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Strand Displacement
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Material and methods:

Structure Design

The sequences of the 4-armed cross-shaped tiles and the 8-helix bundle tiles were copied from our
previously published work (S1). Random sequences of 7-base or 8-base were chosen as toe-hold regions.
15-base long fuel strands were designed to be fully complementary to the sticky-end 3’ and the toe-hold
region. The strand sequences used are given below.

Fixed-size DNA Array Assembly

DNA strands were purchased from Integrated DNA Technology (www.idtdna.com) and purified via
denaturing PAGE. The concentration of each strand was estimated by measuring ODg. Each individual
tiles were assembled by mixing a stoichiometric quantity of the strands involved in the tile in IXTAE/Mg
buffer (20 mM Tris, pH 7.6, 2mM EDTA, 12.5 mM MgCl,). The final concentration of each strand was 1.0
UM. The DNA mixtures were cooled slowly from 90°C to room temperature in 2L water placed in a
styrofoam box over 16 hours to facilitate hybridization. Non-denaturing PAGE gel was used to confirm the
assembly of each individual tiles. Then a stoichiometric volume of the tiles were mixed with the final
concentration 0.11 uM for each 9-tile array and 0.04 uM for each 25-tile array. The mixture was program
cooled from 40 to 10°C in a PCR machine. The cooling was cycled 5 times in a 5°C step at a speed of 0.2
degree per minute. The initial moderate heating and cycled slow cooling was chosen to balance the needs
between avoiding disassembly of the tiles, and eliminating the possible mismatches among the different
sticky ends of the tiles.

Subtractive Assembly

Subtractive assembly was executed by adding 10 times quantity of the fuel strands to the assembled arrays
in 1XTAE/Mg buffer. The reaction mixtures were incubated at room temperature for 20 hours before AFM
imaging.

AFM Imaging

To prepare the sample for AFM imaging, 2 uL of 1 mM NiCl; solution was first spotted on a piece of
freshly cleave mica (Ted Pella, Inc.), and left to adsorb on the surface for 2 min. The Ni** adsorbed on
mica surface can help the DNA array stay on the surface during the scanning (S2). Then 2 pL of the sample
(10 times diluted in IXTAE/Mg buffer) was added to the spot and left for binding to the mica surface for 2
min. Finally, 30 pL 1XTAE/Mg buffer was added onto the mica. Imaging was performed under 1IXTAE/Mg
buffer on diMultiMode V AFM (Meeco Inc.) in TM AFM mode, using the tip on the thinner and shorter
cantilever of the NP-S tips (\eeco Inc.).

Reference:

S1 LiuY,; Ke,Y,; Yan, H. Journal of the American Chemical Society 2005, 127, 17140-17141
S2 Hansma, H.G,; Laney, D.E. Biophysical Journal, 1996, 70, 1933-1939
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DNA strand structure and sequences used in Fig. 1
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TTCTCACGGG ACGCCTC GCCACTT

YYOVOLI932D 19299VD
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Sequences of two fuel strands used to remove the C tile in the 3x3 tile array:

5’-CACTATTGGTGAAGC,;
5’-GCAGTCTGCCACTTA.
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DNA strand structure and sequences used in Fig. 2

DIOLVLL DDDLOVY DL

GCGACTTCA

D0LLYOD
GGAATCC

V1IODDLLDOLDY
TACGGAACGAC
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_‘(T‘(.‘.-‘\:\'I'L‘C."\1"I'L't: TGGCTCC TOGATAGGCTAAGCC|IGATTCC T
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GAAAGGGACTCA GGAGTCA|GGGGACCGGAGCCA GGCAGC GOGCATCGAAGC L

