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ABSTRACT: G-quadruplex deoxyribozyme (DNAzyme) is a deoxyribozyme with peroxidase-like catalytic activity
and is widely used in the analysis and detection of microoganism and nucleic acids. G-quadruplex DNAzyme could
catalyze the oxidation of substrates such as ABTS and TMB in the presence of H,O,. The targets could be detected
visually, simply and rapidly based on various target signal amplification technologies such as PCR, isothermal
amplification technology, and biosensors combing with G-quadruplex DNAzyme. Therefore, G-quadruplex
DNAzyme has been highly concerned by researchers at home and abroad. The optimization of G-quadruplex
sequence and environmental factors could enhance the catalytic activity of DNAzyme and help improving the
sensitivity of the visual detection method. This article summarized the structure and enzymatic properties of
G-quadruplex DNAzyme and its nucleic acid-based detection strategies for microorganisms, biological toxin, and
disease markers, in order to provide theoretical basis and technical support for its further applications.
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it — XTI HAT R T — Mk RS PR 2R
IRy, Ao A = 2 N SR Joyee 451
TE 1994 AEFUCRHA U] RNA 2 DNA 73 A6 1k
DNA /731, B AZ B (deoxyribozyme, DNAzyme), iX—
HRR IR T AANTR B A AR Ko HARR AT AT )
RNA JiK 9 1M 8% H T K0 Po™ % & 8 B F i 8-17
DNAzymeP®! | H A5 25 3 R 1 4 1k ¥ B (horseradish
peroxidase, HRP)HE Ak I 4 1) & I 04 U4 A DNAzyme! 145,

19 1204 PUBE AR DN Azyme 2 VT 450 s & S 11— 288
R ARLIGE, & 5 21502 (guanine, G)1 H4E DNA JF41, Jf
REREHT BT A o S5 ¥ 1) 1 T4 DU 4% 44 (G-quadruplex)™,
Travascio %% U5 A S AL IML 4T 2 (hemin)f 1 4 K 1Y
ity AT 5 1 2R 3 S AR W B AR AL R, TR E IR T
G-quadruplex 5 hemin & & ¥ WA = 1204 PU 44 {K DNAzyme,
AR R A BAAETE Y hemin 2955 250 1%, B2 RRAE
TER R ALY, N TA U SIS DU AR DNAzyme %)
Tl g s . AkoetE A, TEMATaREE
A BN (TP A B S A

TE LAAZ IR 1y #5014 53 A 0025 DL SR i 28 A il v
B A SIS PUGER DNAzyme BESTFE AT R S AR 2
RS RIS N, A ROICORARNNE S, A LR
f1 1 366 i 00 A {5 5k T R U0 IS IS Y g A
DNAzyme 7E H,0, fFTEMAAE N W] MEIL AL ZFIIRY),
2,2 MR R - XU (3- £ HE O T E I R -6 T R ) — B R
(diammonium?2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfona
te), ABTS) 3,3,5,5- MW OB B K %
(3,3',5,5'-Tetramethylbenzidine, TMB)%%, 1 ;=4 R IR Al IL
0 B €078 A B A B I FL T P R BT X R, R
PR 1 W04 PSS (R DNAzyme FOAZ BEAG I 575 s 7T LA S2 B
T B S 04 T AL A I A R ikl £ R By e Ak 2= A ) 1%
RSP Ak, S AL RR YR o T A W A R
RS0 PUEER DNAzyme, JH HIH 652 Br A= Mg A
HEA TR B4 T TR AR kAR N ) B A 5T AT T K
FIE R 2 M6 . AR SCEIIEAHT T 25 5 ) S R Yy
HEIK DNAzyme HEALTEVERIZEH SRR, DLIE4R
BEK S IS DU SE /R DNAzyme A% BRAG I 5 12 1 FH 97 J52
WA AW/ FNBe b & P D Y SR, LU 58
S 5 IS O SR (A DNAzyme F A 4 FITG 5 (B B SIAR (5
SRR SR W B AL 1 S 0 PRV AR 5 R0 S B nig R LA e Sy ik
D5 AR A ik — 20 i S AT r) S B

