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[Abstract]Objective : To establish a novel strategy based on proximity binding—induced entropy—driven amplification circuits for high—
sensitivity detection of DNA. Methods ; Target DNA was used to trigger proximity binding to form a sandwich complex with two affinity
probes and then a proximity trigger, which lit up the entropy—driven amplification circuits by mediating branch migration for DNA
detection. Results ; Under the optimal experimental conditions,the DNA sensing strategy established in this study showed high sensi—
tivity and selectivity , with a wide dynamic range of 0.01-100 nmol/L. and a limit of detection as low as 6.7 pmol/L. Conclusion . This

rapid, cost—effective,,and highly efficient signal amplification strategy provides a simple and sensitive platform for DNA detection.
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F1 BBFIES
A ZAN BRITH) (5°-3")
H. pylori DNA TCAATGATCCTGCCCTTTGGAACGC
SM TCAATGATCCTGCCCTTTGCAACGC
DM TCAATGATCCTCCCCTTTGCAACGC
NC GAGTGTTAGGAGAAGGTGAAGGTAA
P1 GCGTTCCAAAGGG TTT TTT TTT TTT TTT GTGACC AATTCCAAC
P2 GCCCTTACTCCC GGT CACTTT TTT TTT TTT TTT CAGG ATCATTGA

P1(a i 3 nt)
P1(a k% 4 nt)
Pl(adk 5 nt)
P2(a* 38 3 nt)
P2—(a* $§ 4 nt)
P2—(a* 38 5 nt)

GCGTTCCAAAGGG TTT TTT TTT TTT TTT GTGCAATTC CAAC
GCGTTCCAAAGGG TTT TTT TTT TTT TTT GTGCCAATT CCAAC
GCGTTCCAAAGGG TTT TTT TTT TTT TTT GTGACCAATTCCAAC
GCCCTTACTCC_ CACTTT TTT TTT TTT TTT CAGGATC ATTGA
GCCCTTACTCC_ GCACTTT TTT TTT TTT TTT CAGG ATCATTGA
GCCCTTACTCC_ GT CACTTT TTT TTT TTT TTT CAGG ATCATTGA

Report(R) FAM-CCTACGTCTCCAACTAACTTACGG

Quencher(Q) GTTGGAATTGGGAGTAAGGGCAGGGCCGTAAGTTAGTTGGAGACGTAGG-BHQ1
Byproduct(B) TTTTTTTTTTTTTTTTCCCTGCCCTTACTCCC

Fuel(F) CCTACGTCTCCAACTAACTTACGGCCCTGCCCTTACTCCCAAT

7 :SM, single base mismatch , FLE# & 55 Bt ; DM : Double bases mismatch , XU 3 4% B ; NC : None complementary , 5¢ 4 5 BC ; Report : 15 5§y H 4% ;

Quencher: K4 ; Byproduct : §ll = 4% ; Fuel : AR5

E 6/s -

*

TR ?"_S;

C2

s . . <* v
a v + y¥ ailla* S 4}:3 5
2 3 Ea . <
P1 DNA 2 3 Dk KT 5*'
P2 s v
Gm—
X Y 3 X Y
2all a* 3 4 5 . alf a 3 4
( > a5 0 ? 7 3*
C5
3 4 5 5
2*

1 BB SHNERES

C2.C3,7E Fuel RYSHBIT , B B A0E 0 S0 0 1O AT L R ik
BIPEIEAR S A LU TR 228 Y6055 . Rl PT SaEA
T— B G ER , 5= A K i % 92 9815 5 (fluorescence
FL) , TS EATHE DNA 15 72 8ok
2.2 AMLIEEE TR IEIAE 5 AR KR T AT AT

B, AR TAETEARF S TSI A DNA 14 &85
15T AT AT, IR 2 R o FErP AR 2O Gom B 1
MARFER I, B I 518 nm Ak, ZETCHE DNA TEAEm, 45
PR AW (QBR) M2 G SE ] 5 1 K SE A 5 30T, 560

= Fuel

KRB P T DNA & RS0 F 22 E

(FL intensity ) 5055 ; #H52 , 4% DNA fE7E 0}, /74807 1% 2
Y55t EDC W55 O, D65 B2 I S 1, 48475 Jfr 4
HAE SR FH A5 DNA & nI1 719,
23 A & ettt

