT GGTGATTT TGCTGGCT CTAATTCC  CAAATG GC TCAAGTCG GTGACGGTGA TAATTCAC CTTTAATG AATAATTT CCGTCAAT ATTTACCT TCCCTCCC TCAATCGG TTGAATGT CGCCCTTT TGTCTTTG

CTGAGGCC GATAC TGTCGTCG TCCCCTCA AACTGGCA   CTTTC AAAGTTGG TCAGTTCG GTTCCCTT ATGATTGA    CCGTCTGC GCCTCGTT CCGGCTAAGT AACATGGAGCA

GAATGGCG AATGG CGCTTTGC CTGGTTTC CGGCACCA   ATCCTCAA ATGTA TTATCTAT TGACGGCT CTAATCTA    TTTCTTTG TTCCGCAA AATGATAATG TTACTCAAACT

CATCCCCCTTTCG CCAGCTGG CGTAATAG CGAAGAGG    TTCCTCAA TTCCTTTCAACTG TTGATTTG CCAACTGA    CCAGATAT TGATTGAG GGTTTGATAT TTGAGGTT CAGCAAGG TGATGCTTTA GATTTTTC ATTTGCTGC TGGCTCTC AGCGTGGC    ACTGTTGC AGGCGGTG TTAATACT GACCGCCTC ACCTCTGT TTTATCTT CTGCTGGT GGTTCGTT CGGTATTT    TTAATGGC GATGTTTT AGGGCTATC AGTTCGCG CATTAAAG ACTAATAG CCATTCAAA AATATTGT CTGTGCCA    CGTATTCT TACGCTTT CAGGTCAG AAGGGTTCT ATCTCTGT TGGCCAGA ATGTCCCT TTTATTAC TGGTCGTG TGACTGGT     GAATCTGC CAATGTAAA TAATCCAT TTCAGACG ATTGAGCG TCAAAATGT AGGTATTT CCATGAGC    GTTTTTCC TGTTGCAA TGGCTGGC GGTAATATT GTTCTGGA TATTACCA GCAAGGCC GATAGTTT GAGTTCTT    CTACTCAG GCAAGTGA TGTTATTA CTAATCAAA GAAGTATT GCTACAAC GGTTAATTT GCGTGATG GACAGACT    CTTTTACT CGGTGGCC TCACTGAT TATAAAAAC ACTTCTCA GGATTCTG GCGTACCG TTCCTG TCTAAAATCC CTTTAATC   GGCCTCCT GTTTAGCTCC CGCTCTGA TTCTAACG AGGAAAGCAC GTTATACGTG CTCGTCAA AGCAACCA TAGTACGC GCCCTGTA GCGGCGCA TTAAGCGC GGCGGGTG TGGTGGTT

GCCCTAGC GCCCGCTC CTTTCGCT TTCTTCCC TTCCTTTC TCGCCACG TTCGCCGG CTTTCCCC GTCAAGCTCT AAATCGGGGG CTCCCTTTAG  GGTTCCGA TTT

TCTCTGAT ATTAGCGC TCAATTAC CCTCTGAC TTTGTTCA GGGTGTTC AGTTAATT CTCCCGTC TAATGCGCTT CCCTGTTTTT ATGTTATT CTCTCTGT AAAGGCTG CTATTTTC   ATTTTTGACG TTAGAATA CCGGATAA GCCTTCTA TATCTGAT TTGCTTGC TATTGGG CGCGGTAATG ATTCCTAC GATGAAAA    TAAAAACG GCTTGCTT GTTCTCGA TGAGTGCGG TACTTGGT TTAATAC CCGTTCTTGG AATGATAA GGAAAGAC    ACATGTTG GCGTTGTT AAATATGG CGATTCTC AATTAAGC CCTACTG TTGAGCGTTG GCTTTATA CTGGTAAG    AATTTGTA TAACGCAT ATGATACT AAACAGGCT TTTTCTAG TAATTAT GATTCCGG TGTTTATT   CTTATTTAAC  GACTCTTC TCAGCGTC TTAATCTA AGCTATCG CTATGTTT TCAAGGA TTCTAAGGGA AAATTAAT TAATAGCG     ACGATTTA CAGAAGCA AGGTTAT TCACTCACAT ATATTGAT TTATGTA CTGTTTCCAT TAAAAAAG GTAATTCA    AATTTCTT TATTTCTG TTTTACGT GCAAATAA TTTTGATA TGGTAGG TTCTAACCCT TCCATTAT TCAGAAGT    ATAATCCA AACAATCA GGATTATATT GATGAATT GCCATCATC TGATAATCAG GAATATGA TGATAATT CCGCTCCT TCTGGTGG    TTAGTTGT TAGTGCTC CTAAAGAT ATTTTAGATAACC    CCCGCAC CGATCGCCC TTCCCAACAGTTG CGCAGCCT

