Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

DNAHT REEHINT S A R EAKGERREEHIE
BEm AT XM B

DNA origami mediated precise fabrication of nanostructures in multi scales
Dai Li-Zhi  Hu Xiao-Xue LiuPeng TianYe

5] Fi{5 B Citation: Acta Physica Sinica, 70, 068201 (2021)  DOI: 10.7498/aps.70.20201689
TEZE[R]1E View online: https:/doi.org/10.7498/aps.70.20201689
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BT R AR R T RYK BT ACART AUR S 1 = AN AR B HOL2 00

Focused ion beam based nano—kirigami/origami for three—dimensional micro/nanomanufacturing and photonic applications

WIFEAEA. 2019, 68(24): 248101 https://doi.org/10.7498/aps.68.20191494

HETDNA H 431 R AR ZE R il £ SARRAROL T2 58

DNA self-assembly—based fabrication of metallic nanostructures and related nanophotonics

PrPeEd. 2017, 66(14): 147101 https:/doi.org/10.7498/aps.66.147101

B H AR FESs07d 5 DN A AR B AE

Interaction between Sso7d and DNA studied by single—molecule technique
YIBR2EA. 2018, 67(14): 148201  htips://doi.org/10.7498/aps.67.20180630

ST BT AR BORWTTE N -DNAZTT- 2B R 18 3 o 11 F) FL 8 g~

Electrodynamic characteristics of A =DNA molecule translocating through the microfluidic channel port studied with single molecular

fluorescence imaging technology

WIFEAEAR. 2020, 69(16): 168202 https://doi.org/10.7498/aps.69.20200074

DNAGE3F 7K BEE DAL AL A S5 54D
Modelling and simulation of DNA hydrogel with a coarse—grained model
YA, 2017, 66(15): 150201  https://doi.org/10.7498/aps.66.150201

8 SEAZARAZ R Z M ) 43T Bl 1 2L : Amber bse 18bse0 13 %S LU AFFR

Molecular dynamics simulations on DNA flexibility: a comparative study of Amber bsc1 and bscO force fields

WAL 2018, 67(10): 108701 https://doi.ore/10.7498/aps.67.20180326


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20201689
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20191494
https://doi.org/10.7498/aps.66.147101
https://doi.org/10.7498/aps.67.20180630
https://doi.org/10.7498/aps.69.20200074
https://doi.org/10.7498/aps.66.150201
https://doi.org/10.7498/aps.67.20180326

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 6 (2021)

068201

Tl RIS BMARSIEERER

DNA $i 4L S 5 R B IR EEHIRS A 15

w2 4

ELA

Am W

(R AU U TR S MR #ABE, st 210023)

(2020 4F 10 12 AY®]; 2020 4F 12 H 5 AYEER)

Ji - o AT 5 IR 368 70 T 4 o — R B SRR I SR T TR A A RO A
TAOK | AR Z A 1) D7 R I, AR ML RUBE R o B2 ) i 2 D 1 i 2 i e AT R, AR S, 2%
TE3K — RUBETR J& B — AR S (R DR TADAS A A8 A3 R o 3 L8 0 B8 2 ) 1 0 A B 3 R i 2 S B2 L
7] 26 3 11 T A A A DAy — A 2 K RUBE T X 24 i i B DG AT RS AR R 4 1Y ST HE T B, DNA 4R AR 1Y
T2 R J g 20 A il 1 2 i o i 4 (4t 10T UL RURILEL B T DNA 7 48R A DNA 44K HR () 222
JIGHR 43, TE A AR A D 45 e R 24 vl ) e T S R A 1A A 0K RUBE T BEAT 45 2R W SORS v 3 0 2 R )
iRt J7 58, IR RE N AN AW AN ) A s B /N RUBE R RE IR RS HEAG ST SR AL . A S S ] Bt iR T DNA
P AR A S A J R A S T AR, K T AR A ) SR ) A [ X DNA F 2% 45 ) 1 94 K ol 3 ) R DG ARk AR A
TRE, FFAESORSE N T T DNA Hr 4RE5H 78 S5 i b 09 al A7 4 00 S5 MR ke e T 1) 14 R 22

K4 DNA 90K3 AR, DNA #7148, 9kfilis, 5

PACS: 82.39.Pj, 98.38.Bn, 62.23.St, 87.85.Qr

1 5 =

DNA K E A M4 55 5T LLE 3 21 20 1
70 80 AR, Sk A Al K 2% Seeman (4% 1 F|
DNA 73 % B AMIC R Y KR A1, R DNA X
BERBENE R — A BT T AR BE R I 23 X —
AV A R B B BE S AT T DNA [ 23
AT THORTRAR) Z i 5E. B DNA
YERE 1) JL AR+ B 4 s Dok Gl kA5 A Y
DNA #EEB iy U S 80R Iy 2k RE, Ao &A1 DA
R E BT, TR BRI 2 18] () 4R SR ) R )
TN DNA £ B 1R A R AR B 9ok 45
¥, 7 20 SAER R DI, X —H AR T L)
K& H DNA JEEER i 25 XA FE R AR 4544
H 2 LU — P SRR T A B2
() 575 5 AR T o) AR B 2, T s A s

* K A RRHERAS (S 21971109, 21834004) ¥ B

t BIEYE#H. E-mail: ytian@nju.edu.cn
©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20201689

