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SUPPLEMENTARY INFORMATION

The supplementary material contains the design of the origami (Figure S1), the sequences of the
cassettes (Figures S2-S4), the design and sequences of the walker and the schematic drawings of the
walking (Figure S5), non-denaturing gels of the cassettes and the walker (Figure S6), agarose gels of
the Au-DNA conjugations (Figure S7), the movement of the walker on the origami (Figure S8), images
of the dynamic switching for each cassette on the origami (Figure S9), zoomed TEM images for
statistical analysis (S10-S11), distance distribution between 5 nm and 10 nm Au on the walker (S12)
and the statistical analysis for different additions (Table S1).

Sequences of Origami Helper Strands

Referring to Figure S1, there are totally 202 helper strands, labeled from 1 to 202. The color coding
follows the conventions of Figure S1.

5°->3°

1: TGAAATTGTTATCCGCATAGCTGT

2: TTCCTGTGTTTTCGGCCAGTGCCAAGCTCGACGTTG
3: TAAAACGATTTTCTTCGCTATTACGCCACGATCGGT
4: GCGGGCCTTTTTAGCTTTCCGGCACCGCAGATCGCA
5: CTCCAGCCTTTTAGGTTACGTTGGTGTATTGACCGT
s AATGGGATTTTTCTTCCTGTAGCCAGCTATAATTCG
: CGTCTGGCTTTTAGCTGCTCATTCAGTGCAAATCAACGTAACAA
8: GACAAGAACCGGATATTCATTACCAATAAGGC

9: TTGCCCTGAGGAACGCCATCAAAATTCATCAA

10: CATTAAATGGGAACAAACGGCGGAGATGGGCG

11: CATCGTAACGTATCGGCCTCAGGATTCTGGTG

12: CCGGAAACCAACTGTTGGGAAGGGGCTGGCGA

13: AAGGGGGAAGGGTTTTCCCAGTCATGCATGCC

14: TGCAGGTCATTCGTAATCATGGTCTCACAATT
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41

CCACACAACATACGAGCCGGAAGCATAAAGTG
AGTTGATTTCTGGAAGTTTCATTCCGGGTACC
GAGCTCGAGACTCTAGAGGATCCCCATGTAAC
TACAGGCAGTAGCATTAACATCCATAAGTTGG
GTAACGCCTGTGCTGCAAGGCGATATAAATCA
ATGCAATGTTTTAGAACCCTCATACGCCATTC
AGGCTGCGCAGGCAAAGCGCCATTTATTTTAA
GCCTGAGAATCTACAAAGGCTATCTTGAGGGG
ACGACGACCCGTGCATCTGCCAGTAGGTCATT

SUPPLEMENTARY INFORMATION

CGATGCACCCGTCGGATTCTCCGTGTGAGCGAGTAACAACAGTCGCTT

AATTGGGCTTTTTGTTAAATCAGCTCATTTTT
TAACCAATACGAGAACACCAGAACGAGTAGTA
AGGCTGGCTGACCTTCATCAAGAGTAATCTTC
GGACAGATGAACGGTGTACAGACCTCAACTTT
GCGTTAAATTGAGATGGTTTAATTAGGCGCAT
AATCATTGAACGTTAATATTTTGTTAAAATTC
TTTGAGAGGTCTGGAGCAAACAAGAGAATCGA
TGAACGGTTTAATGCCGGAGAGGGGTAAAGAT
ATAAAAATCCTGAGTAATGTGTAGTAGCTATT
TCAAAAGGAGAAGCCTTTATTTCAAAATTAAG
TAATAGTAAGGCAAAGAATTAGCAACGCAAGG
CAATAAAGCTGAAAAGGTGGCATCAGTAGATT

GTACGGTGCCCAATTCTGCGAACGAATTCTAC

TAGTTTGAACATGTTTTAAATATGGAGCTAAC
TAAAGCCTGGGGTGCCTAATGAGTCAACTAAA
TCACATTAATTGCGTTGCGCTCACCTGGTGCT

: GTAGCTCACCATTAGATACATTTCTCATTTGG
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GGCGCGAGCCTCAGAGCATAAAGCGTAATACT

TTTGCGGGGTGAGAAAGGCCGGAGCGTTCTAG
CTGATAAAAATCGTAAAACTAGCATGTCAATC
AAATTGTATGAATTACCTTATGCGTTGAAAGA
ATAAGGGAACCGAACTGACCAACTATTTTAAG
AACTGGCTCATTATACCAGTCAGGGGTCAATC
CAGTTGAGGGAAGATTGTATAAGCAAATATTT

CGTGCCTAAAAAGCCCCAAAAACAATTTAGGAATACCACAAGATTCAT

GTTTACCACCCGGTTGATAATCAGGGTGGCTA
ATATGTACGACGACGATAAAAACCTAACCCTC
GTCCAATACAATATGATATTCAACACAGTCAA
ATCACCATCTGCGGAATCGTCATATGGATAGC
GTCTTTACAAAACATTATGACCCTTAAATCGG
TTGTACCACCTGACTATTATAGTCAAAATCAG
AGCTTCAACTGTTTAGCTATATTTGCAAATGG
TCAATAACAGCGAACCAGACCGGATTAATTCG