T IR BN AR R E YL IS BT P R ASBIF S R I i
BELG AT T AR, U P1ARED a AR QBR HUIRE
SR R RS BT AR e D A 2 (RAIE SE DNA
HePE A 100 pmol/L, W1 3A~D Fi7R, 1 5e%F P1 54T a dolihm
FEBATIRAL , 24 a SRBRIEH 5 ne B, BT R 015 2R (g



BERERKFEFIR 2020 £5 45 55 2 8 ( Journal of Chongging Medical University 2020.Vol.45 No.2 )

— 209 —

Mk B, I, 7E R SL9em R Y a SR 5 nt, 8
i 3B~D (LR WS, QBR BIHRRE | S LR FILE I I ]
I3 5124 250 nmol/L 37 CAI 1 h, f1 FA PRERL AR 751 B i
PEAT T HRIE S0 (HD P2 454 3 3RE0 A BREES 0 2 P1 RS 2
B0, T CAASHIF S ST AL S ) £ R A st 1R K K, 7S 4k
S AR L B e S TSR

700 -
600 -
500 -
400 -
300 4
200 -

PO (an)

100 1
0 4

540 560 580 600
P (nm)
¥ :a,0BR;b: QBR+Fuel;¢: QBR+Fuel+P1;d: QBR+Fuel+P1+P2;
e:QBR+Fuel+P1+P2+ #! DNA

B2 BB SHEIRENE S KRR T IS 4T

480 500 520

7.5
6.0 4
4.54
~
Y
B
fiz 3.04
1.5+
0.0
3 4 5 6 7
aﬁz(nl)
A a ltifb
10 9
8 =
s 69
JEmN
R
m
4
2 =
0
4 25 37 40 50
WEE(C)

C. RSB EA

2.4 MyzEeh DNA B B0 54k dk
TEFAEG ST, ARWFSE BRI L (Y DNA f2 31
SIMTPERESEAT T 258, 40K 4 IR, BEEHE DNA HBERYSEI,
PENCAT S5m0, 3 3% i 1 15 5 0 3 3 B e T 0
DNA HJHE (] 4A), 7E 0.01~100 nmol/L JEFEIN , 5 {85
A v BE T BUE 2 [A] 2 AR PE S R (B 4B) . ARBESE
JIT R 1Y) DNA AL IEES K I R %R 6.7 pmol/L, AH L FHA T
HGE Mk s HfAEeaE 0 AR R R
PEGF T PR SO i S B IR R A 3
2.5 ey DNA 4R 35 69 45 i Ao E 0%
ARWFEE S AE WL IR R G %) 4 25 DNA 741, fuds
SE4 T AMY B AR SRS T (single mismatch, SM)
B %5 45 Bic (double mismatch, DM) | 52 4 /A H. %b (none com—
plentary,NC)ﬁ}j'?'H{ 10.0.50.0.50.0 F1 50.0 nmol/L %56
SREENT DNA ISR IRE I T4, DR EEXHT DNARY
MR R (R 5 KT SM.DM NC, AR (5 543512 H. pylori
DNA [ 27% 24%H1 20.5% (& 5) ., ARWF5TFTHIEER) DNA &
JEASXTHE DNA Y 4F S PRSI B ) F B R TR MRS PL
P2 (1o R LB R R SR B RE T . BEAh, e an T
il % DNA % G 0 TR, 48 AR 4350 %F 100 fmol/L F

Rl

50 150 250 300 500
QBRIK S (nmol/L)
B. QBR ¥Rk
10 -
8‘-
2 61
B
@
4
2-
0

05 10 15 20 25
R Ch)
D. SRR A

3 R GmL



— 210 —

BERERKZFIR 2020 £5 45 55 2 5 ( Journal of Chongging Medical University 2020.Vol.45 No.2 )

10 pmol/L (4 DNA #EFT T 5 R E & M i, HAR S R 505100
1.5%F1 1.9% , FEHA 71 HA T2 10 P8

600 4

500 4 100

*(au)

400

s
)32

300

e

s
K

200 4

100 4

480 500 520 540 560 580 600
P (nm)
A. AN [EHBE AR (0.0.01.0.1.0.25.0.5.0.1.1.5.10.25.50,
100 nmol/L, F— k) X1 (Y7 Stk BE

600 T
500 1 i
=400 1
«
300 4 g
Eﬁ j 1
3R 200 A
=
100 4
) —
IE=3 001 0.1 1 10 100
Log;o(nmol/L)
B. %t
B4 BESHMNKENRE#RZL
360 1
2
S 2401
=
EH
=
K 1204
04
251 NC DM  SM  #!DNA
[ 5 DNA 2R RIES T
33 i