GGGTATTC CGTTATTA TTGCGTTT CCTCGGTT TCCTTCTG GTAACTTT GTTCGGCTATC TGCTT ACTTT TCTTAAAAAG    GATTGGGATA AATAATAT GGCTGTTT   AGGCTTCAAA ACCTCC CGCAAGTCGG

GCGCTGGT AAACCATA TGAATTTT CTATTGAT TGTGACAA AATAAACT TATTCCGT GGTGTCTT TGCGTTTC TTTTATA   GGAAAGACGC TCGTTAGC GTTGGTAA   GATTCAGG ATAAAATT GTAGCTGGGT

TTTAAAATTAA TAACGTTCGG GCAAAGGA TTTAATAC    GAGTTGTC GAATTGTT TGTAAAGT CTAATACT TCTAA   GAAGCGGT GCCGGAAA GCTGGCTG GAGTG CGATCTTC

GGTCGCGGAT TTCGACACAAT TTATCAGG CGATGATA   GCCTATGC GCCTGGTC TGTACACC GTTCATCT GTCCT   GATGCACG GTTACGAT GCGCCCAT CTACA CCAACGTG

GCATTACGTA TTTTACCC GTTTAATG    GCGGCCTT TAACTCCC TGCAAGCCTC

GTCCTCAAAG CCTCTGTA GCCGTTGC    TACCCTCG TTCCGATG CTGTCTTTCG

CTGCTGAGGG TGACGATC CCGCAAAA    GAAACTTC CTCATGAA AAAGTCTTTA

AGCGACCGAA TATATCGG TTATGCGT    CGTTTTAG GTTGGTGC CTTCGTAGTG

GAAAATTCAT TTACTAAC GTCTGGAA    AGACGACA AAACTTTA GATCGTTACG

CTAACTATGA GGGCTGTC TGTGGAAT    AAAGTTGT TTAGCAAA ATCCCATACA

CTATTCTCAC TCCGCTGA AACTGTTG    GCTACAGG CGTTGTAG TTTGTACTGG

TGACGAAACT CAGTGTTA CGGTACAT    TTCGCAA TTCCTTTAG TTGTTCCTTT

TGGTGGCTCT GGTTCCGG TGATTTTG    ATTATGAA AAGATGGC AAACGCTAAT

AAGGGGGCTA TGACCGAA AATGCCGA    GGCGGCTC TGAGGGAG GCGGTTCCGG

GCTCTGAGGG TGGCGGTT CTGAGGGT    TGAAAACG CGCTACAG TCTGACGCTA

AAGGCAAACT TGATTCTG TCGCTACT   TTCTGGTG GCGGCTCT GAGGGTGGTG

AGGCTGCG CAACTGTTGGGAA GGGCGATCG GTGCGGG    GGTTATCTAAAAT ATCTTTAG GAGCACTA ACAACTAA    CCACCAGA AGGAGCGG AATTATCA TCATATTC CTGATTATCA GATGATGGC AATTCATC AATATAATCC TGATTGTT TGGATTAT    ACTTCTGA ATAATGGA AGGGTTAGAA CCTACCA TATCAAAA TTATTTGC ACGTAAAA CAGAAATA AAGAAATT    TGAATTAC CTTTTTTA ATGGAAACAG TACATAA ATCAATAT ATGTGAGTGA ATAACCT TGCTTCTG TAAATCGT     CGCTATTA ATTAATTT TCCCTTAGAA TCCTTGA AAACATAG CGATAGCT TAGATTAA GACGCTGA GAAGAGTC  GTTAAATAAG   AATAAACA CCGGAATC ATAATTA CTAGAAAA AGCCTGTTT AGTATCAT ATGCGTTA TACAAATT    CTTACCAG