TGGCTTAGAGCTTAATTGCTGAATTGCCCGCT

TTCCAGTCGGGAAACCTGTCGTGCTTTGCGGA
CCAACAGGTTGATAAGAGGTCATTCAGCTGCA
AGCGGATTCTTCAAATATCGCGTTAGCAAACT
TTGAATCCGAATGACCATAAATCAAGAAGCAA
GAGAGGCTAGTAAAATGTTTAGACAATATTCA
ATGCAGATAAGAGCAACACTATCAAAAATAGC
AAGAAAAAATTATTACAGGTAGAATTCAACTA
ACTTAGCCGGAACGAGGCGCAGACACGTTGGG
ATTGTGTCGAAATCCGCGACCTGCTCCATGTT
GGAACAACTCTACGTTAATAAAACTAATAATT
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TTTTCACGCTAAAGGAATTGCGAAGAACTAAC

SUPPLEMENTARY INFORMATION

GCTAACTGAATTACGAGGCATAGTACATAACGCCAAAAGGGGTATGCG

GGGGTAATTTTGCAAAAGAAGTTTAGTTTCGT
CACCAGTAATGTACCGTAACACTGTGCCAGAG
GAAAACGACCCTCAAATGCTTTAAGGTTGATA
TAAGTATATAAGTGCCGTCGAGAGACAGTTCA
CCGAAAGAGCATCAAAAAGATTAACCTTGAGT
AACAGTGCTTTAACGGGGTCAGTGGAGGAAGC
TGCTCCTTTCAGGATTAGAGAGTAAGGCAGGT
CAGACGATCATTGACAGGAGGTTGCCTTTAAT
TTAATGAATCGGCCAACGCGCGGGGAGAGGCG
GTTTGCGTATTGGGCGCCAGGGTGCCAGAGCC

GCCGCCAGTGGCCTTGATATTCACTGTACTGG

TAATAAGTCCGTATAAACAGTTAACTCAGTAC
CAGGCGGAGCCCGGAATAGGTGTAAGCCCAAT
AGGAACCCCAAACTACAACGCCTGTAGCATTC
AGGAACAATTGAAAATCTCCAAAACCTGATAA
GTACAACGGAGATTTGTATCATCGAAAAGGCT
CCAAAAGGAGTTTCAGCGGAGTGAGAATAGAA
CACAGACAATTTTCAGGGATAGCATCACCGTA
CTCAGGAGGATTAGCGGGGTTTTGTGCCCCCT
GCCTATTTTTTGATGATACAGGAGAAACGAAT
GGATCTTCGCCACCAGAACCACCAGTTTTTCT
TTTCACCAGTGAGACGGGCAACAGCACCACCC
TCAGAGCCATTAAAGCCAGAATGGAGCGTCAT
TCATGGCTCGGAACCTATTATTCTTCAAGAGA
AGGATTAGGTTTAGTACCGCCACCCAGAGCCA
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96: CCACCCTCGCCCTCATAGTTAGCGTAACGATC

97: CTTTCAACAGCCTTTAATTGTATCGAAACAAA

98: ACCCCCAGCGATTATACCAAGCGCGGTTTATC

99: AGCTTGCTTTCGAGGTGAATTTCTCATCTTTG

100: GTATGTTATCTGTATGGGATTTTGCTAAACAA

101: CCAGACGGGTTAGTAAATGAATTTGCAAACGTAGAAAATAATTACGCA
102: TAGAAAATTGTCGTCTTTCCAGACCACTAGTG

103: TAAAGTTTTCATATGGTTTACCAGACAATCAA

104: AAGGTGAATCAGAACCGCCACCCTCTCAGAAC

105: CGCCACCCTTATCACCGTCACCGAATTCATTA

106: CACCAATGAAGAGGCTGAGACTCCGAAACATG

107: AAAGTATTAAACCATCGATAGCAGGGAAACGT
108: CGGTCATAATTTACCGTTCCAGTAAAAGCGCA

109: GTCTCTGAGCCCCCTTATTAGCGTGGCATTTT

110: CCTCAGAACCGCCACCCTCAGAGCCTGATTGC
111: CCTTCACCGCCTGGCCCTGAGAGAGCCGCCAC

112: TTTTCATAAACCGCCTCCCTCAGAGTTGCAGC

113: TCAGTAGCGTAGCGCGTTTTCATCTTGCCATC

114: ATTTGGGATACCATTAGCAAGGCCCACCGTAA

115: ACAAAAGGAATATTGACGGAAATTCTTGAGCC

116: AAGGTGGCATAAGTTTATTTTGTCCGCCAAAG

117: TTGATACCATGATTAAGACTCCTTCATACATA

118: GGCGAAAGAATACACTAAAACACTTAAACAGC

119: CCACTACGAAGGCACCAACCTAAAACGAAAGA

120: GAACTGGCGATAGTTGCGCCGACAATGACAAC

121: AACCATCGGCAATAATAACGGAATACCCAAAA

122: TCAACGTCGCAAAGACACCACGGAAACATATAAAAGAAACCCACCGAT
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GGAAGGTAGCGACATTCAACCGATTATTTATC
CCAATCCAAAATAAACAGCCATATTGAGGGAG
AGCACCATATTAGAGCCAGCAAAAAAGTACCG
ACAAAAGGGTAATAAGAGAATATATCACCAGT
GTCAGACTGACAGAATCAAGTTTGGTAAATCG
TCGCTATTGAATAACCTTGCTTCTCCTTTAGC
ACCACCGGATCAAAATCACCGGAAATTAATTT
TAAAAGTTCCTTTGCCCGAACGTTCCAGAGCC
AAGCGGTCCACGCTGGTTTGCCCCAGCAGGCG
AAAATCCTGTTTGATGGTGGTTCCACAACTCG