3.1 BRELHKA
ARSZIGXT 4 A~ FEESER R . P1REN a 8083

o

)

£ QBR RV FE | S I 520 B ] 1) e 3k 45
HATHEE PLAREL a SRS R R VIS a i
FEEC RN, A% IR 15 M EL 20 1, S S50k
5 nt BFHEME R R, X EZUE RN a WIRSEEEOR T
5 nt B MR Bl 2 38K, DATT 305 M L REAIR ., QBR
(R 25 SR SR ] A% T B 4 W B3 1 5 o i 346 o
1t 250 nmol/L IIATH AL, il B 45 SRR B IR I A
FETR 7 F A4 3 R ROR AN JE P BUE 5 I, AT
B 2T M AR TG, AS W v 0 7 I e A AN e A
LGS IR 37 CIABME MR LA B o, 24
T AR L T R ), AR A% R 11 2358 DA T AR A1 £ Mg
L, BT PLAbZs SRR A 05 e ) 1 n A% Jakets
5 M FL BN, Y095 B Ao () JE A B 7 S8 4, R B 3
(EER B B S N R T4, 1 h s
32 EREWIERESAT

ARSI 5T AN R BE (W R AR DNA X% s
55 M N s AR BT A5 45 R il R h 26 . 45
IR, ARSI BT R R R IK S {55 O R g A
AT A AN B R 5 P G D £ Y R, T 5 Sk o i
FRAEAF 5 IR A A R 1) 7 Y AR 260 0724 I,
2, XRUNZIHTITETEIRIRR S 2 W B
TEN A
33 EREHE TS

MR MR BT IR I 5 S A R | AR S0 iy
AL AN R HAZ R 781 A2 e i 5 25 F X
HR B2 S W A 5 FEARTEAR AL, 1T 55845 H. pylori
DNA 554 W8 X 55, ik 3R Wil £ 1) A= W 1% ikt
AT DL S IR 4 AR DNA FEEREFR IR , AT 5
PRESIE X B TR AERE PL A P2 (1 iR
FLEERB AR RGeS, HA S DNA 5
P11 x BUFN P2 1Y y B3 255 I, A REAR AT P1 1Y
a 35 P2 1Y a* SAE G, B U SRR AR |
Yy DN 55 I SR (R SR B0 S

S E T R AR E R B RT EDC
TR AL AL A 5T LI i g T — b L T AR
A7 5 S IR S A5 5 K i DNA R85 1 T
H. pylori FE3E DNA F Bt 1) /85 45 S 1 A s 2 okl
AT T P T AR R AR A
AKE R R 1 b, [FEF, BT EDC 915 S0k
YEF, T A 21 DNA & BRm AN AT 8 | Pk
s, FLRBLH Y8 26 PEE R (0.05~100 nmol/L)



BERERKZEFIR 2020 £5 45 55 2 #1 ( Journal of Chongging Medical University 2020.Vol.45 No.2 )

— 211 —

FEC R BR (6.7 pmol/L) . 18 33 %) 55 FIHRET 851
PUIER 3 AU R BT, T 2 ) 1 R R et v 7 {8
AL T H A B N R AR, I
1R IR Al R 3 I W I 7 i S

2 % X M

[1] Liu ZP,Su XG. A novel fluorescent DNA sensor for ultrasensitive
detection of Helicobacter pylori[]]. Biosens Bioelectron,2017,87.66-
72.

[2] o L ILEE K EIRIE DNA K 7EZL RIS W i A
JHIT]. P EREAE 2R, 2016,26(11) :947-951.

[3] Saingam P,Li B,Yan T. Use of amplicon sequencing to improve
sensitivity in PCR -based detection of microbial pathogen in environ—
mental samples[J]. J Microbiol Methods,2018,149.73-79.

[4] B R BRVIHE, WD) S MANE IR N Z AR RE A 1]
F IR DNA K772 i dar])). TP RARLR 2241, 2013,38(12) :
1393-1397.

[5] Tao CY,Yan YR,Xiang H,et al. A new mode for highly sensitive
and specific detection of DNA based on exonuclease Il —assisted target
recycling amplification and mismatched catalytic hairpin assembly[]].
Chem Commun,2015,51(20):4220-4222.