S JROKG B Y T S AE R . 2006 4F M B TR 2
Rothemund #(#7 & F-4] T DNA $14EK, 43 HA]
FHKEEE R A DNA VER B E AL, 4k - T4
B DNA SlfEfE B, AR A =M  KTE.
RN G HA R R A SRR AOR 5 (] 1(a)
FE 1(b)), X — 7k KA e T DNA [ 4%
JUT B S 0 44 K 25 4 A9 RH RN 45 4 & 2 1k
2009 4, Douglas 55 B 2 T3 s R 191+ %,
FEXTERAT (0 L2 HE S, % DNA 14825449
T =4k, i 1(c) Bias. BEAk, Han 45 FAD
Dietz 55 1P 56 J5 F g th 2 A AT 4245 i 72 2 1) DNA
Pragsity, nE 1(d) FE 1(e) Fias. 2012 4F, Yin
DRAGZE 1O 5 T —FhASE B 5% DNA 5 E, X
I EE DNA Z A28 58 kA i DNA 94K 251
W71, A58 A X P BRI S8 5 e i T 45 Fh iR
He AR LRSS A, il 1(f) frs. DNA
RUIZ e A B HLA (14 Bl 35 T 4T T 1) R AR R AR

http://wulixb.iphy.ac.cn

068201-1


http://doi.org/10.7498/aps.70.20201689
mailto:ytian@nju.edu.cn
mailto:ytian@nju.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 6 (2021) 068201

T

] 1|‘ -
fmmwN
g rev;.:\,.\, .

ﬁR OB Fhl'
‘WMMrmyv
1M=% (FUPTe

GO

Kl 1 DNATHRZH  (a) DNA T ARE5 M B IR 2R B U (b) — 4k LR ) — 2 DNA $T 484514 14 J7 ) B 3cBe I R 1 (o) &%
TR BT M 1 = 4k DNA HT 4554 Bl; (d) A I 19 DNA 2P BR 2R B ERFIAESE # 10; () WA M I () DNA HE S 25 4 B);

(£) 5 Py 487 % 4 2 T i 19 2% b DNA brrick %544 19

Fig. 1. DNA origami structures: (a) Schematic illustration of design process of DNA origami structures!!); (b) representative atomic

force microscope (AFM) images of several 2-dimensional DNA origami structures!'); (c) 3-dimensional DNA origami structures ob-

tained by honeycomb design principle’l; (d) DNA hemisphere, sphere, ellipsoid and nanoflask with curvatures; (e) bent DNA ori-

gami wireframe structures”); (f) DNA brick structures which only composed of short oligonucleotides!‘.
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Fig. 2. Metallization of DNA origami structures based on electroless plating strategy: (a) Au encapsulated branched DNA origami
structures!; (b) metallized circuit-like DNA origami structures®; (c) H-shaped and parallel bars-shaped metallic nanostructures
based on origami templates”; (d) AFM images before (left) and after (right) site-specific metallization on particular arms of trian-
gular origami structures'”; (e) Ag metallized DNA triangular origami structures!'!; (f) Au structures templated by DNA bundles

structurest?,
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Fig. 3. Artificially casting metallic structures with DNA origami mold strategy: (a) Synthesizing cuboid, triangular Ag nanostruc-

tures by the utilization of different shaped DNA origami molds!'¥; (b) DNA mold shells mediated synthesis of rodlike and dimeric

gold nanostructures!',
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Fig. 4. In-situ fabrication of metallic structures based on the functional sites extension strategy: (a) In-situ synthesis of 8-patterned
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Fig. 5. Fabrication of artificial metallic nanostructures based on the surficial lithography: (a) HF vapor moisture induced fabrica-
tion of silica trenches and ridges patterns®); (b) DNA origami mask mediated hole patterned silica fabrication with high

precision”'; (c) step-by-step lithographic fabrication of plasmonic nanostructures based on the duplication of DNA origami structures/??.
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Fig. 6. Schematic illustration of utilizing DNA origami
structures as templates for assigning atoms and clusters at

designated positions.
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SPECIAL TOPIC—Toward making functional devices at an atomic scale:
Fundamentals and frontiers

DNA origami mediated precise fabrication of
nanostructures in multi scales”

Dai Li-Zhi  Hu Xiao-Xue Liu Peng Tian Yef

(College of Engineering and Applied Sciences, Nangjing University, Nanjing 210023, China)
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Abstract

Atomic and atom-like manufacturing has thoroughly investigated by researchers from physical science and
materials science in recent years. Several novel properties which cannot be explained by classical theories can be
revealed by materials in the case of the manufacturing scale progressing from micron and nanometer to atomic
level gradually, so that researchers from related fields have shown the constant pursuit of ultimate
manufacturing scales and subversive properties. As an advanced method of precisely manipulating the structural
units on a nanoscale, DNA nanotechnology has brought a new insight into nano/atomic manufacturing during
its evolution. Meanwhile, the DNA origami technique has proposed the solutions for the accurate fabrication of
matters based on its remarkable programmability in design process and might create opportunities for precise
construction under more minute scale and more arbitrary shape for multiple matters and materials. In this
review, we first briefly summarize the fundamentals, evolutions and several representative researches of DNA
origami technique, and then we further summarize some corresponding investigations of nano-fabrications based
on the DNA origami structures according to the fabrication strategies. Finally, we put forward some
considerations of the potential feasibility in utilizing DNA origami structures for atomic manufacturing and give

some prospects for the future development of this field.

Keywords: DNA nanotechnology, DNA origami, nanomanufacturing, atomic manufacturing
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