SUPPLEMENTARY INFORMATION

TATTAAATTGAGTAACATTATCATATCAATAT

ATGTGAGTAATTAATTTTCCCTTAAGGCATTT
TCGAGCCATAAAGTAATTCTGTCCTAATTTGC

CAGTTACAAATAAGAAACGATTTTTTGTTTAA
GAGGAAACCCCACGCATAACCGATACGTAATG
AAGTTTCCATTAAACGGGTAAAATATATTCGG
TCGCTGAGGAACAAAGTTACCAGAAGGAAACC
CGTCAAAAGCGTCTTTCCAGAGCCAGACGACG
ACAATAAACATGTAATTTAGGCAGGAATCCTT
GAAAACATTGGAAACAGTACATAATTTGCGGA
ACAAAGAACTTTACAAACAATTCGGAAATCGG
CAAAATCCCTTATAAATCAAAAGAATTTAGAA
GTATTAGAACCACCAGAAGGAGCGGAATTACC
TTTTTTAAAGCGATAGCTTAGATTTATTTAAC

AACGCCAACAACATGTTCAGCTAATTACCAAC

GCTAACGAATGAAAATAGCAGCCTTTACAGAG
AGATAGCCGCTTGCAGGGAGTTAATCATGAGG
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166:
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171:
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176:

AGGCTTTGAGGACTAAAGACTTTTAGGCCGCT
TTTGCGGGATCGTCACCCTCAGCAGGCTACAG
TCTTACCGAAGCCCTTTTTAAGAAAAGTAAGC
GCAGTTGCCAGAGAGATAACCCACAAGAATTGAGTTAAGCAATAGCTA
CAGAGGGTAATTGAGCGCTAATATGCTACGAT
AGAATAACATAAAAACAGGGAAGCAACAAAGT
CCAGCTACAATTTTATCCTGAATCTGCAGAAC
GCGCCTGTTTATCAACAATAGATATTTTGCAC
GTAGGGCTTAATTGAGAATCGCCAAAGACGCT
GAGAAGAGTCAATAGTGAATTTATGCTCAACA
TAATTACATTTAACAATTTCATTTGAATTATC
ATCATATTCCTGATTATCAGATGAAACAAAAT
CGTCAATAGATAATACATTTGAGGATAGCCCG
AGATAGGGTTGAGTGTTGTTCCAGATTAGAGC
CATCAATACACTAACAACTAATAGTTTGGAAC
TAGGTCTGAAACAAACATCAAGAATGGCAATT
ACAAGAAACCAGTATAAAGCCAACCAAAATCA
CGGGAGAATCAAGATTAGTTGCTAAGTCCTGA
AAGAGCAATTTTTTAACTGAACACCCTGGCATTAGA
CAGCATCGTTTTGAAACAATGAAATAGCCCAATAAT
GAACGAGGGTAGCAACGCGAAAGA
AATTCTTAAATAATATCCCATCCTGTTTTGAAGCCTTAAA
AGATGATGAGAGACTACCTTTTTAGTTATACA
TTTAGGTGTAATCCTGATTGTTTGGCAAAAGA
AAGAGTCCACTATTAAAGAACGTGAAAATATC
TTCTGAATTTGAGGAAGGTTATCTGACTCCAA
CTTAGGTTCATTTCAATTACCTGAGATTATAC
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177: AGCATGTAGTTTAGTATCATATGCACCTCCGG

178: AGCGAACCTCCCGACTTGCGGGAGAATTTACG
179: TTATCCGGTATTCTAAGAACGCGAGGCGTTTT

180: AAAAGCCTGAAACCAATCAATAATCGGCTGTC
181: TTTCCTTAAACACCGGAATCATAATTACTAGA

182: GAATTATTGGGTTATATAACTATATGTAAATG

183: CTGATGCACAAGTTACAAAATCGCGCAGAGGC
184: GAAAGGAATATGGAAGGAATTGAACCAACCAT
185: ATCAAAATTGGTCAGTTGGCAAATCAACAGTA
186: CGTCAAAGGGCGAAAAACCGTCTATCAGGGCG
187: ATGGCCCACTACGTGAACCATCACACCCTCAA

188: TCAATATCTATTAGCACGTAAAACTGATTGCT

189: TTGAATACAATCCAATCGCAAGACGCGTTAAA
190: TAAGAATATCATTCCAAGAACGGGTAGAAGGC
191: GCCCAATAGCAAGCAAATCAGATATATTAAAC
192: CAAGTACCCCGTGTGATAAATAAGAAAGAACG
193: CGAGAAAACAATAACGGATTCGCCAGAAATAA
194: AGAAATTGGAACCTCAAATATCAACCAAATCA
195: AGTTTTTTGGGGTCGAGGTGCCGTAAAGCATC

196: ACCTTGCTCGTAGATTTTCAGGTTTTTACATC

197: GGGAGAAACTTTTTCAAATATATTTGGTTTGA

198: AATACCGAGCACTCATCGAGAACAATTACCGC
199: TTTCATCGTAGGAATCAGCAAGCC

200: GTTTTTATTTTTTCTGACCTAAATTTAATTAGTTAA
201: TTTCATCTTTTTTACAGTAACAGTACCTTAACGTCA
202: GATGAATATTTTAGCAAATGAAAAATCTAAAGCACTAAATCGGA

www.nature.com/nature 8
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Figures S1-S5. Molecular Details of the Molecules used in this Work.

