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Abstract:

nanometer precision.

Molecular self-assembly presents a bottom-up approach to the fabrication of objects specified with
DNA molecular structures and intermolecular interactions are particularly amenable to de-
sign and create complex molecular objects. In this paper, the design of DNA tiles, self-assembly of two dimen-

sional DNA arrays and the recent progress in this prospective field have been briefly reviewed.
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Fig.1 Scheme of programmable design and self-assembly
of DNA crystals
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Fig.2 Sketch map of assembly steps for the 2D DNA crystal
(a) A, B, C, D are four kinds of DNA tiles with different sticky-
ends. Each molecular tile B contains two protruding structures
that extend out of the crystal plane, one above and one below.
The filled circles in the figure represent the protruding struc-
tures; (b) DNA tiles self-assemble to a 2D DNA crystal by

cross-association of sticky-ends.
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Fig.3 (a) Migration of a branched DNA junction; (b) a stable branched DNA tile; (c) formation of a two-dimensional

lattice from the stable branched DNA tiles with sticky-ends

1.2 RFEITHNZX DNA 4 FE(DX 5FR)
HAb 2B B 52 € DNA 2 F RLESEL A 70 X 1y
DNA 731 ILE5 M 52 F PR M ATTRE IR il BE M &2 A 1)
TG, B 4 9% 6 B DNA 22 X T ELi s B,
B v B D7 3 8 XA X (double crossover) , BV AF 7
2 NAE A 5 2 DNA TR R — 1%
SR o AER T ORI M A T 18], TR A" SRR DNA
B 373 535 95 1] 5 EAK P17 (antiparallel) , 5 B
“P"FRR 5 EMT17 (parallel), 2 438 X5 Z [HIH 4L

A2 IR (half turn) F 2B “E7 2R, A7 8042 12
HFRE“073R78 . DAE+] 48 DAE ZERI1) 73+ FLH ]
FEAR G —A~ F DNA 4G A & Je T 2654 (] 2a h
() B 70T L LB te).,

DNA RAE L4y FUH 2 N V0 28 X F i 2
ZH RIS, DX 3 FU B 2o FH T 36 PR o 4 e R v A L
T 2 2o AR A P R AR B ST, R X TR S
Pl SR RS [ S-47 9 DAE .DAO F1°F-17 (%) DPE
DPOW .DPON,, “F-47HYALZE X DNA 43 F FLAEAEAE 7



- 1446 - P A

%521 %

DAE DAO DAE +1] X X2

Kl 4 245X R DNA 431 BL R IR
Fig.4 Sketch of DNA crossover tiles

BEE FL UK AN ERE , PN REAE 4 DNA 9K H AR Y
AR U8 R OPAT I AE S DNA 43 BL I B
JE o WL R R DAE BA b iy Wl . il i 7
DAE E#SIn—A> % Je B a5 4, T LIk D RE Ak 19 449 K
A F 5] AF] DNA Sk,

24 DX gy 36 1A DU e 45 H B i TX
(TX :triple crossover)7:—¥-FL . #7 2 A< AWUIETE 2 [H] £EA4F
Z A X ai kg, A Z  PX (PX:parallel
crossover) 7§ FL . XTI T PX 4544, HAT B HH AR 1)
KUEESEEHE  F5 0 IX2 73 FL(K 4). 55— 19 DX
r PRI, 24 DX 7 T IRES G TE— R IE M &
AIr R, B AL A AR P AT

2 DNA ¥R BHAHKMEI =% DNA
am

DNA GOKRE AR R R (1) Beg 71k
BT BORG 1 3 9 K G 1) 25 W) o 5 (2) SE 30 T TE 94
KA ] A i 2 A R A 5 4 5 (3) i I i 3L T B
SERATEE , DNA 9K EOR 1 — A 8 24 R — 2
DNA @A, DU BOAR RE 94 HA DG i RE S5 1 i
() 53— FI 9 OKORL K5 B 1l 1) 2 26 4 B3 1 (9 K ) 2
AL
2.1 M Holliday #5483 B B — 4 DNA B {E