TATAAAGC CAACGCTCAA CAGTAGG GCTTAATT GAGAATCG CCATATTT AACAACGC CAACATGT    GTCTTTCC TTATCATT CCAAGAACGG GTATTAA ACCAAGTA CCGCACTCA TCGAGAAC AAGCAAGC CGTTTTTA    TTTTCATC GTAGGAAT CATTACCGCG CCCAATA GCAAGCAA ATCAGATA TAGAAGGC TTATCCGG TATTCTAA CGTCAAAAAT   GAAAATAG CAGCCTTT ACAGAGAG AATAACAT AAAAACAGGG AAGCGCATTA GACGGGAG AATTAACT GAACACCC TGAACAAA GTCAGAGG GTAATTGA GCGCTAAT ATCAGAGA

GAAGATCG CACTC CAGCCAGC TTTCCGGC ACCGCTTC   TTAGA AGTATTAG ACTTTACA AACAATTC GACAACTC    GTATTAAA TCCTTTGC CCGAACGTTA TTAATTTTAAA

CACGTTGG TGTAG ATGGGCGC ATCGTAAC CGTGCATC   AGGAC AGATGAAC GGTGTACA GACCAGGC GCATAGGC   TATCATCG CCTGATAA ATTGTGTCGAA ATCCGCGACC

TTAAATGT GAGCG AGTAACAA CCCGTCGG ATTCTCCG    GGATATTCATTAC CCAAATCA ACGTAACA AAGCTGCT    CATTCAGT GAATAAGG CTTGCCC TGACGAGAAA CACCAGAACG AGTAG TAAATTGGGCT TGAGATGGTT TAATTTCA ACTTTAAT    CATTGTGA ATTACCTT ATGCGATTTT AAGAACT GGCTCATT ATACCAGT CAGGACGT TGGGAAGA AAAATCTA    CGTTAATA AAACGAAC TAACGGAACA ACATTAT TACAGGTA GAAAGATTC ATCAGTTG AGATTTAG GAATACCA    CATTCAAC TAATGCAG ATACATAACG C CAAAAG GAATTACG AGGCATAG TAAGAGCA ACACTATCAT AACCCT   CGTTTACCAG ACGACG ATAAAAACCA AAATAGC GAGAGGCT TTTGCAAAA GAAGTTTT GCCAGAGG GGGTAATA    GTAAAATG TTTAGACT GGATAGCGTC CAATACT GCGGAATC GTCATAAA TATTCATT GAATCCCC CTCAAATG    CTTTAAAC AGTTCAGA AAACGAGAAT G ACCATAA ATCAAAAA TCAGGTCT TTACCCTG ACTATTAT AGTCAGAA   GCAAAGCG GATTGCAT CAAAAAGATT A AGAGGA AGCCCGAA AGACTTCA AATATCGC GTTTTAATTC GAGCTT CAAAGCGAACCA GACC GGAA   GCAAACTC CAACAGGT CAGGATTAGA GAGTACCT TTAATTGC TCCTTTTG ATAAGAGG TCATTTTT GCGGATGG CTTAGAGC TTAATTGC TGAATATA ATGCTGTA

TGCTCCATGTT ACTTAGCCGG AACGAGGC GCAGACGG    TCAATCAT AAGGGAAC CGAACTGA CCAACTTT GAAAG   TGCCAGTT TGAGGGGA CGACGACA GTATC GGCCTCAG

AGTTTGAGTAA CATTATCATT TTGCGGAA CAAAGAAA    TAGATTAG AGCCGTCA ATAGATAA TACAT TTGAGGAT   TGGTGCCG GAAACCAG GCAAAGCG CCATT CGCCATTC

