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acid assisted detection method
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ABSTRACT: A G-quadruplex is a noncanonicalsecondarystructure composed of four strands formed by repeating
sequences of polyguanine (G) through Hoogsteen hydrogen bonding. It can combine with hemin to form a
deoxyribozyme (DNAzyme) with similar peroxidase activity, which can make its substrate changecolor, or alter the
fluorescence intensity of certain dyes to play the role of a biosensor. As a functional nucleic acid, G-quadruplex has
received more and more attention because of its stability, sensitivity, and strong specificity. This paper mainly
reviewedthe characteristics of G-quadruplexas DNAzyme, the modification of G-quadruplex, the induced formation
of G-quadruplex structure, its multiple detection methods established in combination with nucleic acid analysis
technology as well as the research progress and trends in the application of detection methods.
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Fig.1 Structure and classification of G-quadruplex!'¥
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P4 R R R A 2 B R A BT AE R ST A -
Hen B se 8 i E A . e IS ELA-51 ¥ (Apt-Pr)
38 AEER IR OISR AR 0T, 38 e R 5 B AR 25 6 AT R
G E Pr, Pr o RWIRG] . 4438 . BEHOFE S —A
RS, MAmME LR, MEKXES 1 8 G EEIFHIE
e 3AE GEEIFHINRE, &R D) DNA(helper
DNA)KHE BT, 38 G-DPUBEMs, T8 b ke - 8
HR, KHRATEE 14.7 pmol/L.

“OrSERETY G-PUSE AR A AN LA R A LT
W EAETE G-DUBE R 51 BRI 25 AR, HLARE
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FRECE TR R Gtk AL H R (systematic evolution
of ligands by exponential enrichment, SELEX)#i 1% [ % iR

(genetically modified organism, GMO),

1& P K (aptamer) & — B 55 H A A (L) 555 SEAZ T IR - 76 41
WAAFETR, Y8R M = Has iy, SCaxt B R
Oy FERESEVE AU BRI, SERLA Y G-PURE IR
[FJE TEEEZRITY, 2 TEMmEG MR, fREker, iR
B WAL ARk, BT BRI 38 B
B G-DUsE AR TR A R THREHL SO RS 242
S A L, NTTAS B A G-IUEE AT 518 i i
BOAA; 4 G- DU (AT 51 52 48 B8 43 24 1l [ 3] 28 A
LN

B, CARBEH G-uesiAr B mdEmik, HF
BT AR F IR, ER 1 91 T4k R
HREHER G-DUBEARIE B4,

AR, W G-PUBEARAE 3] O 4 0% 18 H R A% R S
Bk b, XA kca, Mm@ X G-PUEE RS #
ORI, K B XHHEARS BRI . WANG 255183 =
HEHEEE PR BT (TAP), RS T F ] 140385 TG 4% B P 3 £ G-
FEARFH T AN A A, M8 F  A(ochratoxin A,
OTAVFAERS, AbT2EIRZERIIY TAP FTHF, i G-DUsEIATT?
S ¥k, 7€ Hemin Al K'FFE F, fff Luminol-H,0, /A &1k
SRR ERE, KHRIEE 0.07 ng/mL, WANG %514
TIab s G-DUBEIAR S U 43, 4303 45 3] 5 0 e MR 0
YIS HAMY P b, S FR K Hemin fA7ERT, i%HB
SAEKHAERTT A 415 A b5 M) DNAzyme, {4k
H,0, & 1L 487 — % (o-phenylenediamine, OPD), T {#7¢5
=S5 e, HZ40H) Hemin W 7E FesO0, 1 |, FRAKE
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Table 1 Application of G-quadruplex structural aptamers in detection
Rl 434740 T AL T 51 (5'—3") B G- A I i J 3 KB Sk
RIRE R Z, HE5S DNA RS TO M
fpag  TO00GOT GAGGCTA 10 G-IUREIK IS PR Bk, FEOIOE 59 mmoll  [41]
{55 REAL
. ATACCAGCTTATTCAATT RN 2, @ AN A 5 2 454, ThT
T TGAGGCGGGTGGGTG ThT N Ay 641 pmol/L [42]
GGTTGA Jxljw*ﬁ“ﬁi#yi{/\ﬂli‘h‘ lﬂ:
IEHTEE Bk 2¢ %3 FAM 457E 520 nm
. FAM-GGTTGGTTGGTTG IR T, MR R TPImARR G, Y
R GTTTT T D e S ek S
Gk, T SRR
T ARS8 WA S RS (M ROFAT G-PUBE (R 254
W AACCITIGGTCGGGCA oy oy R BURAGINARIRES, B TRHIO4E, N 005ngmL  [44]