Holliday 45 A~ f& K AR ) WIE 43+ (B2 3l o 24>
Holliday 25 45 & 1 — & g B W B A NIPE | 454
BRI F L, Seeman®H 4 /75 B2 B K (1) AU iE
L —A 4 4> Holliday 45 F1 4 4K A 3t (1 22 T2
43 FL, AT B 228 1 —4EHES (] 5a), FEi% 7+ B
(1) 8 45 L&A M LR A vy, B 4R A5 31 4t
WIS (18] 5b), xSt oE KB BOT 2208 70 1 L2
FOE Ry, i H AT R 47 B9 W o Seeman 7E 2002 4 X

18 758 1 Holliday 5 12 1 — 4 J& 3 HE 51 )
Holliday 45128 X/ B, FAMHFMZEIE 7+ A4
T 4k TR HE S (An & Sb), AFM UL 1 5 A4S
771 N 19.8 nm x 20.4 nm, XX MAEL K
43°, XS54 Holliday A 53 BT e 1) 28 A
FE 40°4EH W45 i HLTE fh iR Holliday 45 198 in 77
] FIAE DNA A o i 7 g 2 — 300 #8247 T 18
JiE .

5 Holliday Z5JF B — 45 A —4E (0 DNA SR 4544
Fig.5 1D and 2D self-assembly produces a latticework of
DNA by Holliday Junctions

Hao™#& it 7 1 4~ 4 1> Holliday 45 H 413 1M
SRS 4R D7 AR G5 A A% (18] 5c). T FLHT 9
TR REEZH K, B I 4 4> Holliday 45, AR 4>
Holliday &5 & 25, H Y FHAL 3 456 78—



10 #

W08 25 . — 4k DNA 4 PR 0 P A 15 1 200235 m 5 a0 e . 1447 -

Jei , 38 e A P B A UK RAE % T LA —E
MIPE . 3453 F FUAS B AT AR B AH DG E A9 RS P oK
vty , AT A 2 A 01 BC IORS P 2R ity A B DEE, T A%
LIRS - TR LR 3 A AR ) AR T
FLH B L 4E 2 2 0 JE B 48 DNA S 45 7T L
PR B AR R A, AR 7= W] DAHT kAR
RIS KA R AR B — ZE 4 K 2
Liu™E 5% T 1 /4~ 5 25 DNA 4% 4 h A9 Kl
“MEATR, AN DT R0
() DRSS 43 F BU , 5 45 720 Hh — AR UIBRE 4 %, 3X > = £
B 38 X4y B AH 2 JE AR 1 88 J5 H Tk o0 T S A e 1Y
TE R = M N A e 60° 28 47, K5 B 5
ZRAE I DNA S A PR I AR B RO 8 an 5] 6a I
Py e 71 I e ¢ | A2 o e T S N i Y A g e
IE ORGP R o, R LI AR B OR [A] 4R Fh 45
Chelyapov #1027 AU = MAIE 40 F 5O, F 42K
T 4 A5 (& 6b), 5 Liu A X 51 &

K6 = fJE DNA 73T FLJE WY — 4 IR 254
Fig.6  Branched triangle DNA tiles self-assemble into
2D DNA crystals

= AAIE 431 BU 2 R 2 S SUAE TE RGP K o AH 4
2, 107 FLOSUIRTE Y 2t 2 25t A DR I A 0 10 7 2
NIHIERT
22 HDXHFERBHAKBKH 4 DNA &k

AT EE X DNA 431 L (DX 43 L) A 1R
Sf B W 2 — A S ARG SRR R 3R R A 2
HAMNFEHH NS 1 5K . Winfree B PHE Tl
B DX 201 B A [R] 3 F1 4544 1) . 4E DNA
A, DRl DNASUSR I fr) 285 # 2 © 004 81 b 3 ot
B3 B H B Y S EIOR BB N AR I 43 BLAY R
/N, 7E Winfree B SE5 1 DX 70 F FLZY 2 nm x 4 nm
x 13 nm B 2 nm x 4 nm x 16 nm K/ il o kG R
Uit FH L VT BE [ 20 2% A — 4 DNA &K (2 wm x 8
pm, & 8 1~2 nm), 7EHA DX 73 F B0 EBW—4 %
Je R GEH (R DAE+) AL 43+ FOAE 3 dbbric , 15 51
T2 A 25 nm . 33 nm .64 nm(& 2, & 7)8 44
FhGEAE Rl A e e AU Z5 g ] LUFIME i ik i) 4
KL 1) 20 45 9 AR 1128 R KORE T Gy 5538 3
LA B AN B T A B TR AN K BN A Ak
WF5E R REAE T B & A M RRIR Y DX 7
FUMN TS B[R ME G DNA A i /b do ] LA
TE f AR 3R T 38 o Bl T % ke 1 fm = B 2 Kk e 4
4 o L5 ik 070 Sz R 5 A7 PR 1 A6 1) 2K e B
SEH AR IR R BR 25, WO S AR SR T A IR 52 g
s VR 2 THT 1) 18 4 AT LA In — 4 DNA ik R i i 2
R DT A 42 ) 2 W00 o ) 454

