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1) (PR R B R S, BRI ML R RURT L, EBEEE AR TRZE S TRER, 4L 230026)

2) (BEMRED R ERERE, S8 230026)

(2016 4F 5 A 26 HUH; 2016 4F 6 A 15 HUBMEHH )

DNA &AWt A% (5 B A BAA, [F) I o2 —Fh B AR A B A A A0 RE. 8RB K 0 (toehold) B Bl Y i
B B2 DNA IR K HOR B R Gl R H] DNA PR Bl BANRR PR A8 7 ) 1 ) g R 1k, A AT mr DA T
DNA 8 # 4 S WA I 7 1 HLas 0 Hos B AT RSl R 4%, SEILAS AR R 2% 70 71k 5. ASSCIRI B 1 3 4F Kk DNA
SERGAN Dy MR BT I TEHERE, PR DNA B B 4 S N2 A ROW B A, A28 DNA 5 T 554508 ) 38T R,

DA EAE DNA fER F 212555 7 T A B

KHEIE): DNA b, SR N, 7> 7 it o, B 413

PACS: 81.16.Fg, 87.85.-d, 87.10.Tf, 87.14.gk

1 5 =

I 28 % B AZ TR (deoxyribonucleic acid, DNA)
SRS B RER, 2 B RIEERS (adenine,
A). [ R g (thymine, T). JEME0E (cytosine, C)+
B IS (guanine, G) DY Fh o 2 8 i &0 B8 EL AR BC X,
A SR b (T B B ) 4 B 22 T B I XU Jie A= 4
Ko7 (F 1), XEEREEEE DNA KE 21
R F B, AT 4 R AR S, FR S A SRR
DNA FF B2 eh Wit S20A% p A0 B2k 1R 5 [ 3 o il 1 —
Ve B A T ) ok I A0 LE AN T KT () i i ) 36 i
—r A HEBAE 5> T N 6.

H AT, A0 DNA 258 il iR 32 20 T X4
28 SARAT S A, B-DNAE # i\ A A BR B
W TR 1 I Y DNA R B, FRifE B-DNA )15
AR E N 2 nm, — MR N 3.4 nm, L
10.5 MHEEERT; PR 2% SCTAT BLBE T I AN TE A R
MHFEEL1 2.2 nm, NABEEL) 1.2 nm. 5875
Moy FAF R IE, DK /N T Al (1) 45 A A sORI 45 6 5 B
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HEEZENESR. SDNAERMEREEA, o
DLid ik R /N VE R 5 5 5 7 41 (1 DNA T B g &, A
T 58 A N ) A BE ) BE. % B-DNA 4F, A-DNA Al
Z-DNA & 53 AR DL R 2.

AR, DNA HA R4 N 45 i, R, /BN
— R RS T, KEEDNA X —FMES 7. 4
DNA 8 K3 1000 AL XS (bp) B, AATTR ik
R (worm-like chain, WLC) #4iid DNA [,
IEE AT, DNARAKERNEMEL N
50 nm, BI150 bp K. 3 DNA Z# K, KA
A DL ZRE Bl 7 A, AR S 3 — K T
AT AE BRI AR B 25 A, DNA AR W) Dl B8 1) 56 ik
AR L B RO B 5 R R P A O, Ikt
DNA PEVE BT IR SR H T Phik, Rk, FRAT1 752
A S WLO B RE XN RE PR AEH. B
DNA BT, AT DUIRFRATTA DNA AR,
[F) B+, 9 LA AR A 2 AT 1 B FH AT T 2t

DNA ff8 38 B A1, L Th e AR L= IR T
VEN ALY, () B A 2 — b 2 AR 1 2 0 A 25 4
Kl EDNAXUEE bR — @ K FE I BE 45 6 AL

w E K HRBIERE S (S, 91427304, 21434007, 21574122, 51573175, 21404098) Al [ 5% 5 1 3 6 A 70 & J& %I (kv 5
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& (toehold i, BPRGPEA 4w ), BPW] LA BA B oAb i
) DNA XUEEAHSS &, TR 850 SOT R OB ik
T DNA B, 2 B %M EC X457, Seeman T 1982 4 $2
HOB 2 BRI DNA 2@ i B 4 2E 0 9
KARE Pl N 4 DNA 92K 2844 10 B A #y i 2
ity B 2d B FERE ), AM1ean] bl
B I AR AR S5, 9 DNA 94K &84 1 i —

(Negatively charged) phosphate

5’-end
deoxyribose (sugar)
a nucleobase
3’-end
Nucleotides
l polymerize
to form ssDNA

—_—
ssDNA anneals
to form dsDNA

ARHAT T 7 G 5 R, Mirkin 8% B A
B K 3 £ DN A B2 B B G g KoL 7 i 541, 9
M JEFHE (linker ) R 3 Fr A 7] (9 g A AKHE T3 4%
FE— 2, AT SEBLDNA & i i <6 94 K KL 7 1) 58
ML FOLJLE, AATEE T IX R EMiE T &
UKL T (K =LAy 454, BUAS W] 424 P 4L I
Fe .

Guanine

Thymine

Methyl-cytosine

Adenine Hydroxymethyl-cytosine

Cytosine

BT GRS R A RINEE DNA 45t (0]
Fig. 1. Chemical model of DNA 6],

FLHA DNA 9K 384049 18 2 KK | 52 5% DNA
FEREIR KPR, TR AR BRI B ) A K T
FEAETE I A N AT K S, SERED T
BE, J B8BTS 4 R Bl A PR 5 R R L A 2 AR
MR SE Ry, % TEIR DNA 49K R 7E A e
RGO R AT A 1) B 25 3, IR 4K, DNA
FERE e R AR (O E IR B2 B T R
DNA 1E i B 2H %% i FE i /& toehold 1 #4 #O 85 & #t
SR, Toehold 7E Jz i H (111 FH & A DNA B 43 52
IR I SR AE ST 2 . Toehold T Bl (4 5 i = 5
i NATTRR W AEAE IR 25 A1 T A 2 DNA 4> THLE I &
4 DNA S B4 W SEIUR E TS Th g

TEARSCH, FRATTE I T DNA #)#PE 5T . DNA
HE B 2 B LA K DNA 23 1 58055 75 TH 1) K R T
FE, 4R 7 AT ) 2 R ST 1) R0 3 B e, O
PRV AR AT e R R 3.