TGCTGCAAGG CGATTAAGTTG GGTAACGC CAGGGTTT    TCCCAGTCACGAC GTTGTAAA ACGACGGC CAGTGCCA    AGCTTGCA TGCCTGCA GGTCGACT CTAGAGGA TCCCCGGGT ACCGAGCTCG AATTCGTAAT CATGGTCA TAGCTGTT TCCTGTGT    GAAATTGT TATCCGCT CACAATTC CACACAA CATACGAG CCGGAAGCAT AAAGTGTA AAGCCTGG GGTGCCTA    ATGAGTGA GCTAACTC ACATTAAT TGCGTTG CGCTCACT GCCCGCTTTCC AGTCGGGA AACCTGTC GTGCCAGC    TGCATTAA TGAATCGG CCAACGCG CGGGGAG AGGCGGTT TGCGTATTGG GCGCCAGG GTGGTTTT TCTTTTCA CCAGTGAG     ACGGGCAA CAGCTGAT TGCCCTT CACCGCCT GGCCCTGAGAG AGTTGCAG CAAGCGGT CCACGCTG    GTTTGCCC CAGCAGGC GAAAATCC TGTTTGA TGGTGGTT CCGAAATCGG CAAAATCC CTTATAAA TCAAAAGA    ATAGCCCG AGATAGGG TTGAGTGT TGTTCCA GTTTGGAACA AGAGTCCAC TATTAAAG AACGTGGA CTCCAACG    TCAAAGGG CGAAAAAC CGTCTATC AGGGCGA TGGCCCAC TACGTGAACC ATCACCCA AATCAAGT TTTTTGGG   GTCGAGGT GCCGTAAA GCACTAAA TCGGAACC CTAAAGGGAG CCCCCGATTT AGAGCTTGAC GGGGAAAG CCGGCGAA CGTGGCGA GAAAGGAA GGGAAGAA AGCGAAAG GAGCGGGC GCTAGGGCGCTGGCAAGT GT A G

CGAAAGACAG CATCGGAA CGAGGGTA    GCAACGGC TACAGAGG CTTTGAGGAC

GAGGCTTGCA GGGAGTTA AAGGCCGC    CATTAAAC GGGTAAAA TACGTAATGC

CGTAACGATC TAAAGTTT TGTCGTCT    TTCCAGAC GTTAGTAA ATGAATTTTC

CCAGTACAAA CTACAACG CCTGTAGC    CAACAGTT TCAGCGGA GTGAGAATAGAAAAGAAC TGGCATGAT TAAGACTC CTTATTAC GCAGTATG TTAGCAAA CGTAGAAA ATACATAC ATAAA GGTGGCAACA   AGAGCCTAAT TTGCCAGTTA CAAAAT   TAAATCAA GATTAGTT GCTATTTTGC

GATAACCC ACAAGAAT TGAGTTAA GCCCAATA ATAAGAGC AAGAAACA ATGAAATA GCAATAGC TATCTTAC CGAAGCC   CAAATAAGAAAC GATTTTTT GTTTAA  GAACGCGAGG CGTTTTAGCG AACCTC