XSS S35 B b A T Je RV A48 43 i o
1 #1°0, Hao™ B3t T AL & {5 B DX 70 T 1L, A 4%
B LA 25 PR 2 1 DNA il B 45 0E R 5 Fh
DX 3 F BLM I, 7RI S A 45 1 2025 01101
(9 i A E) AFM LR, XA R 2 75 nm 58, A AR
(PR A 2% BE B2 16 nm, AHARIE 1Y > 2545 22 1]
RS JE 31 nm,

Seeman®'i& i1 1 H1 W AE X444 1l ) = AR JE NI

1000 nm
7 4k DNA SREY 43R DNA 735 3585 40Kk 1 1 2% 52
Fig.7 Self-assembly of gold nanoparticle arrays templated on a 2D DNA scaffold



. 1448 -

I oM

S 521

PE 53 F FU (K 6¢), = fAIE ) 5 55 30 HB & — 1> DX 43
T I, XHFERYEEH FIET I 42 2 A9 Chelyapov 111y
H AR A4 1 18 = A8 23 1 FUAH B, B T i
PE o XA = MTE B B TR PR RGER i, 1 KG
PER o 1 VE FC MR AR BN 58 3% . 6 DX AR = MIE
53 ¥ LA AR Jl— N HEZS IR S50 B e 15 30 1) —
4k DNA Ah IR 4548 J2 HE S TIE At SR, S5 it
W22 Xy 1 AT SRR W
23 TXFEEZXZDNASFR

TX 53F B 3 A XUBRTiE 45 4 3% 45 A — & 1y H.
TATH HO I LaBean™i% 31 T AN 9 TX 43
T FL, A R B 2 DG C RS T R o i 4 TE — R B
R 4E AB K&, A% R0 23 B E 4F AT U 7R —
AN BUIRTiE s HUE TX 254 HY C(C'J2 C g% 90° )5
HYRET), AT LATE Z4EA% (10 R T AR b S 80
4549 ABCD F51)(fnl&l 8).,

\ ABCD Array
C === ====

e - e |
B8 2 A TX 20 TR, 1 ANBERE 90°1 TX 43 1 KL
FIT A BURTETE B — 4 DNA dh ik
Fig.8 Two-dimensional crystal composed of two TX

molecules, a rotated TX molecule, and a

double helical molecule

3 GiR5RE

Winfree £ 2 1416 19 — 2 DNA &K 7] LA
FHREAT DNA T 3 0] LAAE S 35 i ofe 41 206 HoAth 48 43
TR T, T B R B 40 K 45 4 18 40 T R
A g e S (ST AT LUGE 4 A9 DNA SR R
B AR ZE R, DT A Sy I At 2 7 & AR 1 F2 44
T4 DNA SR 3 23 5 R A 2 1 Dy g R okob
B9 5 i b B A FOBOREME L B2 M B DNA A AR
O REAS PP 91 ] g e 1 5 LU BB F 0 B B A
15 AN N 2 & N B M R 1 X O YA R SR /L
Watson-Crick F 58 3 e X3 N | B 43 DAV 9 P RS
FI 21 2% B 050 (A K 2 % a4 FH R 2047 32
B H | IR BC AR 3 DNA 90K HLAS 55

B2 4 DNA fiR W AF7EE E RIA 2 | iRTE E
F7TE Y I B2 O A pH (BTG AL AS AR b T 7E 4%
MEw T A%, AXEHRZ—5 Seeman H AR A
PR DNA fi A Sy S A8 0 9 K 2k B B 2 A 1) 4 2%
BE9E 2002 4F B K 5 50T 90K 4 K0 T (1.4 nm)ff) —
Y f R, 7 DNA A 1 20 25 87 1 B Pal At
AW 031, AT AR 45 G 6 R 2 18] BE RS HIRBIF 5T
AT 0] AE ELAE FH RN 1505 DNA B AH BLAR
JH. DNA 3 ¥ FCAE RIS b g HI ok 7™ A AT Ay A 2 i —
YL =20 TR BR RN, X BERAR R S Y R A
MOBERIA AR S BA T 2 A2 Mg fe D #E
FIHLARPERE , DNA 442K 3 21 e B0 i FE R 7 Ak i
THRURS B Y B 20 2% A= R B S 2 ok ok i ot 1) - 1Y
(bottom-up) 73~ i 4 FI A8 K il & AR b O HR Z

