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E T35 M AVEFRC S SEER ST F T Rt IR A /Bt g W A B
R YIEE 1 1S REHQN

Ix EAW HA% KER HAWE KEE EH
Biade”  FHRHE

(P ERR AR R 22 Bt , A=W fee 500 T A7 30t R 030001)

B OE P/ AZRR N YR 1(Apurinic/apyrimidinic endonuclease 1, APE 1) & —FhZIHEE 45, 1F
DNA &5 FILH R B E T ZEHEEEAEH . BT APE | A2 Fmie il 3235, W] fE i@ iE A Prdr
Yy, I THEBNIG R . 483 25 KB el o AR 5 19038486 S0 (Primer exchange reaction, PER) 5K
W& 15T T —FAERIC B SO LIRS, T APE LA TR RY & R . Y4IR R PR/ APE 1 B fifh k2
(Catalytic hairpin, HP) BYZ5% 5 , TC G-TUEEIAR (G-quadruplex) A2 il BURT U7 &5 AOAR A 25 T (Thioflavin T,
ThT) AN & H29E0, R R TS 5 0OEIRME. IMA APE 15 ,@’ﬂﬁﬁ%iE"Jjﬁu%gu/?\/n‘r&:%(Apurinic/apyrimidinic s
AP) LS SR U0 W24 iR A% IR PP 4 il AR5 1 W) 5 1 & PER 473 AR MUK &E G-PUBE(A
IS ThT 4R A G-TUEEIALEH I R 2, S B BIR R INIOLIE 5 BRI . PER 71 SR SRg A AL
e AR S BT e BT R BT AR o A RO R A VS 2 0.001~0.07 U/mL, Kt R (30)
0.0008 U/mLo IE&h, 51 P8I R] i APE 1 T B A BTN BERANAS N, XA = 1 S AR Se | i
AL TR R . ARFPRIC B IEOUAE T M T ORBRAR T S2 30 A, 523 1T APE 1 A PREAG I . It
PENAREAT I MIERE i APE 18 8, [MISCRTE 91%~104%Z 1], 3R B HAE A Wy B 58 J5 A B R
RNV 7

KSR NN AL TR N VNG 15 SIWISCHURN; G-DUBEMAR; BREAE T; ARFRCTOLHRE

Jd NEER4y/ Ry M W A% iR P U 1 (Apurinic/apyrimidinic endonuclease 1, APE D) E—F NRH 2
TER) Z2 D RE AR B, ZEBRIE DTSR I8 52 RN M e sk R s PR T sl ' A 40 b B2 DNA 1B,
APE 1 U3 A V) E) X% DNA J:B@jﬁu%n%/n&ﬁuﬁ(Apurinic/apyrimidinic , AP)fﬁ,ﬁﬁfnﬁEﬂ BN
i AL RN SE B, T R IE R I 52380, BeAh, APE 1 34 Al S S8 AL L s 17 v J LR o
B T, W p53. AP-1, NF-kB. HIF-ofll PAX-5 25 i #3235, SR, o AR e 4 4
P AR b R A O E 0 Tl R 240 B A0 S B S AR R . XM S AR AN S o £ A
B A 0 LR T R 5 0 AR 2R B ) AR 2 o e A A A A 30 T e R A A S DR R SR
FohIEE AT A7 B, HETT R AT P R 8 Rk, APE 1 Al /R B B A AR s el B I PR32
Wi, fiS 128 Ko il

TRGEM) APE 136 PN 5 J7 12 G AR I S Be W B oAk . A2 o Al D s V22 R G SR8 3 M ik
MR AT AR PR SREAT FLAS SR AT SRS (AR A RERHE A AR T el
DT BA PO | B2 R LB A SR VR AR R B, SRR T2 1, Liu 2510
RG34 S (RCA) S G-TUEENA (G-quadruplex) FIS5 G BT T —FZOLIREE , FI T APE 1 B9 R A ;
Huang %5 F 58 & BE AT A D) [RI1EFH RO S5 IR B SR S G-DUSEIRARSE & JF & T —Fhal ki APE 1

2024-12-05 Weki; 2025-02-19 %52

LLIVYA [ SRBREBE G091 H (Nos. 202303021221139,202203021222259)  H -+ [FRE2£ 5L 415 H (No. 2024M761887) FLLI P EERLK
SN A PR R R SE IR T AL 695 H (No. CPOF202301) BE Bl