2 DNA R 444 8 ) 5 M R

2.1 DNARGEHFMNOFEMR

KERGHILE L+ DNA, HE
By R BRI AR R AR DL K DNA A8 1 i
FHH A F A% /MR 9 DN A-2H 28 (A E FH I C e

I, DNA B 5 S5/ it R A48 52 31 17 R FATIH
Iz 59E 01, 32 4E 3K Olson #1 Zhurkin [ 1 Orozco
S5 BUR A R0 F 8 1% (MD) 7 255 5 A
Bi  DNA 25 il Ay G A2 fige 7 R & B 52 TAE.
TCHFT LSRR, dERTRFAINE AR TR RS
ol DR 25 U I8 S O A N SRS SO R B
SEIG RPN AF ) DNA 454 8 o] DL 4 5
X DNA 4568y, T HHBHEEN N EAZ
(B DNA 4 (1)1 B2 [F] I 34 0 5 AR 55, 52 3005 S 1t A
b, XA JE AR 272 10 M EXF, 1E4F 2 DNA |
— AU A A, I ELX BRSNS
T (A ) G T S R A TR B X R R
Hi 8 45 4 2 DNA B3 501 DNA XU E (17
FARLRI DNA [ 3R 25w 51 2 ), Yin &5 101 3@
SIS 45 A BRI AL 1 WU DNA S5 RCHR LT I 1]
AR, IR AT IR A 25 65 4 10 ms. X
BERAEFT TAE R 7 3ATX DNA g5 16 Fiie) R %
BN

A DNA KR IR EEZNZERFAK
FE. 4 Mo 30 855 Ay IE R 4 8BS T, L dn Nat,
Mg?*, Ca?t %5 27F DNA 47 i B s EU% 1) =
B2 ETETHEX DNA RV R EE R0,
ANF BT IR AN IR EE H DNA R AK B2 A
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(NESERE N FF IS PP oy €l KRN ) DA E 1
S0l S ) ZEF B AR I Y NaCl iR &
ANTFAEBEWR B (£70.1 M) I, Bl 25 0 BE ) B AR (2]
£1.0 mM), DNA £ A K £ M 50 nm A 45 34 0 £
100 nm A A7, & FhREFC 7 3200 B 45 2 (0 5 A K
B -0 B 1) S B PE BB L B — B 4B TR R
W, EHRE Y IR E T 0.1 M NaClif, &84
SO0 B 2 W B IR A i DNA F: A K E R
M= s 1710, T A A sl gL 115170 g
BITE K27 1.0 M NaCl¥K 5 1, DNA R A K B FEIK
F30 nm 24 AL 45 R 5 Odijk, Skolnick
M Fixman(OSF) (FE 1 2021 —8 B 24— 57
W =T 0.05 M A4, DNA FFA KB 587k
FE SRR A R 35, 17 i T P S 56 B804 1R 4 Hh 7 &
T Manning FIFS T 22, ARG LE LI AFE S |
DNA FF A FEE 08 I T 40 B 22 575 AT
XTDNA VPEE 4 5T B A 20 & FRHE R AR A
TR 2 8] 1) m—m HEZAE A2 Wil v 2 DNA NI,
£ OSF H i, YN DNA B 4L i B s HE R 1R 2
DR A 35 P 1 85 1 B T ik 38, TRk, DA Wil
T B 0 ] PR e P S, R R A
R SRR /. Manning FOEE S IE 14 e, it
5 PP DNA “null isomer” # 8 i) Fr A K, i
RIBEAHRE T, n—nHESEHTTE DNA
BARFE AKSE 21 14%. AT S25 F 2 [m)
ZEAX A [, HGR AR, SeIG e Rk — Bk T
DATTHEIZA il J_E 43 .

BhAh, ANAT2AR R 2 R 5 7 8 11 248
(LB 2) 85 7 DNA NI R KI5, Manning [
DNA “null isomer” #&%84 4 A ATTEE i DNA Wil 14 2
TR GF BT 7T BB, BIE T DNA HhpEfb R A 43

All-atom MD simulation

Quantum mechanics

AR, T A R 1 R T R R AR
XT DNA 25 F 1 7724 R R 52 0. 2002 45, Olson
Manning %1 J8 i 12 MK FE I 42 5 75 7 3)
JTFEREA I, a0 SR BUEE DNA — Ul i1 75 AN R
FEF b, 2 FIDNA B RS A ok —0) (25
A AR B 7o—11°). [F]R ABR, FHE SR a4 A K
2 BE R DNA K /INE 251, 2008 4 3 [H %5
75 B K 2% Tan F1 Chen % ] “tightly bound ion” ¥
WHFF T & 7 -DNA {E Fi %t DNA 25 i 1 52 g (241
AT DNA 25 il 56 A0 25 it i ) 5 4 )8 & 1
BB PR EREVIMEK. 2014 4, 1 ER
AR K 2 by R A ) SR 4 DR T Bl 7 2 A
L, KB DNA H X DNA ¥ % 2P r 52 2
BRI, ROUKFEEARSYL o2
T — N EZ &8 & 75 AL R 45 M R A
KRR, RIS 1 25 55 B B 4 1 3
Frid x4 5 531 8 125 F Monte Carlo 7 1AH 5T
R 6 AR AL FE 45 B DNA A 2 (102 i Al bz
ZRMTE. 2011 4%, ok B 3 B AL~ R #E L7
1 ) Savelyev Fil &y BL 2% K 2% Papoian K H 7 T &
AV FERLRL AL 777 (MRG-CG) 2257 7 DNA [
R AR 29 S i 437 3l 7 AT 5 I DNA
Airh ¥ DNA 73 13 AK L, AdAT 1A FRIEH DNA
A PE DNA I RE A K BEEAE 2229 17 nm, B #HAE
FAXHREAK B ISR 20N 35% B0 XA 7T 45 16
5 OSF A Manning [} E 14 T ER A7 7E 5K 22 7.
TR DNA B8 DNA 73 1 45 4 48 15 (1) 22
i, I I X DNA 7 51 2 57 1 il b R 5 78 43 B,
SR 4 J5 - O A TR A ) A ) R R B K 1 2 (1]
JBE XA ] @R AT 0t 50 A AR R 5 b 2.