TAGCGTCAGA CTGTAGCG CGTTTTCA    ACCCTCAG AACCGCCA CCCTCAGAGC

ATTAGCGTTT GCCATCTT TTCATAAT    CAAAATCA CCGGAACC AGAGCCACCA

TAAAGACTTT TTCATGAG GAAGTTTC    TTTTGCGG GATCGTCA CCCTCAGCAG

CACTACGAAG GCACCAAC CTAAAACG    ACGCATAA CCGATATA TTCGGTCGCT

TGTATGGGAT TTTGCTAA ACAACTTT    ATTCCACA GACAGCCC TCATAGTTAG

AAAGGAACAA CTAAAGGAA TTGCGAA    ATGTACCG TAACACTG AGTTTCGTCA

CCGGAACCGC CTCCCTCA GAGCCGCC    TCGGCATT TTCGGTCA TAGCCCCCTT

CACCACCCTC AGAGCCGC CACCAGAA   AGTAGCGA CAGAATCA AGTTTGCCTT

TGTTGATG AAAGC TGGCTACA GGAAGGCC AGACGCGA    ATTATTTT TGAT GGCGTTCC TATTGGTTA AAAAATGA   GCTGATTT AACAAAAA TTTAATGCGA ATTT TAACAAA ATATTAAC GTTTACAA TTTAAATA TTTGCTTA TACAATCT TCCTGTTT   TTGGGGCT TTTCTGAT TATCAACC G GGGTACAT ATGATTGA CATGCA G TTTTACGA TTACCGTT CATCGATT   CTCTTGTT TGCTCCAG ACTCTCAG GC AATGACCT GATAGCCT TTGTAGAT CTCTCAAA AATAGCTA CCCTCTCC   GGCATTAA TTTATCAG CTAGAACG G TTGAATAT CATATTGA TGGTGATT TGACTGTC TCCGGC   CTTT CTCACCCT TTTGAATC TTTACCTA CACATTAC TCAGGCAT TGCATTTA AAATATAT GAGGGTTC TAAAAATT TTTATCCT   TGCGTTGA AATAAAGG CTTCTCCC G CAAAGTAT TAC AGGG TCATAATG TTTTTGGT ACAACCGA TTTAGCTT   TATGCTCT GAGGCTTT ATTGCTTA AT TTTGCTAA TTCTTTGC CTTGCCTG TATGATTT ATTGGATG TTAATGCT   ACTACT ATTAGTAGAA TTGATGCC ACCTT TTCAGCTCGC GCCCCAAATG  AAAATATA GCTAAACAGG TTATTGACCA TTTGCGAA ATGT ATCT   AATGGT CAAACTAAAT CTACTCGTTC GCAGAATT GGGAATCA ACTGTTAT ATGGAATG AAACTTCC AGACACCGTA CTTTAGTTGC ATATTTAAAA CATGTTGAGC

GCTCAACATG TTTTAAATAT GCAACTAAAG TACGGTGTCT GGAAGTTT CATTCCAT ATAACAGT TGATTCCC AATTCTGC GAACGAGTAG ATTTAGTTTG ACCATT   AGAT ACAT TTCGCAAA TGGTCAATAA CCTGTTTAGC TATATTTT  CATTTGGGGC GCGAGCTGAA AAGGT GGCATCAA TTCTACTAAT AGTAGT   AGCATTAA CATCCAAT AAATCATA CAGGCAAG GCAAAGAA TTAGCAAA AT TAAGCAAT AAAGCCTC AGAGCATA   AAGCTAAA TCGGTTGT ACCAAAAA CATTATGA CCCTGTAA TACTTTTG C GGGAGAAG CCTTTATT TCAACGCA   AGGATAAA AATTTTTA GAACCCTC ATATATTT TAAATGCA ATGCCTGA GTAATGTG TAGGTAAA GATTCAAA AGGGTGAG AAAG   GCCGGA GACAGTCA AATCACCA TCAATATG ATATTCAA C CGTTCTAG CTGATAAA TTAATGCC   GGAGAGGG TAGCTATT TTTGAGAG ATCTACAA AGGCTATC AGGTCATT GC CTGAGAGT CTGGAGCA AACAAGAG   AATCGATG AACGGTAA TCGTAAAA CTAGCATG TCAATCAT ATGTACCC C GGTTGATA ATCAGAAA AGCCCCAA   AAACAGGA AGATTGTA TAAGCAAA TATTTAAA TTGTAAAC GTTAATAT TTTGTTA AAAT TCGCATTAAA TTTTTGTT AAATCAGC   TCATTTTT TAACCAATA GGAACGCC ATCA AAAATAAT    TCGCGTCT GGCCTTCC TGTAGCCA GCTTT CATCAACA