Figure S1. The Strand Structure of the M13 Origami Used in This Work.

202 helper strands were used to form the origami with 3 slots. 9 Single strand extensions are labeled

purple around the slots. They were designed to bind with cassettes and position them on the slots.

Another 18 single strand extensions are labeled tan for the walker binding. The sequence used for the
circular M13 plasmid in this work starts from 5658 and ends at 4872. The colored strands were

purified individually by denaturing PAGE.
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TGGAATCT
Set-P2
jSetRY. .. g
TAC GTCAA  TACAG TATCAG TGTAC, | TTATCG TCGGA GTCGGT T GGA  CTGCA  TCCATG  AGTCC AAC AATACAGT TCTAG C CTATG
ATGACY [TCAGTT  ATGTC| ATAGTC ACATG | AATAGC AGCCT CAGCCA AGCCG|/ACTCCT GACGT AGGTAC TCAGG TTG TTATGTCA AGATC GCTCG| TGATAC

1 X1 A X X 1 X X X |
11646 [ \aceoa caata |crrmac erere | lerecer TeTCG [TeGeca TGCGT | |TGGTTG  TCCGC  TGCGGT  ATACT CCA CTT GGATA GGTTG  CAGTA||ATGTCA
AACTC| \TGCGCT GCTAT |GAAATC CAGAC| |CACGGA ACAGC |AGCGGC ACGCA |ACCAAC AGGCG ACGCCA  TATGA GGT GAACCTAT CCAAC GTCAT| |\TACAGT
TCAGCGAA GCCTGTCA CTACACAC CTCTA ACTAAG CATCG ACTGTCGG ACTCGCCA GCACGGAT
CGGACAGT GATGTGTG GAGAT TGATTC GTAGC TGACAGCC TGAGCGGT

GTATGCTC CAACG ATAGC ATGTG GCATTG CGCGG  CAAATC AACGTGTA
GTGCATCG CATACGAG GTTGC TATCG TACAC CGTAAC GCGCC  GTTTAG TTGCACAT TAGCCACC

PX i

Fuel-P1 . GCCTGTTGGTGC y
Fuel-P2 TGCAGTCCTCATGCGTGCCGCTAGATTCEA |
c As S ETT E -1 Fuel-J1 TCCTTACCCGCCTGTTGGTTGCGTACCGAC
Fuel-J2 TGCAGTCCTCAGCCGAGCCGCTGGTGAACT,

Fuel-Shield-1 T16TGAT A

JX,

AGTTCACC

Set-J2 GGTAAGGA
Set-J1
QIICTG\ FG"CM T-M:-la TATCAG TGTAC /TT&TGG TCGGA [GTCGGT ACGCA ACCAAC AGGCG ACGCCA  TATGAGGT GAA CCTAT CCAAC GTCAT ’lCAG‘l
ATGAC| |TCAGTT  ATGTC| ATAGTC ACATG | AATAGC AGCCT [CAGCCA TGCGT TGGTTG TCCGC TGCGGT ATACTCCA CTT GGATA GGTTG CAGTA||ATGTCA
1 D, G X X X X X I

TTGAG [ | ACGCGA CGATA |CTTTAG GTCTG IGTGCCY TGTCG |TCGCCG AGCCG ACTCCT  GACGT AGGTAC TCAGG TTG TTA TGTCA AGATC GCTCG||TGATAC
aacre| \Tocoer GCTAT) |GAAATC CAGAC| |CACGGA ACAGC |[AGCGGC TCGGC TGAGGA CTGCA  TCCATG  AGTCC AAC  AAT ACAGT TCTAG CGAGC |actarg
rd

CGGACAGT GATGTGTG GAGAT TGATTC GTAGC GACAGCC TGAGCGGT

Z 1

GTATGCTC CAACG ATAGC ATGTG GCATTG CGCGG  CAAATC AACGTGTA
GTGCATCG CATACGAG GTTGC TATCG TACAC CGTAAC GCGCC  GTTTAG TTGCACAT TAGCCACC

TCAGCGAA GCCTGTCA CTACACAC CTCTA ACTAAG CATCG |M‘."IGICGB ACTCGCCA GCACGGAT
T

Figure S2. The Sequence of Cassette 1 in the PX and JX; States.