CG simulation Polymer model
| 1

I(a) I | (b)

Stacked bases

Number of nucleotides in simulation

>

| ’ (@) (h) pgz i

DNA fragment  Ncleosome DNA origami plectoneme Virus packaging Wormlike chain Chromatin

B2 £ DNA 4 7R i 6]

Fig. 2. Nucleic acid systems that represent the range of scales amenable to various computational and

theoretical methods!%].
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Kiooping

Kunlooping

---- WLC /
——— WLC, simulated )

0 0.5 1.0 1.5
Bend angle 0/rad

3 (a) AR R R E LR BB AUEA (Cy3) M2k (Cyb) 4+ FAEMI DNA 4 FiEHAE R L STIRAIURRT, 4T
SR P I RGO 4R B FAFELURIE DNA AL THTFRIRES, B (b) 72 B SRR IS 1 M 1 NaCLVE R, (b) 4 EA
20 min B R BHARIZAAZOEIE; LB DY 5 mm; (c) DNA HJRT /1 238 (AFM) miga#iE; (d) DNA 2 i f 2 5 08
A B AR, 20RO SRR AR, M2y WLC BSR4 R, B sig y WLC B AL B2 RN 7 77 R4 (AFM)
455 (a) Fl (b) A Vafabakhsh fl Ha FszB645 5 (161 () F1 (d) 9 Wiggins 2 Sc 4% 5 [44]

Fig. 3. (a) DNA molecules labeled using Donor (Cy3) and acceptor (Cy5) were immobilized on the surface via
biotin-neutravidin interaction; (b) fluorescence images representing donor and acceptor channels are shown before
(left panels) and 20 min after adding high salt (1 M NaCl) buffer (right panels), scale bar, 5 mm; (c) high-resolution
AFM images of DNA chain; (d) negative logarithm of the observed probability distribution function. (a) and (b) are
the experimental results taken from the studies of Vafabakhs and Hal46], (c) and (d) are the experimental studies

performed by Wiggins et al. [44].

IR, 0; NAATEEBC M. ikily — 0, N — o0, H

WHHEDNA N EIB PR
M T B A R, W N AN K N L 1

DNA 28 KN L = Ny, W

B R K 4 7, Kratky-Prorod (KP) # 7Y [32]
I HAEEAT LU

g Nl
Exp = - Z (L=t tit1)
0 =1
N—1
B
= — (1 —cosb;)
lo

1

TR, Hth B = IpkpT NP IERE, ¢, ]88 i Mok
BEW], 1, NREAKEE, kg ARG ZHEE, TR

B [t 9
EWLC = 2/ (dt/ds) ds.
0

WLC 8 AR A 5 FE DNA IR A 45 1, #11R
I AR 7K BEDNA 2 TR H 2, WLC
R BE 75 & A T K B/ 7100 bp B DNA 8% B,
BB T AT S AT 43 B34 2005 4 R
J&i, Cloutier A1 Widom [*736] #EK: #5100 bp [ XU EE
DNA BB [ 07 S B AFF 78 b R B, JL 8 R AR
FRIF R & WLC BB FE 1 3—5 fi5. N T ##
BEIX N T 2RI G, AFE T AT Rep) 3
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AISLIGUEYE. AATE et 7 DNA 4145 (kink) 4514
PRI REAE . FAE 1975 4F, Crick fll Klug 7]
A, F25E DNA BUAR, DNA 025 i A 21
1R, TR RE R A kink AT K K FR AR A BE; T
JE ERZ /NI AR 5 My FR AN T ik 4544 (A7
78 B8 =401 IR e AT 22 R AR B8 B 5] N kink AT
FRFEFEEE DNA ORI, 12, Wik DNA
HE ol 2 ME 2 0 R AR 5 R 4y, B R X AR CR BRI
o A L T BA— 52 1 AT BB & AR Kink (1) JR) 3 B
% (bubble) [*2 Bl Bl 3 %t & 2 A R 7T 1 FF (open-
ing) 31 AT 5 S04 B DNA R B H 5 5 i 52 1.
7E WLC i8S DNA BBt 8] (158 BE 2 T
AR
Ewic = %kBT(lP/l)H?'

Wiggins 25 1142 H B % 19 % fig & %, AP
Ersec(0) = a0l kpT, KA DNA & B 2 8] 1Y
L, @ T LSECH AL, Hi o NiiIESH,
WRBEBRKER NI = 2.5 nm, Wa = 6.8. 2014
4E, Cao % 9] WLC B HES 2 C-WLC #70 DA
WHERHE R DNA 7650 5 R (0.

WLC #5275 35 F T 5 5% DNA (14 8 1k 28
4k 4. Wiggins %5 [ 5% F AFM #f 7% %6 5% DNA
25 0 S K HE £ B, DNA H R K A 2 il
FEWLC 7l (B 3 (b)). 20124E, Vafabakhsh Al
Ha 16164 K 2 /N T- 100 bp 1) DNA 57 4 h # [# 52
TR R R b, RGBT RO IR =
%% (smFRET) BF 70 H s A 1 . 0F L 45 R
F—UAE 7 DNA 16 5 85 ] R [H 35 1 5
PN 3 (a). IR, A %8 2508 i 92 56 iE
B WLC A5 7 75 7 3 %6 55 DNA 2P 1) w] 4T 1.
Du 25 U7 2238 MCE R 48 B 75 1A Cloutier F1 Widom
%0 5% DNA B 5256 4518, Mastroianni 25 81 3@
Tk TR 11 XS 28 /0N S O S 56 DA BEIE B WLC
BRI TR R BE RO L FRRIE ), JF & AR L 45 L 0E
WLC 5 74 m] DL $ i % K 4 1/31, %1 2/31, ({1 DNA
IR B4 . 2007 4F, Mazur 491 5% H MD #4055
T HEEDNA RS A B o A, HORRHEE DNA
0 B 0L BB 2 58 4 R WLC RSB (), 1 A 3 ¥
Wiggins 556 T 454 DNA ) AFM 256 %03k [ LA
e R AFM S8 32 H ) SEC RS [ (HAE
A K2R, DNA 7> 1 /134 vl #8 5 8080E A %
R 49). 2014 4F, Mazur PO 5% H AFM Il & 7 K

B 5 A 1N E I DNA 25 i, AFM B £ 0
WLC #R 58 403& K B KT 3 AN e A 31 (R
10.5 nm) ) DNA.