TACAGCAT TATATTCA GCAATTAA GCTCTAAG CCATCCGC AAAAATGA CCTCTTAT CAAAAGGA GCAATTAA AGGTACTC TCTAATCCTG ACCTGTTG GAGTTTGC   TTCC GGTC TGGTTCGCTTTG AAGCTC GAATTAAAAC GCGATATT TGAAGTCT TTCGGGCT TCCTCT T AATCTTTTTG ATGCAATC CGCTTTGC   TTCTGACT ATAATAGT CAGGGTAA AGACCTGA TTTTTGAT TTATGGT C ATTCTCGTTT TCTGAACT GTTTAAAG    CATTTGAG GGGGATTC AATGAATA TTTATGAC GATTCCGC AGTATTG GACGCTATCC AGTCTAAA CATTTTAC    TATTACCC CCTCTGGC AAAACTTC TTTTGCAAA AGCCTCTC GCTATTT TGGTTTTT ATCGTCGT CTGGTAAACG   AGGGTT ATGATAGTGT TGCTCTTA CTATGCCT CGTAATTC CTTTTG G CGTTATGTAT CTGCATTA GTTGAATG    TGGTATTC CTAAATCT CAACTGAT GAATCTTTC TACCTGTA ATAATGT TGTTCCGTTA GTTCGTTT TATTAACG    TAGATTTT TCTTCCCA ACGTCCTG ACTGGTAT AATGAGCC AGTTCTT AAAATCGCAT AAGGTAAT TCACAATG    ATTAAAGT TGAAATTA AACCATCTCA AGCCCAATTTA CTACT CGTTCTGGTG TTTCTCGTCA GGGCAAG CCTTATTC ACTGAATG    AGCAGCTT TGTTACGT TGATTTGG GTAATGAATATCC    CGGAGAAT CCGACGGG TTGTTACT CGCTC ACATTTAA   

   TCAAACCATT AAATTTAG GTCAGAAG  GGAGGTTAAA AAGGTA GTCTCTCAGA

  AAAGTTTT CTCGCG TTCTTTG TCTTGCGA TTGGATTT GCATCAGC ATTTACA

  AATACCGACC GTGTGATAAA  TAAGGC  AATAGTGAAT TTATCAAAAT CATAGG

   TTCAAATATA TTTTAGTT AATTTCAT   GGCTTAGG TTGGGTTA TATACTATA

CAAAGACA AAAGGGCG ACATTCAA CCGATTGA GGGAGGGA AGGTAAAT ATTGACGG AAATTATT CATTAAAG GTGAATTA TCACCGTCAC CGACTTGA GC CATTTG  GGAATTAG AGCCAGCA AAATCACC AGTAGCAC CATT ACCATTAG CAAGGCCG GAAA CGTCACCAAT G AAACCATCGA TAGCAGCACC GTAATC   CCACCACC  AGAGCCGC CGCCAGCA TTGACAGGA GGTTGAGG CAGGTC A GACGATTGGC CTTGATAT TCACAAAC    AAATAAAT CCTCATTA AAGCCAGA ATGGAAAG CGCAGTCTCTGAAT T TACCGTTCCA GTAAGCGT CATACATG    GAGGGTTG ATATAAGT ATAGCCCG GAATAGGTG TATCACCG TACTCAG GAGGTTTA GTACCGCC ACCCTCAG AACCGCC ACCCT CAGAACCGCC ACCC TCAGAGCC   ACCACCCT CATTTTC AGGGATAGCA AGCCCAATAG GAACCC    TAATAATT TTTTCACG TTGAAAAT CTCCAAAAA AAAGGCTCCAAAAG G AGCCTTTAAT TGTATCGG TTTATCAG    CTTGCTTT CGAGGTGA ATTTCTTA AACAGCTT GATACCG ATAGTTGC GCCGACAATG ACAACAAC CATCGCCC    AAAGAGGC AAAAGAAT ACACTAAA ACACTCAT CTTTGACCCC CAGCGATTA TACCAAGC GCGAAACAAA GTACAACG GAGATTTG   TGGCTGAC CTTCATCA AGAGTAAT CTTGA CAAGAACC    TGGGAACA AACGGCGG ATTGACCG TAATG GGATAGGT

  TGTTGCCACC TTTAT GTATGTAT TTTCTACG TTTGCTAA CATACTGC GTAATAAG GAGTCTTA ATCATGCCA GTTCTTTT GCAAAATAGC AACTAATC TTGATTTA   ATTTTG TAACTGGCAA ATTAGGCTCT  