2 BIE P4k DNAzyme B4 SEEF MR

2.1 SIENS N4 R DNAzyme BI45H
B IR PUSE R b o SRS (G LB DNA P84T

B, B 4 ASEMEN 8 4~ Hoogsteen &5 &2
FRE 1 AASERRE 1Y S RS DU AR 1HT, Pt 2s o (i
faf, M PH R FREAE 45 A S IEMS AR T (O) MR I
Tl HAR ), 2 A B A 1 IR DY S A 1 3 1o e HE
FEURH A FIE B 1 W04 DO A7) e ) 5 W DU T
PAZES hemin TE B 5 EERS PUSE (A -hemin &G4, Bl SIS
PUsER DNAzyme, 20 A% RETEA 2858 S AL W 1 fik ik
Ak,

5, W DO AR 11 45 ) 2 52 M) 5 T4 DU 4% 4K DNAzyme
R P A e DR 28 S I By A ) 205 ) 52 1 T
Y R AR E 2R E R W, ol OB RCTEAT . ROPATER
TRAFATEE 0L R [R] 45 0 T e e s T 1 N4y DO i
DNAzyme {GTERIRRE ), 28 O &l 5t
JERERP | PO R A X R AT A1
Hr 7 X I IR0 PU4% K DNAzyme #EAL 15 M5 5 104 pU 54
IREERI B RAAT T HFFE0GHE, X LB H A RATER S
IZER& PU#E R DNAzyme (9635 7 41 41 B RN B 3 B il ELAP R
PR ZX FHEARE 5 MO A 2 7

5T R B bR AT 4548 sl VR A A T 45 1 1Y) 5 IEE RS D %
R ATE N DNAzyme 114 Eb SOTA T4 R4 11 1 IEER4 DU 45
& DNAzyme HA H 5= AL 1G4 . Kong ZEP¥ Ay H 52
D R B AT AT S5 R 1Y) S RS PUSE (R 5 5 hemin 254 . ik
Ah, TR R A AT AR S IS DY R R, T RS
hemin & & i) DNAzyme [EATE HEIAFTER KA,
TR A B AR S RS DU SE (A P 41 r A S B AT T R
DNAzyme #RRHEALIT . Cheng S5 P15 N4 PU 4k
& loop X387 51 1 HES 7 =X Rl % Xof 1 R4 DU #E (K 1) A4 52
PR R R, P loop XK I H AT LAAT B4 AL B
5 [ 5 GRS PU £ {4 DNAzyme.

EI X BAAS S IS PUSEIATE ) DNAzyme, AfIJE 4
BT T W mIRA MBS, 5T E 18 36 24 5 8RS DY 4
BB T B A — AT 8 L 15 B 2 DNAzyme .
Adeoye %5 PO IR T A7 45 4 ) 1 104 0 4% fA (AS 1411,
Bel-2, ¢-MYC) & # ¥ o ol DLl i 2 BB K £
DNAzyme, 5502 [0] i AH B 5 [F] VR FH AH 1 I8 04 o 4%
DNAzyme [253d A0 W Bifh A0 15 1 S 2B 3 o, 11 S P4 T
SERL Y 1 I PUSE (A (PS5.M, PS2.M)II A B 250 1
FHiE. 24 DNAzyme (32, S S IERS JU%EE{A DNAzyme
AL TSP RS AR AL TR B . RO RS, X TR
I ERER IOy N = S AR K = 1
2.2 EIZE4 74K DNAzyme BIEEF MR

IS PUAE R DNAzyme B4R 15 1 52 5 T 19 125 - Fi
SR FE LA S pH (B %5 ZFh IR A (R 5 B o
WRETE B KL Na'sk NH, "4 FH & 78 55 e 3R s e o Bl
TRASE 9 15 104 DU BEIA DNAzyme JEREY, Hirh KO0 4if:
DNAzyme 454 iR E PERUR fe
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NATTRE T B RS PUAE /A DNAzyme BIAEAEHLT 1 40T
YRR Bt . Travascio 254 HRP FOAEALAIL ) HE KT 12 12nd
UK DNAzyme 7EHEALIIRHIET, hemin #% DNA J¥41) [ %8
PRI L S NEERS DU B AT T 254 1) b IR RS SN Y 460 1 |
FeAl, MM m VAR (HAR K hemin 7E4#
A SRE H R DA JRT 18 14 0 4 T HERRAE S RS DU BE R 1y 41
UYL HRTIA K 54 PUSE (R DNAzyme #6131 F2
A0 2 A T, L ABTS 1EJRY A, & 4% hemin 5
H,O, 1B, EREEY A, BEAY A 5B )55 ABTS™
R, A AL S Y B F ABTS A ik, L&Y B 5 5ik
JER ABTS™ SR F-UCAE B ABTSH FH LI hemin [ 149
TR