The PX state is shown on the top and the JX; state is on the bottom. The cassette consists of four DNA
duplex domains. The bottom two duplexes form the DX motif, which can be inserted into the left slot
of the origami by double cohesion. The top two duplex domains form the PX/JX, device motif. The
strands which set the cassette to the PX or JX, state were labeled as Set-P1/2 or Set-J1/2, respectively.
The strands that are completely complementary to the set strands were labeled as Fuel-P1/2 or Fuel-
J1/2, respectively. The same convention applies for Figure S3 and S4. The cargo strand for carrying a 5
nm Au nano-particle on the duplex arm was modified with a —SH group. The overhang part of the
cargo strand was protected by the Shield-1 strand, which could be removed by its completely
complementary strand Fuel-Shield-1.
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CTGGTATC
Set-P2——
. |Set-P1
TACTG\ AGTCAA TACAG TATCAG TGTAC, [TTATCG TCGGA GTCGGT TCGGC) TGAGGA CTGCA TCCATG AGTCC AAC  AAT ACAGTTCTAG CGAGC| [ACTATG
ATGAC| [TCAGTT  ATGTC| ATAGTC AGATG | AATAGC AGCCT CAGCCA AGCCG| ACTCCT GACGT AGGTAC TCAGG TTG  TTA TGTCAAGATC GCTCG|TGATAC
X X X X_F X% X G

TTGAG [ \acGeaa caata |cTTTac et [aTaeeT TGTCG [TCGCCE TGCGT| |TGGTTG  TCCGC  TGCGGT ATACT CCA  CTTGGATA GGTTG  CAGTA||ATGTCA
CTC| \TGCGCT GCTAT |GAAATC CAGAC| |CACGGA ACAGC |AGCGGC ACGCH laccaac AGGCG  ACGCCA  TATGA GGT CCAAC _ GTCAT| |\TACAGT

P ]
CCATACGC CGCTGTCA CTACACAC CTCTA ACTAAG CATCG
GCGACAGT GATGTGTG GAGAT TGATTC GTAGC

ACTGTCGG ACTCGCAC GGTCTGCC
TGACAGCC TGAGCGTG

|AGCACCAG
rd

GTATGCTC CAACG ATAGC ATGTG GCATTG CGCGG  CAAATC AACGTGTA
CAGTTAGC CATACGAG GTTGC TATCG TACAC CGTAAC GCGCC  GTTTAG TTGCACAT CACTAGTG

PX

5nm

Au s

LLIVIODLL V1DDOVVLIOVID
134 DODLIVILDD TT

YL

5nm
Au

CASSETTE-2 Shield-2

Fuel-P1 CTGGTGCTCGCCTGTTGGTGCCGAACCGAL
Fuel-P2 TGCAGTCCTCATGCGTGCCGCTGATACCAG
5 nm
Fuel-J1 « CTGTTGGTTGCS =
ue N i Au
Fuel-J2 TGCAGTCCTCAGCCGAGCCGLTTGACTACE,
- DDD0L0VYOYILYOVYYLOIDYVLIOLLILOIDDLOVIVIVOODLIVILOD TT
J200VOLLILOWLIOLLLYIDDL YVOVDO: POIVYLOVIO
1
5nm
Fuel-Shield-2 sc CAGGATTACA ATC Au
GGTAGTCA AGCGATAG
Set-J2 ——
. |Set-J1
TACTG) AGTCAA TACAG TATCAG TGTAC [TTATCG TCGGA |GTCGGT ACGCA ACCAAC AGGCG ACGCCA  TATGA GGT  GAACCTAT CCAAC  GTCAT| (TACAGT
ATGAC|[TCAGTT  ATGTC| ATAGTC ACATG || AATAGC AGCCT |[CAGCCA TGCGT TGGTTG TCCGC TGCGGT  ATACT CCA CTT GGATA GGTTG  CAGTA || ATGTCA
I X X X X A
TTGAG | \ACGCGA CGATA |CTTTAG GTCTG || |GTGCCT TGTCG [TCGCCG AGCCG ACTCCT GACGT AGGTAC —TCAGG TTG  TTATGTCA AGATC GCTCG [ | TGATAC
GAMATC CAGAC| |CACGGA ACAGC [AGCGGC TCGGC TGAGGA CTGCA TCCATG  AGTCC AAC  AATACAGT TCTAG CGAGC| |ACTATG

TGCGCT GCTAT
]

c CTCTA ACTAAG CATCG ACTGTCGG ACTCGCAC GGTCTGCC

GCGACAGT GATGTGTG GAGAT TGATTC GTAGC | | TGACAGCC TGAGCGTG

I &

GTATGCTC CAACG ATAGC ATGTG GCATTG CGCGG  CAAATC AACGTGTA
CAGTTAGC CATACGAG GTTGC TATCG TACAC CGTAAC GCGCC  GTTTAG TTGCACAT CACTAGTG
7

Figure S3. The Sequence of Cassette 2 in the PX and JX; States.