* E-mail: zhaoxuhual985@126.com; shanxiyangcheng@126.com


https://cstr.cn/32174.14.j.issn.0253-3820.241457
https://doi.org/10.19756/j.issn.0253-3820.241457
https://doi.org/10.19756/j.issn.0253-3820.241457

%5 3 EEAESE TS WS SO B ARFRIC IO CHREH T L /150 s WG A T A LD 1 ) g SR G 465

() RABAR IR . L IRME B AR A B 1) A (AR R T B v 5 22 T4 DNA JEHERE . RSN
B T (Exonuclease | , Exo ) FIAZERZMIEE T (Exonuclease T, Exo T Y3 [FI/E T BEERIRAR AR , 56575 2
WUIEGATBIIEAT B —Fe 4 3G . ZFPERAYI A A 25 A ER S U MBS 5 R XU | i 254
TSI P A FNERAE R A2 2 o PRI, R R RS 5y . RE S P dr BLERE T B APE 1 A BOR B RS
FEAE L.

51134 (Primer exchange reaction, PER ) 5 M &—FlHr#0 ok K S IRAZ IR Y Wa A 1E 3 —
RRIEFCHOR A AL R Wk T T R B B R A AT 5 o %K LUHEAE & & (Catalytic hairpin, HP)
DNA SR, 76 R G BRI VE R 5 sl ml i3 H 82 A aE B4 N, e 2 DL H 3 TR A IR 0 7 =0 A
LA I AR DNATS . SRR IS H Y WHERM L, PER &It o, L5 — R 4 AR ]
SRR S EHLPSE A E S 15 Xie 25810 CRISPR/Cas /K 2 5 PER 5 RAHSE S EE T —Fh s R
AR TAZAZ TR H ARG . Li 250 FH PER $0RTT & T H 32 DNA S ey, TR R R 2Evb
TR o ok A% Je g Sl 2 it 1 A 1 SR B RS e 1 , (R TR B2 R e % R i i sl ic it . JEAmid
PENIRET TCTAHE T 0 FilfArhmic , BAERERTE . AR L B n] S Wi A= MR R s S A2k A 3.

FIIH PER BT i BB R AP AR RE T, AR A EE T —FhIEAR I B A 2B % , T APE 1
PR PGE | m R, AL R e R E G RSN A E T A e 45 R R R, H A5 AR RE , Bt
fif# 23 T(Thioflavin T, ThT)¥F & T D AR YT SVOGIRME. A APE 15 LK FRY AP LS #E
VIR, A R AR P A FTAVE 5151 & PER 973, AR R 319 G-PUBEIAR . T 509 ThT A G-PUBEIR
GERIE RSO, FEUA RN OLE S B E5R . PER 33 S N SR IS LA AR e Je AIRTS Seis i T b %
AR R RIS P RAUE . 1AL, PER 9T HEARTEEERAMNAS NG 14, ik T 4#AE 2058 i HARPR D A %¢
HAFZ B BRI T S2 30 A o B AT L T A MIE AR APE 135307, 455384 N &

1 SEIGESY

1.1 5 HA

F-4500 5564366 1 ( H AR Hitachi A 7] ) ; FE-28 pH 11 (€[ Mettler-Toledo 23 7 ) .

APE 1., Exol . Exo I, Bst DNA & (Bst DNA polymerase) . i EAZHZIRHE [ (Dnase 1) I3
H E ALY (HRP) W H 55[E New England Biolabs 23] ; ThT. BEAZMIE T —#5HR (ANTP) A fb &
& (5"-AAGGGTT/idSp/GGGTTAGGGTTAGGGCCCGGTTTTCCGGGCCCTAACCCTAACCCTAACCCTT-3") H
A T AR TR (R A PR Bl s NaCl, MgCly. Tris-HCI 22 Mg A2 I35 1A & 1 (BSA) $ H
R EERRARA T . 1xNEB 2.1 ZEM (50 mmol/L NaCl, 10 mmol/L Tris-HCI, 10 mmol/L MgCl,,
100 pg/mL BSA, pH 7.9, 25 °C )l [ 25 [ New England Biolabs A/, LA FiFI¥ k0 #ral , Joms Hoe ik
B, SEIGFHK A MILI-Q #E4li/k 2248 (35 Millipore 23 ) ) 45 O 40K (18.2 MQrcm)
1.2 ZXWAHE
1.2.1 APE 1 &4/