3 DNA & & # X

3.1 DNA #EfKRNIEKRIE

FLE DNA T8 I Bl 5 BN OO T 0 BE DNA
5y . FIFH DNA % [ 3 P ik (94 B4, DNA
TEAE YR N e A BOEAT B AR B E
il DU RIEE A —F A AR, BT ERS
ok 2 T RIMAC OGS AT P00 AR A RT3 A AR A L A
Xof T 5 ()40 2 A ORI i DA K7 91 ] 2 A S5 R
DNA 4> F 872 o H] T DNA 942K 25 1) 1 40K 2%
PR RRRE R R AR SRR 2 IR 55

T DNA B3 B AN 9444, Seeman 2]
T 1982 4 2 th ¥ 22 7 i€ Wit 1 DNA 7 41 i i H
HASHEPUK AR, T XA, AT & B
Wi, WK DNA T 4% 18 K, Mt i —4E. —
Y 152,551 0 = 4k 5 e g K G5 ARG K 23 1 458,

TEH AR BRER IS ) AWK o R AE IR A 1
N BT AR A, I AR ST R A B AN PR
VR LA e AR A e S5 . S T IR DNA 44K
FARAE AW 5 22 A 9N K A4 ) Ak vh i) B2 B
X, AR, DNA TEFF € PR 5 if 1 iR B 41 25 52 3]
TTZ SR 960,

DNA 1 H 4 2% 1 2 fil /& toehold 1 #4 1Y 8
Bt ) S 91 toehold 1 $2 R 5 8 S 0 F LA it
FEUE 4.

Kl 4 (a) £ XUEE DNA B7RT751%; B4 (b) 2 toe-
hold ¥ Bl ) DNA 43 3T #% Ak B # i #2 &, Toe-
hold ¥ By 1 B 8 #e e 87 28 ABL T4 22 B B v ) B
e N, NN B toehold &b MR K B % 1Y ¢+
ot B 5 BE o R UUEE B A W) complex-1 Fll L BE
t-z. BAKR PSR R: B o N R NEE (in-
vading strand), H toehold %14 A ¥ ¢ 55 complex-1
Myt 256 RE, AR NEER o 55 B oy ST B
S N 3% 0 B i complex-1 145 A 8 v; B 261 4R B
MR t-x 5 t*-o* 56 TE T E G 4514 complex-2
DA K 94k x. Toehold £ = B H {1 /E H /2y DNA
BE 73 SO % e B AR 57 2 R AT A2 S M
HA7. H I, toehold ¥ (K FEAE — EFEFE bk
5E | DNA BB H# S BE . % toehold K i 1
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K, MR 2 toehold it ik £ 6 AN 5 1
T DNA B & 4 fe B T8 2208 B A ORAE. 8 i ok
A% toehold ¥ & Fl 7 41, Je B 2 1) 2 57 0] BLIA
F106 fi%.

Toehold

Invading strand

t T

9T S A R R DN A BE & #: SN, 2009 4F,
= [E 0 M T 2% B () Zhang A1 Winfree 921 5] X 7

toehold exchange < N J7 5. ‘& B EAK ) B 77 2 U
K 5.
OCAATTCOGTAAGGAACCTIGOA == i,

_ATTGGCCGGCGTTAAGCCATTCCTTGGAACCT
TS es L AR A

(a)

N
S / L
~ =

Complex 1

(b)

/.__SL_<_QC‘

Complex 2

B4 (a) DNA XUEESE#IFRRIE; (b) toehold P AIHE T ez R 2 &
Fig. 4. (a) Graphical representation of double strand DNA with a toehold; (b) the process of toehold-

mediated strand displacement.

n of
e Bm B J
X(m,n) S
" b, o~ S AN
am ._ k’r n k’b kfz T ."j,,.
BB TR I(m,n) J(m,n) - G
T s Limn) 7

5 Toehold exchange Jx v J& i 7~ &

Fig. 5. The principle of DNA toehold exchange reaction.

K 5 72 toehold exchange Jz M Ji P 7~ & .
Toehold exchange [z N 5 B 4 Bt 75 1Y 8 & 4t Je B
TR ERETRANE X ERES G568 S )G,
JiRYE SEGMY #ibH — Mo (8m) 4 &1
S b, B g™ FP A, T A 4 G sR R /N, 1
WA N HB M. AH T AL toehold
P By 1 8 B 4 [ B, toehold exchange [ B A A
TRBHE B #A: 1) toehold exchange [ N 2= 7E = 4)
L(m,n) _E 7= 43 1 toehold % 14 K 5™, 1EAT
— 3D BB 0 S B toehold, M N Z% S N WY 2%
IR EESEAE AT E; 2) toehold exchange 7 & 551k T
B R BB 715 53T RO, X 4
ML, [R5 755 30 5 2 T8 A 1R 58 1 R BE,
B 42 N 5% toehold R i 45 & e bk o, S SR, (H
F&1E toehold exchange [ W H, [F] i 48 5 5% 7% A1 ER
5[] toehold I (73 5l A ™ A1 g™ [ &5 G 5 AT LA
TN TE 190 S B T 6 (H i AR S BE () 3 T i 3
AR /N, X mt N DNA 8% &5 e fso 57 WX 28 A1 28
R PO RS T 2 R 07 e B A

toehold exchange < M, Zhang 1 Winfree #2371 %%
B S B 1) =0 I AR FERR AR R b,
F43 3] T toehold exchange X 7T~ [ B (BM) #5 Y
) S T R

k(ﬁmv ﬂ’mw ’yn)
kygmykskp

Kr(ymykor(gm) + Kn(ymy ko + Epgmyky

R XA 2 H s 205 S B s B I B {E 2
A LRI 2ZE R, X2 F N, 1) BM M ASE R
FH & A % 8 F| toehold exchange % N A7 7E H1 [H] Z5;
2) MR SR S X () ATS (RIS 00 202 %
/N, B

0.1
[C] < C’crit = 5
ks
o Brmykrgm) + Krmke + krggmy ke
kr(ﬁm) + ky,

20N toehold exchange BV 45 5 BR
B E, BARTIE S B ky, = ky, = ky.
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3.2 DNA i & # [z N B9 7 W I8 ## A0 iR
RiFiE

DNA B % # [z /& DNA il 41 2% 35 R 1 3
fill, 3 M K BN T DNA 9K 231 ik gt 101,
22, HETAATX DNA 8 2 4 s B2 50 9 22
PLER B = 7 AR, I X LURS i R 5 L s B 3 = (691,
DNA B8 it e J37 T 26 FRURS Tf 1 458 /2 B2 0% S I X 4%
VeAH RO 32 B G R AR SG 5 04, DNA &5 0
AT e 5 IR B VI OC. 757 IR FE RN,
%7 -DNA M EAE X DNA 7725 F 2R A 52
M, PLACEE 7 3 77 DNA &5 & fEE B it F2 R 1)
Z 5P ARG ENRABE. 8%, A8 DNA
B 4 S B ) SO I R A — AN BE ALY JC AT
. BHFTR Y], DNA B84 B 7 SGERE IS R
R AT E AR M — E N RE 2 AGs, FFRA I
FR DA (031 AN 2 38 5 AT AT B AR G BE LTS JAT
. (R HET L, EER RS FARR A RIS
W AG, $UE.