TTTTGATGAGGAACGG |ACTATGG ACGCTCCGAGTAGG| ACAAGGG ACGACTCGTTTCCTTTT
LCTACTCCTTG runm-r] TGCGAGGCTCATCC| [GTTCCC TGCTGAGC il
!\{‘(‘it'(f('l,f.ﬂ GGTTGCA GGACCTTGGACTCA| GGTATCA GGCCGCCCTACTC
1111112120000004100vvo0l 2323100vvD01ovoLl bovivol D00PNI0D0OVIDVOLLLL
ATUACCLCUGATCC TGTACCO[TGTTGTGCCACGCC TGCGACC| FGTCTGGTTCGAG
TTTTTACTGGGCTAGG ACATUGGJACAACACGGTGCGG ACGCTGG WCAGACCAAGCTCTTIT
CAGAAGGAGCCA|[GOAACCA GUATCTCOGAATACA| [GGAGACA GGGAACTCTGTTC
L LLLBLOLED0 1000 [00L1091 DOLYOVOILLVLIOL| DOLDLOL 300LLOVOVOVVOLLLI
CTCCGCC TGTAAGG TGCAAAG GAGAAGGAA
AGGGATT I(x l- AGGCGG ACATTCC ACGTTTC CTCTTCCTT TTATGIG
VIDOJLD DOJLODVVOL J0LLVDD VIDIDLLDILDOHOL
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GCGACTTCA GGAATCC TACGGAACGA A
TTTTGGTTAGGTAAGG ACTATCCGATTCGG| ACTAAGG ACGGCTCACTACCTTTT
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GAAS L"I'Cg}__ TGAGTCA|GG GGCAGC GOGCATCGAAGC L
TTTTGATGAGGAACGG| |ACTATGG ACGCTCCGAGTAGG|ACAAGGG ACGACTCGTTTCCTTTT
tLTACTCCTTG TOGATACC TOCGAGGCTCATCC|FGTTCCC JCTGAGC il
GUGACCTTGGACTCA|GGTATCA GGCCGUCCCTACTC
DILDOVVYIDLOVOLIDIOVIVOL 23000000VIOVOL

ATGACCCGATCC TGTACCO[TGTTGTGCCACGCC TGCGACC| FGTCTGGTTCGAG
TTTTTACTGGGUCTAGG ACATOUGGACAACACGOGTGOGGE ACGCTGG WCAGACCAAGCTCTTIT
GAAGGAGCCA [GOAACCA GGATCTCGAATACA| [GGAGACA GGGAACTCTGTTC
LLLLDLILLDDLIDDLIIDDLLODL JDLVOVDILIYIDLIPOLILOL J22LLOVOVIVYDLLLL
""ACCTCCGCC TGTAAGG CAGCCAAACCGCCC TGCAAAG GAGAAGGAA
GATCGOC TGGAGGCGG ACATTCC GTCGGTTTGGCGGG ACGTTTC CTCTTCCT T GTCACAA
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CLLOVIOD ool \' D2LAVOD VIOIILLOIL D00 L VOVY LY DVOVIVL
GUOACTTUA GUAATULD TACGGAACGACCCA o
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CGUGUACCGUAGUUA GUOAGOA GOUGUATCOGAAGOL

ACTATGG CTCGTT I( S ] T
TOGATACT

AGCANAL
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ATOATCTCUGOATOC TalACe TOTTOGTOUCACLOD TOCGACC| TGTCTUGTTUGAG
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O Ll L PLVOVODOLLYLDL POLILDL D00
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CAGAAGUAGUCA[ [GUAACCA GOATCTCUGAATACA GOAGACA GGO CTCTGTTE
LLLLOLILLD LD L [23LLD0L 22 LVIOYDILLY LY.L 13 L1 1.0 DV OV OV VOLLLL
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LLLL D292 LOVVOL DDLLVOD VIOODDLLODLDDD L
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n_l_l_.]lll.}.'l! nvonl PALAOV N 1.r 20
LA MM
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GUACTOA GOAGTOY CGOUOGUACCGUOAGUUA GUUAGLY FUGUATCOAAGOL

TTTTGATUAGUGAACGO [ACTATUG ACGCTCCGAGTAGG] MCAAGGU ACGACTCGTTTCCTTTT
CTACTCOCT TGO ITGATACE TOUGAGGUTUATOC GTTOeeC TOCTGAGCAANAGG

AAGAGLOUCCCA|IGHTTOUA GUACCTTUGAUTOA i
JILLLIDLI9090 ]| 33IVYVIDL 33100V VIILOVOL D

! A A GLHOCCHUCCTACTC
|

PTATE
IVIVIL 20003000V LOVHLLL

TOTTOGTOUCACLOD TOCGACC| TGTCTUGTTUGAG
AUAAUACGH TGOGL ACGLU TLG] AoAaGALCUAAGCTCT T LT

IFTITTACTGOGGL AL

GOATCTCGAATACA GOGAGACA GO
L 1L 3.

AL FGAACTE
LLLLYLD VOVDOOLLY LY.L JILLY

TGTTC
VDOV OVYOLLLL

TUTAAGL CAGCUAAACCUGUCUU TUUAAADG UGAGAAGUAA

CUALTTCT ALCATTOL GTUGUTTTOGCGOG ACGTTTE Tl I.['('I'I ITCiTEiAL

Sequences of the two fuel strands used to remove A tile in the 5x5 tile array:
5-AGTCAGCCTTATGTG;
5-AGGGATTTCAACTTC.