The same conventions apply as in Figure S2. The cargo strands for carrying double 5 nm Au nano-
particles on the duplex arm were modified with a —SH group. The overhang part of the longer cargo

strand was protected by the Shield-2 strand, which could be removed by its completely complementary
strand Fuel-Shield-2.
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Set-p22°5cTe

. |Set-P1 "
TACTG| AGTCAA TACAG TATCAG TGTAC, [TTATCG TCGGA IGTCGGT TCGGC| TGAGGA CTGCA TCCATG AGTCC AAC  AATACAGT TCTAG CGAGC| ACTATG
ATGAC\ [TCAGTT
1

ATGTC| ATAGTC ACATG | AATAGC AGCCT |CABCCA ABCCG!;'ACTCC‘I' GACGT AGGTAC TCAGG TTG TTATGTCA AGATC GCTCG||TGATAC

| X b G | X X =

TTGAG [ \aceeoa ccata |cTrmac orere | [6Tecer TGTCG [TCGCCG T6CGT||\TGGTTIG TCCGE  TGCGGT ATACT CCA CTT GGATA GGTTG CAGTA||ATGTCA
AAcTC| \TGCGCT GCTAT |GAAATC CAGAC| |CACGGA ACAGC |AGCGGC ACGCA |ACCAAC AGGCG ACGCCA  TATGA GGT GAACCTAT CCAAC GTCAT| |TACAGT
]

£
GGTGGCTA GTCTGTCA CTACACAC CTCTA ACTAAG CATCG
CAGACAGT GATGTGTG GAGAT TGATTC GTAGC

ACTGTCGG ACTCGCGT CGTCAACG
TGACAGCC TGAGCGCA

|TAACGGTC
7

GTATGCTC CAACG ATAGC ATGTG GCATTG CGCGG  CAAATC AACGTGTA
GACGTTGA CATACGAG GTTGC TATCG TACAC CGTAAC GCGCC  GTTTAG TTGCACAT ATCGTAGC

PX

10 nm
Au

CASSETTE-3

Fuel-P1 GACCGTTACGCCTGTTGGTGCCGAACCGAC,

Fuel-P2 TGCAGTCCTCATGCGTGCCGCTTCAAGCGT
Fuel-J1 CGTGTCAACGCCTGTTGGTTGCGTACCGAC,
Fuel-J2 TGCAGTCCT ACCG

Fuel-Shield-3 TAGCTCCGTGTATTCCGAGAAAAACTCGGA J x2

CGGTTACG

satg2 TIGACACG
Set-J1 S

TACT! GTCAA  TACA TATCAG TGTAC TTATCG TCGGA |GTCGGT ACGCA ACCAAC AGGCG ACGCCA TATGA GGT GAACCTAT CCAAC GTCAT| | TACAGT

ATGAC\ [TCAGTT ATGTC| ATAGTC ACATG AATAGC AGCCT [CAGCCA TGCGT TGGTTG TCCGC TGCGGT ATACT CCA CTT GGATA GGTTG CAGTA|/ ATGTCA
= X X I X X X X 1

TTGAG ACGCGA CGATA |CTTTAG GTCTG IGTGCC‘I TGTCG [TCGCCG AGCCG ACTCCT GACGT AGGTAC TCAGG TTG TTATGTCA AGATC GCTCG || TGATAC

TGCGCT GCTAT |GAAATC CAGAC| |CACGGA ACAGC |AGCGGC TCGGC TGAGGA (‘.“I’Gi:’ TCCATG AGTCC AAC AAT ACAGT TCTAG CGAGC/ |ACTATG

rd

GGTGGCTA GTCTGTCA CTACACAC CTCTA ACTAAG CATCG ACTGTCGG ACTCGCGT CGTCAACG
CAGACAGT GATGTGTG GAGAT TGATTC GTAGC | | TGACAGCC TGAGCGCA

pa
GTATGCTC CAACG ATAGC ATGTG GCATTG CGCGG  CAAATC AACGTGTA

GACGTTGA CATACGAG GTTGC TATCG TACAC CGTAAC GCGCC  GTTTAG TTGCACATATCGTAGC
7

Figure S4. The Sequence of Cassette 3 in the PX and JX; States.

The same conventions apply as in Figure S2. The cargo strand for carrying a 10 nm Au nano-particle
on the duplex arm was modified with a —SH group. The overhang part of the cargo strand was

protected by the Shield-3 strand, which could be removed by its completely complementary strand
Fuel-Shield-3.
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037 | A8
FA-9
m—
A-3
FA-7
FA-8
FA-9
(b) (e)
0-58 0133 | | 0432 0462 | | 0-163
FA-2
F‘l’g A-8
A-5 A Acd
Acd FA-2
FA-5
(c) g2 <l (d) e
Y
e :
7 A-6| 1
3
A3 ﬁ A5
( 0-106 04107 (
~
081 | | 0-80 0110 | | 0111 < 0110 | | 04m 0133 | | 04132

Figure S5. Schematic Drawings of the Whole Walking Process and the Sequence of the Walker.

The walker consists of 7 strands, which were labeled as 1 to 7. Single strand extensions from strand 4,
5, 6 and 7 act as feet of the walker. The feet could bind with the origami helper strands (labeled as O-*)
by anchor strands (labeled as A-*). The anchor strands could be removed by the completely
complementary fuel strands (labeled as FA-). Totally there are 9 anchor strands and 9 fuel strands.
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* Some labels refer to origami strands in Figure S1, different from those in the main text. To clarify,
the correspondence between the notation in Figure S5 and in Figure 2 is shown in the table below.