[6] Nie J,Zhang DW Tie C, et al. G—quadruplex based two-stage
isothermal exponential amplification reaction for label -free DNA col-
orimetric detection[]]. Biosens Bioelectron,2014,56.237-242.

[7] Teengam P,Siangproh W,Tuantranont A,et al. Multiplex paper—
based colorimetric dna sensor using pyrrolidinyl peptide nucleic acid—
induced AgNPs aggregation for detecting MERS-CoV,MTB,and HPV
oligonucleotides[J]. Anal Chem,2017,89(10) :5428-5435.

[8] Zhou F,Li B. Exonuclease Ill -assisted target recycling amplifica—
tion coupled with liposome-—assisted amplification;one—step and dual-
amplification strategy for highly sensitive fluorescence detection of
DNA[J]. Anal Chem,2015,87 (14).7156-7162.

[9] Li DD,Cheng W,Li YJ,et al. Catalytic hairpin assembly actuated
DNA nanotweezer for logic gate building and sensitive enzyme —free
biosensing of microRNAs[J]. Anal Chem,2016,88(15):7500-7506.
[10]  Gootenberg JS, Abudayyeh OO,Lee JW et al. Nucleic acid de-
tection with CRISPR—Cas13a/C2¢2[J]. Science,2017,356(6336) :438-
442.

[11] Xing YL,Li XM, Yuan TX,et al. Engineering high—performance

hairpin stacking circuits for logic gate operation and highly sensitive

biosensing assay of microRNA[J]. Analyst,2017,142(24):4834-4842.

[12] Qian Y,Fan T,Wang P,et al. A novel label—free homogeneous

electrochemical immunosensor based on proximity hybridization —trig—

gered isothermal exponential amplification induced G-quadruplex for—

mation[J]. Sens Actuators B Chem,2017,248.187-194.

[13] Chen J,Zuehlke A ,Deng B, et al. A target—triggered DNAzyme

motor enabling homogeneous , amplified detection of proteins[J]. Anal

Chem,2017,89(23) . 12888-12895.

[14] Ren K,Wu J,Ju H,et al. Target—driven triple-binder assembly

of MNAzyme for amplified electrochemical immunosensing of protein

biomarker{J]. Anal Chem,2015,87(3):1694-1700.

[15] Li Y,Liu S,Zhao Z,et al. Binding induced strand displacement

amplification for homogeneous protein assay[J]. Talanta,2017,164:196—

200.

[16] Zhang H,Li F,Dever B,et al. Assembling DNA through affinity

binding to achieve ultrasensitive protein detection[J]. Angew Chem Int

Ed Engl,2013,52(41) :10698-10705.

[17] Fredrikssonl S, Gullberg M, Jarvius J, et al. Protein detection us—

ing proximity—dependent DNA ligation assays[J]. Nat Biotechnol,2002,

20(5):473-477.

[18] Koos B,Cane G,Grannas K, et al. Proximity—dependent initiation

of hybridization chain reaction[J]. Nat Commun,2015,6:7294.

[19]  Koos B,Séderberg O. Designing and applying proximity—depen—

dent hybridization chain reaction[J]. Curr Protoc Protein Sci,2016,85:

19.28.1-19.28.13.

[20]  Zhou F,Yao Y,Luo J,et al. Proximity hybridization—regulated

catalytic DNA hairpin assembly for electrochemical immunoassay based

on in situ DNA template—synthesized Pd nanoparticles[J]. Anal ~Chim

Acta,2017,969.8-17.

[21] Li W,Wang L, Jiang W. A catalytic assembled enzyme—{free three—

dimensional DNA walker and its sensing application[J]. Chem Commun,

2017,53(40) :5527-5530.

[22] Tang YN, Lin Y, Yang XL,et al. Universal strategy to engineer

catalytic DNA hairpin assemblies for protein analysis[J]. Anal Chem,

2015,87(16) : 8063-8066.

[23] Lv Y,Cui L,Peng R,et al. Entropy beacon:a hairpin—free DNA

amplification strategy for efficient detection of nucleic acids[J]. Anal

Chem,2015,87(23):11714-11720.

[24] Luo R,Li Y,Lin X,et al. A colorimetric assay method for invA,

gene of Salmonella,using DNAzyme probe self—assembled gold nanopar—

ticles as single tag[J]. Sens Actuators B Chem,2014,198.87-93.
(AL AAL)