FE S B T8 22 45 07 181, 2F i3 K %% Turberfield
2 195 £F toehold A1 43 373 B i B 2 18] 5] N\ 2% (4 %
Bk (spacer) LA S 7F 43 S R 4 B 51 NAB L 1991 (¥ 75
Tk VR 1T DNA BE 8 # Je B 2R & K ek e
K Liu 25 167681 38 3ok 70 7 0 b i N B 2K 5 LS
2 F R IA T DNA beacon ) 42383 . AT & I,
A BN T DNA G BlIR FE T, B, TR A ER
DNA JAZ . fe B K7 BN S5 I 28 T
DA 8 DNA [ 8 85 46 S 07 199, M3 DNA B2 4 3]
O R, AT DL I g )0 R 1 DNA L
S5 R R T DNA 3 S8 K W pHE
FIVES 7k B 25 7 20 4% DNA B 85 e s b ik = 170,
7, B ST 2 R i B AL T B
fiff 7 DNA i 8 48 S B2 B oW WL EE. Zhang F1 Win-
free (2 DL K Yurke Al Mills (7] % DNA 4% #5 e Jz b
T R R B 8 I R W A SR B OO AL B
Srinivas fil Winfree T- 2013 FE 42 i | IEL %4 (in-
tuitive energy landscape model), PAHIEE M 2 AR
(1 DNA 45 5 Re K dfs 1 545 2 DNA B 2 4 S bk
(03] DNA BE B He s B3 5 (0 B R SR T A
fITX DNA 54 RerIEm &, Har, A& B
DNA 45 ¥ T AN 25 4 B T3¢ & NUPACK 172
Br itz 4b, SantaLucia 25 7E 2000 4F 1 2004 55 %)
ANFI A S 7 H 45 6 e KR 4R, E5 B DA 3R

AR (loop) DNA 51 555 L4 T S8 B R #4407 2
¥ 1737 Pyshyi M Ivanova [ B} Protozanova
2 1761 2 590 ot ok 32 3 B 11 ) i A XUE DA A [i] 2
FEWTRLAT A (nick site) #&H T H SR RITE.

DNA K FL A6 B 2 1 A J2 7700 o9 AT A 5%
DNA Z: b R I OW AL B S it 1 WT RE. 2009 4F,
de Pablo %% A} 3SPN #4757 fif 5 DN A 2k fhid
FER B, XU 240 FE 5 DN A B3 5 41 A1 5% (501,
XTE ST A DNA G, B 8 2 PUAS s R AR T
X, FAT LAE “slithering” ML 5E A fb; XFREAL
J¥ 5 DNA BE, ZR Ak i B8 906 55 o 4% i HLEE, B
k HAMAREE A SE BN, B4 LLREEAELE, RIPN
2% Bk DNA JE 7 BOAlE 1 25 6 AT A 8 > DN A
BORGHE T8 il A, SR FHAH R B, R EE K 2] 2
W UR AT T2 IR ST T XUEE DNA ) B8 e ik
AN Bt R, ARATT A IR A2 R ek i, 4 i 3 R
& B, 2013 4F, Ouldridge 5% FH oxDNA [82:83] 4}
W7 DNA Z:4bzh )y 2k 72 B Ah AR B, 94k 5
B DNA H#8 4> BAMREERENLZS & i 2 5, it
“HiEE” (zippering) 7 N IE AR 0 A th. AR
N1 A 31 5 B 2—3 ANHE 58 A ERMAC XS PR T A
J1EEARBN. LS R 7R, W RG4S AL i AE
RUBE 576 4= 45 A I X RAL E, DNA I8 T “pseu-
doknot” A1 “inchworm” internal displacement [ Ff
77 2 A& SE AU 56 4 HLAD. R EE R R R T
DNA ZRAEFR M FFHI 2R, HT oxDNA B, A
1I8F 78 7 DNA K K 5] DNA 87 153 g
B DNA [k B0 DL HoAth DNA 2 FHLAS 12 17
ML 57,

4 DNA 4 Fit & DNAE G 8 4 %

4.1 DNAWHEME RKNWEIEIT
e

DNA B %K 2 5 W) o 1 BT A H A& el A
FRMRRPE AN T B AT, AT DA R T
KPP E 2 1053 F RS A S N ) 265 DAL Sz B AR S B 3
BE, ELUn{E SOk I DNA L& TN “%& g7
2yt Rt — M AT RE MR k7 . DNATHE
e 5L p 26 [ B N K % Adleman 047 3R, AT
1994 | H DNA THE T EEMR L T 3 4 B8 e
——<L T S A BRI 4 18] A BT BR 1 P
DIVRN 32 g 5900) ) 5 3% DNA K F 46 i 101931 2,
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AT T RUF BRI EINEHEH
JefE. 2000 4, Yurke %5 S 3 H1 T toehold 5| F 1)
DNA &4 SR 1R =58, #8 7 DNA
BT, R EES 3 e B TE AR EE I IR B R, Al
BT <A M ATI, RISl T DNA 7 F LA
(R3E4T. JNPHEE T 2B () Zhang %5 9 £ F toehold
exchange X ¥ # 37 | 28 — > DNA flE 6 [ LA %
2006 F, Seelig % 9] 5t T4 % ¥ ;X MM T OR,
AND FINOT B[], I8 1155 O &5,
Seelig 51 TAER B 7 K F DNA #4 # K 2 451z
RLER AT REYE. 2007 4, Zhang %5 94 3 T4 %
e[ RIFEE T 7 FHLas ROV M 4. 2011 4F, Qian F
Winfree (0] 5 i AT 10 B % 4 S B B34+ 7 — Rl (19
BT, ATDURHNE 5 W JE . TESR A b
AR 130 26 DNA B 3 T AN S 2 2 4 v

DNA tile

Substrate S

Catalyst C— \1

Product D\

P SEI T VU RO s . R4, AdAT
FIFI DNA S2BL T Mg ih 2 07 0 5t ik
FIF DNA [ R8T 7 AP 0k R 13 ik
U R0 AR FIRIE T DNA B Ze b2
SR 2% Rl Be bk 194 2015 4, THIES K AZEE
5% BLIA K 2R A R 4H A B Tl AT DNA 431
WAL T 25 A 7 M G e S et i (991,

DNA 51 i) A 4 R4 46 A AT ] LAFIF DNA
lE 5 e B NV TE T OB, JEME R R E A
o 5T 2% I BT X 48 (R AUL T “FE 7)) S B RS A 1
e, 2010 4F, Soloveichik 25 64 MR8 FiiFE T
I F DNA Ky 8 Ak 2 56 50 s B 1 AT REPE (16 (D).
2013 4F, Chen 2% 1001 3T DNA % # #e ) 37, &t
TA+B—-CA+B—-C+B,A+B—~C+2B
SR TT RN, FRAE IR E W ISl T = AN