¥ 2 WL ANFEEER APE 1., 2 wL AL & J2 (10 pmol/L) . 2 wL 10xNEB 2% 4 1 4 L DEPC /KiE
E¥5], 7E 37 CRUV 60 min J& , 7E 65 CHNH 20 min fff APE 1 263% . AREHE 10 pL iR Z |
2 wL Bst DNA AT (1 U/mL) . 4 pL 10xThermoPol SV 28 W& . 4 pL 10xMgSO 7 . 1 mmol/L ANTP
(dATP, dTTP, dGTP, dCTP)4% 4 pLA12 pL ThT(40 wmol/L) Z EP 4t #Mill DEPC /K Z SR, 40 pL,
R2),F37 CHEE 120 min, SOV LG  ZREEAMIT IXNEB 2.1 8 il £ 8RR 100 pl; 7RI K
425 nm . KEFIEK 480 nm S50 IEIR R BT GIRIE
1.2.2 ZBREFmS APE 1 iUE

A FE () VR R AS R 1L PG R R 5 — B B it R4S 1 A 2 L S it 2 538 ) g [m]
B MEFEASE SEAE 4 °CLA 10000 r/min Z5.0> 10 min, 2545 B2 055 , #6083 4%, T 65 CN# 15 min, f# 111
BHHRNEAMIIE . BAFWRER APE NS iR, 4% 1.2.10 1A R o 6smE , vH
THEES TR APE 1 A ISR
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2 #RE5THE

2.1 SLIGEIE

BT PER WA AAR 0 SR BB AN ] 1 T3, S5 AL R I 5" & AP A, 8 F H
BRI APE 1B 33 Inverted dT LG AR SR 181200 S5 3mSR OL & A — B & L7 4)
(3%} G-C L), FHFLIEY BN . R APE 1 B} ik % Je iy g5k Fa e , Ab FF B RS ) ThT A%
B9 AL BAR R 5 9OCIRME . A APE 1 )5, APE 1 FrRMR_ B DI E AL & I F1%) AP {5,
S4HE R AETRIT A (2% 68) AT VE A PER 9734195140, Bl , 7F Bst DNA REBMEEILIERT , 51 9F
JAK) ANTP 47 2B, B 28 SR 2 L P HIRT 4501, TIN5 4258 Y52, 48K 19 DNA J7 57
A 2l G-DUBEIR  WiFES A ThT ik A G-PUSEIRZER H & 90t L RBIR R DG S g Eem, 5
F PER KRB AR RIC OO CERE APk . RAEE APE 1 i HE3E T — R ik

/\P:\;slite Sto;i sequence ; /}O Primer
O — ) —

Target APE 1

N
3" Inverted dT
Catalytic hairpin Bst DNA polymerase |

// ;
0— » 0 — Iimmm)
l 2100
‘ _ 1800 With APE 1
- S 1500
VW +<: Jﬁ} £ 1200} ‘
W )

\ Y — 2 900p Without APE 1
—_— » f .-
ThT

600 |
G-quadruplex Signal generation

FL intensity/

300

0 L 1
450 500 550 600 650
A/mm

K1 LT3 152 S0 (PER ) SRS P AEFRIC I IR T LIRS/ WE AL R N VD 1 (APE 1)36 MEAS:
MUY R = B
Fig.1  Principle diagram of label-free fluorescent biosensor based on primer exchange reaction (PER) strategy

for detection of apurinic/apyrimidinic endonuclease 1 (APE 1) activity

2.2 ERERMFITHES R

R T B UE AR AR R A APE 1 B RIATHE 558 TR F I 4500 MR M2 k. niEl 2A Fios,
YuBl ThT We s T, 5OLE SRS (L a) o AL KRG RN ZOLE S IL T 51 55 55
F(hZk b)), IX R R I ZETE , ThT REB 52456 . A ANTP Fil Bst DNA R4 il , HoAZ 8k
RMBEIRE TME (L ¢) o A APE 15, BLAZBHA R MZOLE T &R M (I d) , X & H T
APE 1 PR 5 IF Ul B b & I 10 AP 06 o5, WAz sy 5 % R ) 9 BLHEAE R 5 1951 & PER &
B RO G-DUBEIR . WFES A ThT fix A G-PUBEIRZEIIE & H 5. WnIEl 2B 7R, ilA APE 1 Z i, 16
LHMSEIRG T AR MEERNTEE(E 1) MA APE 15, W2 B 5 156 (4 2) , 25 SR S5 A R 90
WAL —3,  FIRGEREY] AMBBIR R AT T APE 1 3G PERI
2.3 LBEMHHMRL

g T AL AR 2R ARG IR E A B e, X ANTP . Bst DNA SE B ThT AU JE LK PER 9734 [ v
B (] S S IR A5 R EA T LA o RIS B R D m B U AEL (FVF, ) TR AR R B M RE o, FOR AR
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A 2400 p— B
— ThT+Catalytic hairpin ThT s
— ThT+Catalytic hairpin+dNTP+Bst
2000 — ThT+Catalytic hairpin+dNTP+Bst+APE 1 Catalytic hairpin +

+

—
D
o
(=]

1200

FL intensity/a.u.