Z(GTX1/4) AGGTAGGTT
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Zi b, ARG R G-PU SRRSO R A | i
J5 BT AR A Y A W AR SRR A TN 5 0, 30 G-PUBE IR S| AR
AR, HHEMT BB o, BAREAER . 2
PHRGE R ACR R, (H SRR e AR DI R BUZ,
BUIMK R IE G ¥ FIA BEIE

3 ZERYE G-I A BN BRI N

G- VU A B 5 — B R T 91, o L B AR 7 5 %
P25 L, #il DNA P 3AE G F50 BB
WA R, P I D) sk S 2 RIE B S M E G B
BE, IRFR AR Y 1 40 BhAS I B AR B ), R ok
T EIN IR G- DU P54 1) s o
31 RAEBENNRNT G-TUE AR 4 En )

R4 T 2SN (PCR)AHARMEfRIGE . JFURRTE0T . AR
AMCHRELS, T2 A TRy A, i PCR 5 G-
PUSEAARZE F A 45 A BRI B2, BERCAE PCR P39 25 S 1)
oy, NAER IR B G-PURERT 81, A
REE . BT G-WEE AL DI ssEe 060, # Gk HiES
FEISER Y] DNA 454, L, % PCR 5 G-IUFEAE AR
THEE BRI T X —F J& o

FO—%Y R IE SR S E—B G-I
BEUKIY B FANT S, FUTHAITFR PCR AR, 345448k G-
PUBE AR 41, It (o, SR T A S R TR Ry, A
WA TR 5%, LIU ZEUSI7E b e PR T 0 [N
41 DNA 1 FiEB1Y St — B G-DUBEMR I I 1) BANT
S, (3 ok A B 89 BEXH A G-DUBEAE S, P igs
WG, XA YIHEAT 100 °CERT 5 min ZbRE, i XUEEE
BHEIRAS, FEAMA Hemin, NaCl, %S G-IUSEMAIE,
HFRR 50 pg/ . BEAb, 457 PCR 7Y G-DUsEA (L
BERTBOEHIALA T KR C RS R R B IR 1k S A
TR A VI V) VAR T B VI AR FRARAS G- DU A i
iy iRl a7
32 FERYHEEARS G- AR iEEN

HHH PCR N BASME | 1R, SEfif 3 Fhilk B sc B
gk, XA IR R L SR A E HACh TEIZ
TR T HET, §seRM e, 5 PCR HAT s, Hil,
¥ G-DUBERLEAE 5 SR A 25 A A T B Bl A ik
Fom—MaRor . 4R, BFE T AHER RS
TR IR 1 | IR SR 0 R ) 220 Il 1D e e
WS 2RI G-DUSE AR BIAG I 7 3£BY

()ERY 1

BEIRP 1+ R (rolling circle amplification, RCA)F &
P58 AR AR F RN 2, DIFRIR DNA AR,
1 HLA B B TE PR DNA A TVE T 52 s34

HhE G IFAAEREETE T A R S G-IUHE R4,
B K G-I 4% R 1) B AN 7 51 4 A B AR BAR o, R
n—Z 5FRFHN G AT, BIATY 3SR AR R
¥y ¥ 5k DNAPY,