[F1, 8], [C]
10 20, 10 and 10 nM !
20, 10 and 3 nM 1
= 20, 10 and 1 nM |
L
=)
0
0 1 2 3

Time/h

.............................

e
By-product

:
|

Ideal chemical reactions DNA reaction modules

1: X1 +X> L 2X>

q1
X1 +Ly == Hi+B| Buffering module
Gmax

A

|
I
|
|
|
|
|
|
13
|
|
I
|
|
|
|
1

3{ X>+G3 IER 03

=

ky r N =

: X 2X, 1 Gmax gs s

’ o Xo+tHy =5 01 X, 115, &2 HS,+BS, 2

3 max max =

X —0 01+T L>2X2 4 *_E

— 1 =

Unscaled  Scaled ) X +G, 2 0, q =7 ki g

ki 1.5 5x10° /M/s Gmax @ =7 "Cs) B

ko1 1/300 /s 0, +T, — 2X| y,l 7‘]‘ O
ky 1 1/300 /s @3 =7 k3Cprax

g2=7'(c-0)

6 (a) DNA tile 43¢5 2 O0) 7RI AN R odr, 8RR BOR R BB BOR B 5E D, 2 51k R4L%; (b) KA DNA

S2I Lotka- Volterra {42 7% 3% It B i g5y (641

Fig. 6. (a) Structural and dynamic DNA nanotechnology (607, (b) Lotka-Volterra chemical oscillator designed using

DNA strand displacement reactions (647
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TCIR S B S B BB, H R, AR Winfree 25 104
MERE FASAIE T R DNA B 5 e s b #4 2 Lotka-
Volterra 544 5% 5% ¥ | B (1) AT AT P, AH A2 i 28 AE S
5 b SRR ARAEER R Bk R, 5 — T, AT
SR FH U BB 77 V5 SR S AP B DNA J
I X 2% i ¥ it Bt Phillips & A T DSD 125 4,
A LLJE I >R ODE 77 R2 1 J7 1L RS2 e R % 7 vk
BOUEE T DNA Wit i f s 4R 1], DA HoAh 2 b
DNA & 7% e b7 [101:102] DNA Jsz 7 /4 48 i 1 1 1
IR AR T DNA 85 8 e e N R i E. (=
J&, NATTH B J0 1% B BRI KT R 1 %o A HE 2 1
RN ) S HHE 15 3 DN A B 5 i e S
K. Fk, DNA SN MRS S — B &2 FA
AT DR I A 75 43 1) e e 11 B 22 ) .

FT DNA B 25 4 B 1) — A 5 2 (] j il
(Leak). HT DNA 25 FIH i T #2230 80 55
JE K, DNA & & WUBEn BE7E %A b BE 7 R %%
PF T EP S ER5S b ) ERMaE BB R AR B R OB, B
FIAEBC 0 B AT 51 AR R IR JGHAE 2 bR
AR R Leak J 23 64 & (1) B e AT R G2
AT AR R 193] 2014 48 S5 [ 48 T pE K
BT 3 AL 1 Jiang &5 04 B 3L 7F DNA & R &5
P ) Loop #4351 NS 5 26 LI Leak [ N,
TEP R R R BLR R AP EUS T AT RGN
AR TR A &R ik 100 £ FOfS e bl XS TR
T2 DA AR 2R 30 Leak [ NAS T B 2243,
{H2, Leak IR INAKIRZE 2 2% DNA J 9 4% H i) B
K.

4.2 DNABERAITEZASR

B & AT DNA J% 58 #8720 5 7 A 60 m
R3] RSB BT AN T DNA 2844 L2388 1 ]
BE. DNA & g a4 A i ik, et 7 DNA
VR —Fh A AR 25 M B HE 90K B8 1 g 8 25 7 T 1
i 1091 R A, FE T DNA B AMAC X 7 s 1
DNA 9K E AR BLo N DNA #4881 DNA fEiR 41
PR, AL Tl DNA 37483815 58 58 I P A
ghH, BT DNA BE S 4 s B e AT s 3 H R
T BE A T JR g () P A PR

2000 4F, ¥ [ 4= k2% Yurke 25 (1] SR I DNA
T o T8, 35 — KK H toehold Hr B 1)
DNA #E % #e )2 b7 45§l 8 7 10 1 & F T . ANH
T DU AT 32 2w i o AR IR AR & (bhdn 3 R

pH A & 55 Sk oo Az i) o 7 K04y 1 23 40 1)
ZER LA, Yurke 55 [ TAF R W DNA B £ 4 e
se P o> BAT B AT 1) 55 A — Fpe] R B A RRE
. 20014, Simmel 1 Yurke #4) 8 7 F5 LK« 44
K] 5287 (nanoactuator) 10, 2002 4, Simmel 1
Yurke # 2 7 HA =AAFM R GUK AT, 18
3o RN P S R e Ao 4 K 2R 0TV E = AN
Z IR E . 2004 4, 3 [ I % K2 Tian A
Mao MO8 5417 B B 4 B A 4L ) DNA 16 %8, @
i NN DNA SR IRB) U5 56 5% 3l FF me 45 il i e 1) 4%
ANTTIL R, BE R R SN R AT LA R B L
R KR ST DNA 9K 2544, 3 77 1 i 265 —
T Yan 55 D09 75 2002 4F 58 B LAE. Al AIIH3E
T AN YA NS % 2 21 I T DU AFM B
FEIEE ) R RS oK s A, i o B 85 46 S Y, ] A
A o AR B i 180°, AT £E PX A JX o T AT
B A, T RPN E it BAE, Chakraborty
2 [110] Zhong Ml Seeman [''), Ding Al Seeman ['1%]
Feng % '3 Lubrich % ' Il Goodman % ['1°] F
B S N ST T B D AR R K B A A R i A
B EHY. Dirks % 116 3L F toehold B B ) 4
e S BLSEHL T DNA BRBE 5] & K -R DNA B 152 &
RA T HCT A8 K 19 DNA XU, B A Yin
82 193] S H R B DNA 4125 IR AT A 45 H T &S 1Y
Pl AR AR 1718 R A DNA W
Fa M 2 5 toethold #5173 & BETEPE. Ricci
24 [119,120] i+ 7 3T pHAE ARk ) DNA 85 % e
oL 5 07 i A R A 2 B pH i B (1
DNA =k g5 # 5 ih 7 pH #5811 4> 7 AL 2% 3K 3l
PUKRLFRETTR. THTFERERIINE, IFHEKR
K A& A YR A AE pHL WA R 1) DNA 2H 2% 5 1 i
TR R E A AR 1221280 53— AT i S
7& 14 i DNA walker, R[IFHI 5% # i 52 B f# DNA
BREAE QT 4 B 2R AT AE. 2004 48, S 412
K2 Seeman U4 (124 DL i) B T2 2% B¢ Pierce
P Dl Ky 7 —4E DNA walker. 20104E, Gu
a2 201 5% 3 7 — PR 0 1 DNA walker, & 7] BLYS
W E B 24T E, AT DAIGES L 1832 R 0T &9
KBURL. 20124, W g K 2 A 36 [ 95 % BLIA K 2
Tan 2 1270 B it 7 —Fp e 29K 3 (¥ DNA 17 E &
g, il AFM B E] | DNA PR S LR
AT A 128,