GAGGTT CGCTAAAACG CCTCGCGTTC  TTAAAC AAAAAATC GTTTCTTATTTG  

TATAAAA GAAACGCA AAGACACC ACGGAATA AGTTTATT TTGTCACA ATCAATAG AAAATTCA TATGGTTT ACCAGCGC ACCCAGCTAC AATTTTAT CCTGAATC   TTACCAAC GCTAACGA GCGTCTTTCC  

 CTTTTTAAGA AAAGT AAGCA GATAGCCGAAC AAAGTTAC CAGAAGGA AACCGAGG AAACGCAA TAATAACG GAATACCC CCGACTTGCG GGAGGT TTTGAAGCCT   AAACAGCC ATATTATT TATCCCAATC

TTGATAAACA GGCGCGTT CTGCATTA    GCTGAACA TGTTGTTT ATTGTCGTCG

TCTGGACAGA ATTACTTT ACCTTTTG    TTTTCTTG TTCAGGAC TTATCTATTG

GGCTCGAAAA TGCCTCTG CCTAAATT    AGCCGATT ATTGATTG GTTTCTACAT

CAATAGATAA GTCCTGAA CAAGAAAA    CAAAAGGT AAAGTAAT TCTGTCCAGA

CGACGACAAT AAACAACA TGTTCAGC    TAATGCAG AACGCGCC TGTTTATCAA

AGTAATAAGA GAATAT AAAGTACCGA    ATAATATC CCATCCTA ATTTACGAGC

TATATTATA TAACCCAA CCTAAGCC   ATGAAATT AACTAAAA TATATTTGAA   

CCTATG ATTTTGATAA ATTCACTATT  GCCTTA  TTTATCACAC GGTCGGTATT   

TGTAAAT GCTGATGC AAATCCAA TCGCAAGA CAAAGAA CGCGAG AAAACTTT  

TCTGAGAGAC TACCTT TTTAACCTCC  CTTCTGAC CTAAATTT AATGGTTTGA    

TGTTTATACG GGCACTGT TACTCAAG    TTCTCTTG AGGAGTCT CAGCCTCTTA   

CAGTACACTC CTGTATCATC AAAAGC    TCGACGGC ACTTATCC GCCTGGTACT 

GTTAATGCCC CCTGCCTATT TCGGAA    CCTATTAT TCTGAAAC ATGAAAGTAT  

GTAATAAGTT TTAACGGGGT CAGTGC    GGATTAGG ATTAGCGG GGTT TTGCTC  

GAGCAA AACC CCGCTAAT CCTAATCC    GCACTG ACCCCGTTAA AACTTATTAC

  ATACTTTCAT GTTTCAGA ATAATAGG    TTCCGA AATAGGCAGG GGGCATTAAC

  AGTACCAGGC GGATAAGT GCCGTCGA    GCTTTT GATGATACAG GAGTGTACTG

   TAAGAGGCTG AGACTCCT CAAGAGAA    CTTGAGTA ACAGTGCC CGTATAAACA

TTGTTTTCTT GATGTTTG TTTCATCA    AAAAGGTA CTGTTACT GTATATTCAT

GAATAATTCG CCTCTGCG CGATTTTG    TAACTTGG TATTCAAA GCAATCAGGC

GAATCCGTTA TTGTTTCT CCCGATGT    TCTTCTTT TGCTCAGG TAATTGAAAT

CTGACGTTAAA CCTGAAA ATCTACGC    AATGAAAT TGTTAAAT GTAATTAATT

ATTTCAATTA CCTGAGCA AAAGAAGA    ACATCGGG AGAAACAA TAACGGATTC

AATTAATTAC ATTTAACA ATTTCATT    GCGTAGAT TTTCAGGT TTAACGTCAG

GCCTGATTGC TTTGAATA CCAAGTTA    CAAAATCG CGCAGAGG CGAATTATTC

ATGAATATAC AGTAACAG TACCTTTT    TGATGAAA CAAACATC AAGAAAACAA