037 < la Al (in part) <> the complement to la
042 < 4a A2 (in part) <> the complement to 2a
058 « 2a A3 (in part) <> the complement to 3a
081 « 3a A4 (in part) <> the complement to 4a
0107 < 4b AS (in part) <> the complement to 1b
0110 < 1b A6 (in part) <> the complement to 4b
0133 < 2b A7 (in part) <> the complement to 2b
0147 < 4c A8 (in part) <> the complement to 3b
0162 < 3b A9 (in part) <> the complement to 4c

Sequences of Walker, Anchor, and Fuel Strands:

5->3

Walker-1: GCATCGTATGTAGCGCGTAGTGGTCGCACAATACACGGGTGTCAGTGTGTTGC
Walker-2: TACGTGATGACGTACTGATGTGGTAGGCTGCTGGCCGAGTTATGGTTGACCGC
Walker-3: GATCATGCAGTGGCTAGTCGTGGTATCGCTCGCGGCAAGTGCCAGTATAGCTG

Walker-4:
TGTGCGACCTGCTCTCGTGCTGATATGCCTTGATCGGACATCAGTACGTCATCACGTATTT
TATCTGTTAGCA

Walker-5:
AGCGATACCTGATAATAGACTGTGAATAGTTGTACGGACTACGCGCTACATACGATGCTTT
TGTGACGGCGTC

Walker-6:
CAGCCTACCTGGTGAGTAACGTCCATGTCGATTCAGGACGACTAGCCACTGCATGATCTTT
TGCGCCAATGGC

Walker-7:
TCAGCACGAGAGCACCGTACAACTATTCACAGTCTATTATCACCTGAATCGACATGGACG
TTACTCACCACCGATCAAGGCATATTTTGATAGGATCT

A-1: AGTAACCAAAGTACAGCACTGCGACGCCGTCACCAATAC

A-2: ACAGAGTCCGATGTGGATGTCATGCTAACAGATATCAGT
A-3: GATGTCGGTACGTGTAGCCACGGCCATTGGCGCTGCACG

www.nature.com/nature 14
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A-4: CCATACAAGTATGTAGATCCTATCCATGAC

A-5: CATCGAGTGCATAGCGGTCGAGGACGCCGTCACGTAGTC
A-6: TGCCATGAAGTTGAAGATCCTATCGAACAT

A-7: GATGCGTAGACACGGTTAGCAGTGCTAACAGATACGGCA
A-8: TGATGCAAGTGTCGTTATGCGAGCCATTGGCGCTATACG
A-9: TGCCGACTCCAATGAGATCCTATCTGGACA

FA-1: GTATTGGTGACGGCGTCGCAGTGCTGTACTTTGGTTACT
FA-2: ACTGATATCTGTTAGCATGACATCCACATCGGACTCTGT
FA-3: CGTGCAGCGCCAATGGCCGTGGCTACACGTACCGACATC
FA-4: GTCATGGATAGGATCTACATACTTGTATGG

FA-5: GACTACGTGACGGCGTCCTCGACCGCTATGCACTCGATG
FA-6: ATGTTCGATAGGATCTTCAACTTCATGGCA

FA-7: TGCCGTATCTGTTAGCACTGCTAACCGTGTCTACGCATC
FA-8: CGTATAGCGCCAATGGCTCGCATAACGACACTTGCATCA
FA-9: TGTCCAGATAGGATCTCATTGGAGTCGGCA

A-Biotin-Walker-7 is a special biotin modified strand that can anchor the walker to the streptavidin
bead by binding with the foot on Walker-7. FA-Biotin-Walker-7 1is A-Biotin-Walker-7’s
complementary strand.

A-Biotin-Walker-7: TT-Biotin-TT-Biotin-TTTTTTTTTTAGATCCTATC
FA-Biotin-Walker-7: GATAGGATCTAAAAAAAAAA

www.nature.com/nature 15



doi: 10.1038/nature09026 SUPPLEMENTARY INFORMATION

a bcdefgh ik

Figure S6. Non-Denaturing Gels of Components of the System.

The images are 5% non-denaturing gels run at 25 °C. Lane a contains a 100 nucleotide pair marker;
lane b contains the walker without the foot and hand extensions; lane ¢ contains the walker with the
foot extensions, but without the hand extensions; lane d contains the walker with the foot and the hand
extensions; lane e contains another 100 nucleotide pair marker; lanes f and g contain cassette 1 in the
JX, and the PX states, respectively; lanes h and i contain cassette 2 in the JX, and the PX states,
respectively; lanes j and k contain cassette 3 in the JX; and the PX states, respectively. For lanes b to d
and f'to k, 20 [JL of each molecule at a concentration of 50 nM were loaded into the well.
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Figure S7. 3% Agarose Gels showing the Au-DNA Conjugates.

For each gel, the left lane contains Au nano-particles (AuNp) as a marker. The right lane contains the
Au-DNA conjugates. From bottom to top, each band corresponds to particles bearing an increased
number of DNA strands. The first conjugate was collected (arrow head) to form the cassettes. Lane a
contains 5 nm AuNp; Lane b contains 5 nm AuNp and DNA duplex (arm of cassette 1) conjugates;
Lane c contains 5 nm AuNp; Lane d contains 5 nm AuNp and the shorter DNA strand (arm of cassette
2) conjugates; Lane e contains 5 nm AuNp; Lane f contains 5 nm AuNp and the longer DNA strand
(arm of cassette 2) conjugates; Lane g contains 10 nm AuNp; Lane h contains 10 nm AuNp and DNA
duplex (arm of cassette 3) conjugates.
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Figure S8. Schematics (a) and Atomic Force Micrographs (b) of the Walking on the Origami.