DNA # & 4 J¢ A 7] DL >k i DNA H 241
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B AR, M HR AL — oA b8 K 7RI A
K T B 2EL 25 T BL. 2004 4F, Dirks 1 Pierce 1161 5]
T DNA Z& 384 8 K J B (HCR) (R, J@ i i
NG RKEEAE DNA K-RTHF, TR DNA XUEEE A 45
14, [ B8 e 1R — 2R R BRI R o, e 51k
NG e B, TR A R R R, 4
Jl— AN BB 2 A 45 4. 2007 4F, Pierce % 1129
1 R A B K R HCR Jx N 42 6 SR T il B
B = 4T 2008 4F, Turberfield 2% [130) @ i 4% %5 4
SRR RUEE DNA B R e )38 1 B 2k B 545 1.
Yin 25 193 Bt — 3R HCR 53 8 7 B AR
. B FHE K% Xuan 1 Hsing 1 5@ ) 4k 25
PEHCR B, w1t 7 —Fis £ B DNA 44 K 45 4.
Zhang %5 Winfree SE I T DNA fi 1b 14 & 1) ) &5
14 5 i 1192) 3 75 fE IR 45 148 T FI F DNA tile 41 2%
TR A0k 600 (6 (a). o R4 R K 2
I IREZH Y DNA toehold exchange B # # B
51\ DNA-& 9K 7 R R, 78— @ fE g 151
ESEELT 40Kk T EE T A AR B X
FE 7 AL B U] RS Uk Oy IS T Xt
DNA % % Hf 5 S AR A ) 11941991 35 19 K 2% Bi
2 [150] BLF HCR SEIL T2k DNA 9K &84, 14
T RG], LBl T X =R DNA HAREERA
.

75 DNA A= 4% 8% 25 10 A4 2 J LA W = 2 T
b, GEEREA AR DR TAE. 20134, FE
B 2B AR K 2 2 0y Yoy R R 4 R0 35 [ 30 B Bk K A
TR L VR R AL A A, BT o DA SR A T Al ) B AT
toehold [ XU4E DNA &5 ¥4 () il 3, $2H T — Rl
T e % AT 5 toehold T R IR J5 1. 1% 7 92 L AT
FE VW I 2- i % ok 7 4% T AN DNA S5 E 35t
kK, %K HE DNA & I B & TR T B R i SR AA,
toehold N #% B& 7 & K 45 ¥ ) Loop & 7. &%
41 B Loop B U 1 B AT 15 14 toehold ) 4l
M1 1RIXUEE DNA 250 U571 3% 05 7% 0 4 gk
—35 N T 2 K A3 5 DNA JEZIHE 7 198 fify
H DALY DNA RA9) 5 7 il B 2 199 i fi 1A
FH 5 M I 45 B b 2 FEAST G B 1 b D) W R [ DNA
KA GER IR A A B VE A 0, 1% DNA Z6 M A o
BERS 5] K JE 82 DNA FeA8 B K e b, M7
T 35753 ] = AL O DNA R A& YR, 5 E 12, F
F % 75 ¥ 7T AR 25 5 b fE B Z AL ) DNA R &
il H 5N Th g B 6 I3RS ThREL I DNA ZEA 4kl

R [139]

4.3 MBI IE TH DNA 49K 28 4 1% it Fn
&N g R EEE

DNA B ¥ # [ B ¥ K B ) #2, f# DNA 44K
A R T 40 M K P <R BT 2 RN T A
e REHE” 25 )R 5 5 T A A3t 1 ] gk (140—142],
DNA g K28 R RN, nT 450, JEH DNA &
FEAMIMI Y, KKBRACE Z 5 T — 2k
(e ik, R, AR R AT (1) JEL IO X 45 #4 mT DA
fil N T8 9K 28 1F R B2 P 51 455 40 P A Bk
FE (b5 mRNAER) M 456, EREEAN A
JRL P PR SN2 DR 28, AT A AT AT DA BT 8 R R
AR AR, MR, AR AR R A R
MR GE, X H S 2% 1A N & — AN B
RIIPRER. BESLIIXA B bR, AU B AAE L5
BRI vk BRI Rt 7 S 40 i 4% E e
FREDIBL A

et R+ 2 Ed, BHEFAT NS DNA 94
KEAR SN 7 V255 71, Myl 40 i 4+
(cell-free) & &, B4HMI 10, 2K DNA 49K 4
PEE BT NG AT A G A FE AR . Meldrun
2 NS FE T DNA 7487 M 7E g R SR BGR P 1 A2
SEME. AT EE R, DNA BN EGR 12 h 2 5
X F 0 A TR AR B T R T U U AR R A A
XTTREE H ) DNA 4K 254 /2 DNA 766 5 58
T 1 25 P R I AT AR R TSR D R A S 4
. Conway 2 144 [y SLIG B 7 B4R 2 7 MLk 45
B 48R, DNA YK 38R 7E 40 M R 5% b 1 f2 e Ml
BT 3 B 5 8t 0 22 53 0491 DL R 4 ffg 34 85 (1401,
ST AR FR A B AN A1 L 88 2 1] i K 22 5%, DNA
YK B A TE A i IR BT TR AR e R B O RGN
VORI FC. I 4 2 (S e 2 1, AT
# DNA Wi SYIMER A S 2 44, @il
PINE; & DNA 85 B 5| & BE B s S, sk il BAZE 40
P TR HEAT “THAR07, T ) 4 2 R B A R 7S
iﬁ{mi%‘%ﬁ [147,148]. :‘[&Eﬂ%’ Tanii"% [1497150]’ Gartner
F1 Bertozzi (151 DL Francis 25 152 7844 DNA 4% %
e S SR T 4i i R T S 5 A B AT TR
PR 7T