S % 30k

[1] Preece J, Stoddart F. Nanotechnology in Medicine and the
Biosciences. Netherlands: Gordon & Breach Publishers, 1996.
211~230

[2] Zimmerman S C, Zeng F, Reichert D E C, et al. Science,

1996,271:1095~1098

[3] Bell T W. Science, 1996,271:1077~1078

[4] Robinson B H, Seeman N C. Prot. Eng., 1987,1:295~300

[5] Kimball A, Guo Q, Lug M, et al. J. Bio. Chem., 1990,265:

6544~6547

[6] Seeman N C. Nanotechnology, 1991,2:149~159

[7] Li X, Yang X, Qi J, et al. J. Am. Chem. Soc., 1996,118:6131~

6140

[8] Liu B, Leontis N B, Seeman N C. Nanobiol., 1994,3:177~188

[9] Cohen S N, Chang A C, Boyer H Y, et al. Proc. Nat. Acad.
Sci. USA, 1973,70:3240~3244

[10]Caruthers M H. Science, 1985,230:281~285

[11]Seeman N C. J. Theor. Biol., 1982,99:237~247

[12]Petrillo M L, Newton C J, Cunningham R P, et al. Biopolymer,

1988,27:1337~1352

[13]Leontis N B, Kwok W, Newman J S. Nucl. Acids. Res., 1991,

19:759~766

[14]Qi J, Li X, Yang X, et al. J. Am. Chem. Soc., 1996,118:6121~

6130

[15]Holliday R. Genet. Res., 1964.5:282~304

[16]Seeman N C, Kallenbach N R. Biophys. J., 1983,44:201~209

[17]Cohen S N, Chang A C, Boyer H Y, et al. Proc. Nai. Acad.

Sci. USA, 1973,70:3240~3244



10 #

PR3 25 . —4E DNA SRR AT 55 B 412 m IF 52 a0t g

1449 -

[18]Fu T J, Seeman N C. Biochem., 1993,32:3211~3220

[19]Sun S, Bem R, Chan H S, et al. Prot. Engng, 1996,9:1205~
1213

[20]Winfree E. in DNA Based Computing. Providence: Am. Math.
Soc., 1996.199~219

[21]Mao C, Sun W, Seeman N C. J. Am. Chem. Soc., 1999,121:
5437~5443

[22]Sha R, Liu F, Seeman N C. Biochemistry, 2002,41:5950~
5955

[23]Eichman B F, Vargason ] M, Mooers B H M, et al. Proc. Nail.
Acad. Sci. U.S.A., 2000,97:3971~3976

[24]Yan H, Park S H, Finkelstein G, et al. Science, 2003,301:
1882~1884

[25]Liu D, Wang M, Deng Z, et al. J. Am. Chem. Soc., 2004,
126:2324~2325

[26]Chelyapov N, Brun Y, Gopalkrishnan M, et al. J. Am. Chem.
Soc., 2004,126:13924~13925

[27|Winfree E, Liu F, Wenzler L. A, et al. Nature, 1998,394(6):
539~544
[28](a)Xiao S J, Liu F, Rosen A E, et al. J. Nanoparticle Res.,
2002,4:313~317
(b)Le J D, Pinto Y, Seeman N C, et al. Nano Leit., 2004.4
(12):2343~2347
[29]Liu F, Sha R, Seeman N C. J. Am. Chem. Soc., 1999,121:
917~922
[30]Yan H, LaBean T H., Feng L, et al. PNAS, 2003,100:8103~
8108
[31]Ding B, Sha R, Seeman N C. J. Am. Chem. Soc., 2004,126:
10230~10231
[32]LaBean T H, Yan H, Kopatsch ], et al. J. Am. Chem. Soc.,
2000,122:1848~1860
[33]Cavaliere M, Jonoska N, Yogev S, et al. DNA Computing
Lecture Notes in Computer Science, 2005,3384:35~49