2R AT I IR PO 4% R DN Azyme 4544 R4 3R A A0
R EEERTEN AN A W) DNAzyme 7E & F I IR
FIBESE, HAZIRY 1 55 o F A W 5 2 B K o 5 I s
PUEE1A DNAzyme 755 2% HA% BR AN S AR 2 Hh B 25 44 11
AR T £ A 0

3 BEIEM P44 DNAzyme 7844460 A0 52

5 EE0S UEER DNAzyme 1R —Fh HoA 2l &AL Yl
REACTE PE I B8 SR, e O BRIy 1k s S R
FRAE T 3T 0 S Y, A SR AR A A AR i L A,
2B e G o (R S RS DU (K DNAzyme (AR A I /7
HEEEGEPIT 3 B (1) Bt IR USR>S
N R A O, R G ERE A R E 1 B i)
TORASHAZ 5, 1 P U0l D)2 0 P00 20 4 4 R 4 o S A
SRR (2) WEAEMIRY, ERMAFEFTMA hemin J&
5 S DU 5K DNAzyme, 7E HoO, FFTERY S5 T Ak AL
FEEIRY; 3) Eidthta . TR B bS5 Bl itk
A1 BRI, TSN 7R v B RS DU B AR P 2 i, i —
AP AR AR R B, AT ST A IS 55 H bRk il
W i Z T it x5 2250, B RTEL AT 20 SCRkHRGE T )
FH S 12204 PU 5 1A DNAzyme SHZ BRI E S 10K, 454
B4 Wt =0 S (polymerase chain reaction, PCR)P*¢ | 259
P HEHARCT LR A Py 18 TR B A S R 4
microRNA(miRNA)SEZFZ R 4> T4 TR0
3.1 RAEMHEARN

RA BN (PCRZB RIEA N IRY AR, H
PRAE R, BUAMRER, T AT Z g, 254G
19 IS PU4E (4« DNAzyme ) PCR J5 7 A DA B 4530 228 PR AR 0L
ZEHNWTAG I 25 9L, FHFI ] DNAzyme FAEAL R BORAG
G, R T A4 PCR ik 2R LS, gksh, PCR 2
VL P 5 | 40 R A 8 e T PR, S BN I I 0 D i A
DNAzyme R4t 5448 BELS IZENA IUEEIA DNAzyme
15 PCR J7 12 FI T 1A T THE AT T (RS, 32 00 5 32k PR )

W B AG: HH R AT % %1 50 pg/J P, Mondal 509254 2R 15,
IS PUEE (AR DNAzyme -5 600 RESK 43 125 ) DR &t
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R
3.2 FRIHEBEA
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A FEHRY 1 (loop-mediated isothermal amplification,
LAMP)&— g B S b 1 AR, AR T HIE R Y
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BT TR TR | F5 sk R/ AT R &
FRIEZEI W (HNB )G /1 5 0 ] MRS 1% SR, s sem]
TRARAGIN 532 78 FF PR R AR s R A A 2 s b,
X P BEVE AT R A H), Lin 25575 T B
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P eS| YA GE M, 7= AR KBRS =) . S LR, 3R
TEREH PR R s, AT RB S SC U5 5Ok . H S
W& DU BE (A (14 H AT S A BISE RS, — BRGNS #0 4R,
R REY 1 SIS PUBEIAR ., BRI 7 I SRR A
PCR il LAMP R§fE, {H 2B AES AR R &0, bz
FTF M B U ) miRNA % — A% 3 1 5 IR p 6
5o ey,

RCA J I 1 B ;=) S ARV Wb = 2 — g I 23 (R
A7 BEL T 457 1 W04 DU 4K DN Azyme 452 14 1F 1 97 825 15 [
ME, M FAAR T 3% 28 ik AR A8 R o Ry 1 i/ ask e 47 T
om0, W58 & FE 8 BK 2 84S DO 4% K DNAzyme [
miRNA-215 miRNA-378U iy n] ¥4k RCA #5:i Jy 3,
FRAERIEERE 5] A Nb.BbvCl H1 2% A YT R B 5
R, SRR T8 TR R AT AR ROR Y