IR, Bl 5K 280K DNA 9K A B T
ST B P A 52 M U 4 R P P A U R A0 e P 4y T
THE. 20094, Modi %5 193] il H & famsne DNA 5%
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TE T2 1 ANV VB B R R 22 ) B N,
BTSSR T RS R4 B A pH B BRI, 2013 4, [
— PR BN AE — N N I8 4T AN A A B DNA
GUKHLAS, XF 40 Py A N 7 BR AT 1 pH R AT T
SR WA 154 Tsourkas £ 15°)) Tan 25 [156] 1] i
43 FAE R (molecular beacon) 57 X 40 g ¥ mRNA
HEAT IR, @, DNA 8 i B AN X &5 & AN
Uity PR ¢ 25k (A1 K I AE Hh 8] T B Loop.  7E4H R 34
Bidr, 41N mRNA 25 Loop B3 Fil 1 [ toehold
B G B3 o 3GT R K 1750, 2015 4F, Tan
P (o8l E i % i DNA &, 35 mRNA 1E
FMEALEE, TEAHM P S B T mRNA KIS 5 17
K. Mirkin %5 159044 28 3+ 5¢ S 5k [FAB I () DN A 8
HE&EAKRF RN B8 DNAZ S, EHHFA
MBS, 40BN B mRNA G IS 25 A 7k Y toehold
Uiy, JA BN EE B S BT R I GAE T, TSI T
XTI Y mRNA . 2 est, Mirkin (7774 2
o Ml Ak (100161 R4 i 4TS D, AT
WFAT T — L B ER R (102,168,

5 HwARE

R E, AT DNA H & i H# 40 P i
DA AE A= I oK R s () R A TR & IR &R
FET AT e, AT PR E], AZEX% DNA )
INRARAR T Bt — DR N, AT N DNA 7371t
SAH W FT A I (1) R R K i R AR IILAE LR L
AT

o, TS HURBLLE Sy — Bl M MR T T B
W AE DNA FHCHF Feh i M E By M e, BT
2 B0 135 A0 IR L B R T AR FR
e PR A B AR E I 3, BRIk, ATEL A
57 J13 408 DNA M) A8 RN A G555 77 T
T SRR . B — [, Sponer £ [164,165]
AT T2 0hR. ok, WA T35 K RIS, 1
RATA T 135 A AER AL 7737 B 75 IR 4F Hb 5 38 DNA
GEN e A XA 0] fEAT REEIE L. EIX
T, AT E 2 TAERELTE. HEE
DNA 2 Ji 7 135 AR RAL 7137 BIAS Wk e Fl 58 3
DNA SO UABADCKE 58 e i, 2900 90 Rl 5
K, AT FT R S BE T S SEEG 2 A 5T DNA
IS5 DhRE S LBl g S A | — 25 nT AT [
7. WEE T EAUERE R T AR B HAT TS R

J&, 518 15 A U7 4 7E DNA A Th e 4R 5%
FIDNA PR 57 55 4538 K 15 5 K A FH.

HOR, JBREE S8 T i — 20 o, S
5% BT DNA IS5 H M DNA G35 5531
BT FE. AATHE AT LK DNA [ 7255485 5 50 )
SRt FE AT S BRI

FHX, DNA 73 it Bk 5 2 HS T DNA 44
KA 2H 3 2t 245 s FTR 0 DA R 4 s .
T DNA 7> 7 51 DNA I8 99K 35 A Hg 3t — 28
BT B FH T 25 R T 23R A
J7 ARSI, TR LB b, K DNA 2 T LA 5 40
i 3 5t 4 O B 55 R 1) DNA S22 X 48 53R 47 11455, A
M SE ARSI JZ IR 1 (505 12 81 SR TT .
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Abstract

Other than being a carrier of the code of life, DNA can also be used as a kind of ideal biomaterial with good biocom-
patibility. Considering the critical role of DNA less than 150 base pairs (bp) in cellular processes such as regulated gene
expression, quantifying the intrinsic bend ability of DNA on a sub-persistence length scale is essential to understanding
its molecular functions and the DNA-protein interaction. From the classical point of view, double-stranded DNA is
assumed to be stiff and can be treated by semi-flexible chain, but recent studies have yielded contradictory results. A
lot of studies tried to prove that the worm-like chain model can be used to fully describe DNA chain. However, recent
theoretical and experimental studies indicated that DNA exhibits high flexibility on a short length scale, which cannot
be described by the worm-like chain model. Further studies are needed to address the extreme flexibility of DNA on
a short length scale. On the basis of the predictability of the double helical structure and the Watson-Crick binding
thermodynamics for DNA, a class of DNA reactions can be defined, called toehold-mediated strand-displacement re-
action, in which one complementary single-stranded DNA sequence first binds to the dangling toehold domain of the
substrate in a pre-hybridized double-stranded DNA, then triggers the strand-displacement reaction, and finally results
in the dissociation of the third strand previously bound to the substrate with partial complementarity. In dynamic
DNA nanotechnology, isothermal toehold-mediated DNA strand-displacement reaction has been used to design complex
nanostructure and nanodevice for molecular computation. The kinetics of the strand-displacement can be modulated
using the toehold length. In order to weaken the coupling between the kinetics of strand-displacement and the thermo-
dynamics of the reaction, the concept of toehold exchange was introduced by Winfree et al. to improve the control of
strand-displacement kinetics. More importantly, the biomolecular reaction (BM) rate constant of toehold exchange can
be analytically derived using the three-step model. Through utilizing strand-displacement reactions and taking advan-
tage of its programmable sequences and precise recognition properties, DNA can be used to build complex circuits which
can proceed robustly at constant temperature, achieving specific functions. DNA strand-displacement reaction can be
employed to fabricate logic gates, and large and complex circuits for DNA computing, to mimic the naturally occurring
occurrence of biological systems. Based on that, DNA circuit can then be used to direct the assembly of nanodevice
following the designed pathway, and modulate the chemical reaction networks on the surface of living cell or in cellular
systems for biosensing, even program the cellular machinery in the future for genetic diagnostic or gene therapy. In
the present paper, we reviewed the proceedings in the fields of DNA structure and conformational changes, and DNA
flexibility, discussed the mechanism of DNA strand-displacement reaction at the molecular level, and introduced the
recent studies in DNA computation as well as the dynamic DNA nanotechnology, such as self-assembly.

Keywords: DNA flexibility, strand-displacement reaction, DNA computation, self-assembly
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