The origami with three slots is shown in light yellow in (a). Nine single strand extensions from the
origami helper strands are shown as black stems. They are shown below the slots, and they act as
stations for the walker. The walker is shown in red. AFM was performed in tapping mode in air in
panel (b). Panel i of (a) illustrates the origami array containing slots for the cassettes, helper strand
extensions for the walker and a notch to enable recognition of orientation; only the notch is visible in
the AFM in (b), dehydration in air shrinks the origami, making the slots invisible. Panel (ii) of (a)
illustrates the binding of the walker at the first transfer station shown below the left slot of the origami.
The presence of the walker is evident in the AFM image in (b). Panels (iii) show the first step walking
forward along the origami in the schematic (a) and in the AFM image (b). Panels (iv) illustrate the
second step walking forward (a), bringing the walker to the second transfer station shown below the
middle slot of the origami, which is evident in the AFM image (b). Panels (v) show the third step
walking forward, both schematically (a) and in the AFM image (b). Panels (vi) illustrate the fourth step
walking forward, positioning the walker at the third transfer station, shown below the right slot of the
origami (a); it is visible in the AFM image (b). All scale bars are 50 nm.
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Figure S9. Schematics (a) and Atomic Force Micrographs (b) of the JX; to PX Switching for
Each Cassette.

i)
|

AFM was done in tapping mode in buffer. Panel (i) of (a) shows cassette 1 with cargo-1 (5 nm Au) in
the JX, state was placed into the left slot; it is visible in the AFM (b). Panel (ii) of (a) illustrates the
state of cassette 1 dynamically switching from JX, to PX, bringing the 5 nm Au toward the walker
pathway, which is shown clearly in the AFM (b). Panels (iii) to (iv) of (a) schematically show the result
of insertion into the middle slot, cassette 2 with cargo-2 (double 5 nm Au) switching from the JX, state
to the PX state; the AFM image (b) clearly shows the change of Au position. Panels (v) to (vi) of (a)
illustrate insertion into the right slot, cassette 3 with cargo-3 (10 nm Au) programmed from JX; to PX
state in the schematics; the reprogramming switched Au from up to down, which is evident in the AFM
images (b).
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Figure S10. Additional Zoomed TEM Images of the Walker with Cargo-1 and Cargo-3 for
Statistical Analysis.
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Figure S11. Additional Zoomed TEM Images of the Walker with Cargo-1, Cargo-2, and Cargo-3
for Statistical Analysis.

1 - . 2 3 = 4 .

- - -
5 . 6 7 ]

L]
9 - 10 1 =2 12

rd -
13 e . 14 . 15 16
f |

17 18 19 20

www.nature.com/nature 24



doi: 10.1038/nature09026 SUPPLEMENTARY INFORMATION

21 22 wie) o 23 24 5
= . L3
L g . i«
25 26 27 28 &
. - -
£ i,
L 4 L
29 ¢ 30 . 3 a2
L L ‘ " P
- & "
. -. 4 L A
33 o 34 s 36 A
- L] -y -t.
37 38 39 40 .
- iz
4

www.nature.com/nature 25



doi: 10.1038/nature09026

4]

45

49

53

57

www.nature.com/nature

=1

42
-
46
T
.,
50
54
58

43

47

51

59

SUPPLEMENTARY INFORMATION

R
48
-
52
56
.
y
60

26



doi: 10.1038/nature09026

1

e

657

73

)

www.nature.com/nature

66

70

T8

63

Tl

79

SUPPLEMENTARY INFORMATION

27



doi: 10.1038/nature09026

81
L]
-
85 = e
by -
. -
»
89
‘e
93
Joe
..
L]
m“i

www.nature.com/nature

98

83

87

a1

wa

SUPPLEMENTARY INFORMATION

83

92

100

28



doi: 10.1038/nature09026 SUPPLEMENTARY INFORMATION

Figure S12. Distance Distribution between the 5 nm Au nanoparticle and the 10 nm Au
nanoparticle on the Walker.
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Table S1. Statistical Analysis for Different Additions.

When the 3 kinds of gold are all set to be transferred to and carried by the walker,
the yield is around 43%.

Frequency | Yield
(5)/(5-5)/(10) 119 43% Target products
(5)/(5-5) or (5)/(10) or (5-5)/(10) 54 20% Partly formed products
(5) or (5-5) or (10) 102 37% Partly formed products

The numbers are counted from 100 zoom-in TEM pictures.

When any 2 out of the 3 kinds of gold are set to be transferred to and carried by the
walker, the yield is around 70%.

Take (5)/(10) as an example:

Frequency | Yield

(5)/(10) 225 72% Target products
(5)/3-3) (zg)(/s(?ss_)s/)( /1((3);) r(5-3) or 7 2% Mistaken products
(5) or (10) 82 26% Partly formed products

The numbers are counted from 80 zoom-in TEM pictures.

When any 1 out of the 3 kinds of gold are set to be transferred to and carried by the
walker, the yield is above 90%.
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