LIU 202k Xf Fr i 2 PCR(asymmetrical trailing
-PCR, AT-PCR)ZAS B HEE T Wik IF4T I i G-PUE A H
FFFN . BB ZE T B AN S | A A B S R4 7R
PREE, Bl RCA R A 3, R0 v AT B s H B
ik 4.3x10' CFU/mL. HMPA4RIRARZEIREER 19 13T, skt fo
TAEG IR DNA B A EMRREEA R, ARIEL
RCA i #2, 7= HESEE 2 A, 328 T 5 iR 5
Yo (B4 RCA T2 HIUK I HEE DNA, AlRE2
23R, i G-PUEERSSH T B2 BH, DA T 5 e 0 1) SR
B LA T B LR — IR, E FTH R ICE IR DNA frg| A
I A A M o JIANG 2P e LR PEBTAR Hh s hn 1T 1 %0y
PIBE(Nb.BovCD Y 3 NRGIALA, EEFR microRNA fF7E,
FRLRPERA IR, Bl K4 RCA 12, [FIAT Nb.BbvCI i
SYIE Y, BENE GPAIrE N G-HEHAI G 90
Pkl Kt BRA 4 amol/L,

Q) AR 1

T AT E R Y 84 R (loop-mediated  isothermal
amplification, LAMP)EF XJHEEER Y 6 N7 e, 11T 4 F
519, B G B BRI IS B B, AR TR Ak
TR K BB R A RS H T, LAMP {4 F Rl i
SYBR Green I, 584 HK | BHELEW 5 SF8 R A IMA G
A A B 7R AL N T 338 7 1) (R JC R v e e, I G-DY
FERZEH S LAMP R ORAS 55 SR w LA Lm0, g 4 3 AR
Ak, AR N R A, . ZHU %X 5 F 5% LAMP
HIALSETIRE, B8 & 17 MZITIR C ST IR IS 5 M
ANIE W IR BI W PR e, 7 R RR B, fE5
DNATFTET, 8™ T+ 74 G- U8, XTI
Rk H BRI 0.5 pg DNA,

()i B oy 4

B P34 £ R (strand  displacement amplification,
SDA)E—FI{E DNA RIMNFRY ik, 51 FEYIZ)
D7 s S SRR EANT S . IEREEERT, 5149 54
Frig 3wt iR 3G HHXUE DNA, 2 5 U1 ZI R V) 204057 5 D)
P58k, WIMHBUBIM 3%, FEREMMIER T4kt
HEARRIEE B, AN AT, A KRS S B
i DNAPTL R o S A PR IR, L 45 R R A 3R
A Wi, HIL S G-PUEEARF SIS A . YIN 25585 1] 4
FRIRBIE B, 538 BRI AN 5 | s, xEEEE T
A G-DUEER B AN I 45 A-5% 1 SDA B, G-PUHEARSE
SHEA WL A VIR TR, &M G-IUBER, ST A
FHAS TR)3E e MR X 43 ARG IS [R] H bR B 5 R 0 B 1.
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Wi 48 AZ Ml K i §% #% B (terminal  deoxynucleotidyl
transferase, TAdT)E—F LT 54, (H7E DNA [ 3'Um i {b 4k
i DNA RAF, aI A S G BT P AL G-Pus A
FEa, HAE e 2 FroRt0 H Rz ik oT Se B T
PPN G-DUBEIAR IR . ZHANG 2590 TdT FTF40d
FEARGEFRINT BEHTH], H i SRR 5 B Y5 B
SR 3'-OH B9 DNA H, s iR BpmT 48 th KR KA E G
HEE DNA, XHPTTIRE & BRI 6 CFU/mL.

H@Tar
40% dATP

60% dGTP 7 dar
SANCem. L A a )

2) ® Pb2 \\ | a ".
V e &

A e HEEDNA M 451

B2 T TAT BEHELTE L G-DHEE AL 7R 2
Fig.2 Schematic diagram of G-quadruplex structure formed by TdT
enzyme catalysis'®!
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AR R A R B ARG 75 2 ) i e A 22 AT ) IO
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