AACCACCA CACCCGCC GCGCTTAA TGCGCCGC TACAGGGC GCGTACTA TGGTTGCT TTGACGAG CACGTATAAC GTGCTTTCCT CGTTAGAA TCAGAGCG GGAGCTAAAC AGGAGGCC   GATTAAAG GGATTTTAGA CAGGAA CGGTACGC CAGAATCC TGAGAAGT GTTTTTATA ATCAGTGA GGCCACCG AGTAAAAG    AGTCTGTC CATCACGC AAATTAACC GTTGTAGC AATACTTC TTTGATTAG TAATAACA TCACTTGC CTGAGTAG    AAGAACTC AAACTATC GGCCTTGC TGGTAATA TCCAGAAC AATATTACC GCCAGCCA TTGCAACA GGAAAAAC    GCTCATGG AAATACCT ACATTTTGA CGCTCAAT CGTCTGAA ATGGATTA TTTACATTG GCAGATTC     ACCAGTCA CACGACCA GTAATAAA AGGGACAT TCTGGCCA ACAGAGAT AGAACCCTT CTGACCTG AAAGCGTA AGAATACG    TGGCACAG ACAATATT TTTGAATGG CTATTAGT CTTTAATG CGCGAACT GATAGCCCT AAAACATC GCCATTAA    AAATACCG AACGAACC ACCAGCAG AAGATAAA ACAGAGGT GAGGCGGTC AGTATTAA CACCGCCT GCAACAGT    GCCACGCT GAGAGCCA GCAGCAAAT GAAAAATC TAAAGCATCA CCTTGCTG AACCTCAA ATATCAAACC CTCAATCA ATATCTGG    TCAGTTGG CAAATCAA CAGTTGAAAGGAA TTGAGGAA    CCTCTTCG CTATTACG CCAGCTGG CGAAAGGGGGATG
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ACGCGCAGCGTGACCG

C T AC ACTTGCCAGC

ATGTAGAAAC CAATCAAT AATCGGCT    AATTTAGG CAGAGGCA TTTTCGAGCC

GCTCGTAAAT   TAGGATGG GATATTAT    TCGGTACTTT ATATTC TCTTATTACT

AGTGC TTTACGGC ACCTCGAC   CCCAAAAA ACTTGATT TGGGTGAT GGTTCACGTA GTGGGCCA TCGCCCT GATAGACG GTTTTTCG CCCTTTGA    CGTTGGAG TCCACGTT CTTTAATA GTGGACTCT TGTTCCAAAC TGGAACA ACACTCAA CCCTATCT CGGGCTAT    TCTTTTGA TTTATAAG GGATTTTG CCGATTTCGG AACCACCA TCAAACA GGATTTTC GCCTGCTG GGGCAAAC    CAGCGTGG ACCGCTTG CTGCAACT CTCTCAGGGCC AGGCGGTG AAGGGCA ATCAGCTG TTGCCCGT     CTCACTGG TGAAAAGA AAAACCAC CCTGGCGC CCAATACGCA AACCGCCT CTCCCCG CGCGTTGG CCGATTCA TTAATGCA    GCTGGCAC GACAGGTT TCCCGACT GGAAAGCGGGC AGTGAGCG CAACGC AATTAATGT GAGTTAGC TCACTCAT    TAGGCACC CCAGGCTTT ACACTTT ATGCTTCCGG CTCGTATG TTGTGTG GAATTGTG AGCGGATA ACAATTTC    ACACAGGA AACAGCTA TGACCATG ATTACGAATT CGAGCTCGGT ACCCGGGGA TCCTCTAG AGTCGACC TGCAGGCA TGCAAGCT    TGGCACTG GCCGTCGT TTTACAAC GTCGTGACTGGGA    AAACCCTG GCGTTACC CAACTTAATCG CCTTGCAGCA

BRET

：Fluorescent dye (FAM)
：Luciferin (Furimazine)

：Luciferase (LgBiT)

：SmBiT

Fig. 1 Design of the system and typical AFM image of luciferase-modified stick-like DNA Origami. 
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