R T Bl LR i A TG T 2 Tl SR A ZR 2 SR S )
A SR SRS A 2 (AN DI 55 ) i (o FH A 34k 23 T ok Ak 3
JEORME AR . Luo R T RNA A fil & 7R3
PSR, A N PUSE R S AR B R T MR Y
HESRDSEHREE, HAL TRIBRMRE 107 M AYHT RS $7
A Mao ZE43 RCA J7:H1 DNA /KEERAHSE £, A
£ 1Y S IS PUSEIR T BEAL I DNAzyme /KBEIE, B&iRw
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B REGEE . NUIRESUE R B SRR R .
SREREANT A | VI 5 LA R A5 A (N 5 g i
T AT ) B 51 Wi 2R G SOV R B R Y1, &Yl
Z VDA R — 25 TR TR 5 o Shen S5 1YZ5 & 4t i
HEHEAFR 5 SDA SO N T —FlgE X PIK3CA HE PR R AZ Y
e e S PR A I Ty i, b SRR DU S fA DNAzyme
FY AT LA IR BRI E] 0.2% 1)
PIK3CA JEHZAE, Af JH 43 B A ML TE A bl o A4 BE 28
AR,

3.3 YRR

AR, BESEE 4R i 2 (0 K 5 e DY 6 R
DNAzyme M4 P15 IR, X 26 A W) A% T2 ELA A et
] Jo A P 3, L R U L RB A T 2 R LA OKR, 18 TR A
¥ (point-of-care testing, POCT)¥& X 1 4= ¥y sl 4= W1 /N4
F IR T
331 “FF-R7RE

“TF-2 A 2 (1K 2 508 PUEEK DNAzyme A:#)1%
BERI—FE Rk, B, 45624 schEX
S (hybridization chain reaction, HCR)%% T B fifi & 1204 )y
Rk DNAzyme S8R5 54 HHAREL, Guo S d Ny T —Fh
Rl HIV S8 8L IR 1) TChR i 2B E ML B8R, R — 18
HE G IJPHIN DNA ZEREE - FEhr, BOAE LT ZEH
RGBS, TS S DU GE AR S5 R 12 H R
FEAERT, $EAR 5 RT3 B AME SO, FTTF T 2230454,
i 43 {5 b5 B D& AR S, AR A R A 5 I RS DY 1R
DNAzyme A j, WEIGTR T YR NMM(N-H LMk
iR (IX, N-Methyl Mesoporphyrin IX){5¢ 3, AN 5E
HEAS AL 30 min, K5 HBRK 1.4 nmol/L, H AT ZXT DNA
FE AT A2, AR R R . Ak
332 “HB-TER%

“OrB-ot BRGNS SIS JUEE /K DNAzyme T
AR IR SRR T o 2 AR AT BORE— ikt #E AR IRy 41
S5& G JPH(— k705 B RN PUEEAR P41 1 —F) 4L, H
R AR U B AT LR SRR DN H B G A A R T T AR
(aptamer) [ HAMNT A, 2 2 J500 B iREH S AR B 45
W, VR M B ARl 2 BoE G PSSR, TS ER
PUBEIRZE R, M5 & S 820 . Seok ZE1OMEHY T —Fifiit
F LR LM E M EREE B (aflaloxinB;, AFB1)A[#LILAS
W5k AEBH AFB IBOLT, SesnyaRe HA S g
1A DNAzyme BT 4 bWl H:, A DAL S R
. AFB; REBENTIE TG RCIR, FB 2 400 BetREr 40,
IERCR-DNAZyme &G WIS FBEREIR, St A b Py
FETEPEREAR . PRI, 7E AFB, £E1ERT, L[5S LAV BEAK S

(5 2R B, FCAGMIBR 7 0.1 ng/mL. 3XFh 7 i B h & i
i BRI BAS A ) A /N 70 ARG 5 0 A il

4 HZRE5RE

KRR A AR ) 5 bl e ke i £ 857k, 5
WERS PUEE(A DNAzyme HATZS AWML, A
By TR R AT . RGOS I Tr ik, =2 T E s
FHRE R HATC S GE TS S Y g R
DNAzyme MAZERY 75 155 A W A% IR O i LT D 2
DEPEEOR T | R TE  miRNA LKL R S5 2 Fh A= AR,
TE53 T HE W2 5B 2 AU B BRI Y 1 4R
1M, X AT IEAT G —LE PR AR, a5 2% R b PR 855 5 A TR
RGN 52 IO A 28 0k 55 ARG PUE 1R DNAzyme 25 [] 4544 55 il
LRSS . AR A 2 R DNAzyme LIK
UL 7 3t T BE g 5 IEERS PUBE (R DNAzyme 1A%
PG I 60 7 P A AT B T R o Xk b JR ]t g i — 25t
TR R IAL IR 5 IS DU EEK DNAzyme HYRZERAS I J7
T 0 I B A LR ) 5 Bl 22 4 U 4 19
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