800

400

450 500 550 600 650

A/mm

K2 ARARAATATIE T (A)ARFZAE T AP B PO B B, H PR R T(ThT) | LA S
FBE SR AT —WEIR (ANTP) < 2535312 800 200411 40 nmol/L, Bst DNA JREHEES APE 1 Ik
5350 TAI0.1 UL (B)BIA APE 1HT (8 1)) (B 2) e A R AU SRS E U

Fig.2 Feasibility analysis of sensing system: (A) Fluorescence response of biosensor under different conditions.
Concentrations of thioflavin T (ThT), hairpin and deoxy-ribonucleoside triphosphate (ANTP) are 800, 200 and
40 nmol/L, respectively, while Bst DNA polymerase and APE 1 are 1 U/mL and 0.1 U/mL, respectively;
(B) Fluorescence images of the biosensor with (Tube 1) and without (Tube 2) APE 1 under UV light irradiation

APE 1 B9 IR BE , Fo WANTFAE APE 1 B AZOEEREE . WAL 3A Fios Bl ANTP R EEME K, FIF, %3
K, 4 ANTP R BE3E % 100 nmol/L B}, F/Fy ikEPF-5 1. Bst DNA SR Gk B2 XTI A% B R 1 BE Y 5%
WA 3B B, 24 Bst DNA AU EE K 1.6 U/mL I, FIF, kB KAH . ThT HeBEXT A& Ik 2 PEfE
(ISR AN & 3C 7R, 76 ThT ¥R K 2 wmol/L I | F/F, SR . PER 4714 57 s 1] %o JH A4 8 dA 22 P R
()5 4N 1] 3D TR, B B BB [RIRE K | F/F 288, HH7E 120 min BFIRBIE(E . LAk, T KOXF
G-DUSERZEHE (T RN SE A — 5 2 2548 T KCL R X AL BedA R PERERY 2 . Tl 3E s,
24 KCLYR M 0 852 10 mmol/L B, F/Fy K & A BEARAL, 6B K I A L B4 2 (0 R I 14 RESE AR T
S2IR) 3 AT BE TR P Y Nat vk B8 2 U G-DUBEIATE ks e i B b4 .

PRI ERETLE 4 CHEBE R ARAF AR a]S |, 2 Xt APE 1 RGN , LIPS ERET iR E k. 455
WK 3F iR BREHTE 4 CHBERRAT 24 W )5, FIFy AR NI, R HEA —E e,

25 PR AW S AR AL A 2 i A 100 nmol/L ANTP . 1.6 U/mL Bst DNA Z-A EFI12 wmol/L
ThT, JZ )% 120 min J5#E1 75 225056
2.4 EBRERMSHTIER

TER ML ITAS T AL IR R R R EE APE 1 A i PERE , AN1&l 4A BITZR , RAFFE APE 1
B, ik & e i 25 A ge s, FRLE ThT T B8 T ,%m‘tkﬁf,1%2121:/%8’1%%%‘6@{&0 bfi% APE 1
WREBA R AL IRAR R DGR B Bl 2 358 . X EE R T APE 1 UIEMEAL & I L) AP 785, A BS54
2 PER P 5T 2 % G-VUSEIRZE M5 ThT 254, BB 4T T 9OmN . AR IEIA R 1Y) FIF, 5 APE 1
YR OC 2R AN 4B FT7, 24 APE 1 MREESAS] 1 UimL N, FIF) B TRaE o &1 4B 1 & 4 AL B4R 2 460
APE 1 A IE #h £k, R A6 075 Bl 8 0.001~0.07 U/mL, Z6PE 5 My = 52.06x + 0.91 , HHKE R E(RY) N
0.995, K Hi B (36) 4 0.0008 U/mlL, 5 SCHkHRIE FIARICHEDT AL IERAS (£ 1) REUEHIY H Z 0, X F 2
IH P TR IR BT 5L TR PER BY S 30 4
2.5 ERERMEEE

N T WAL AR Z 5 APE 1 1R A4 2 T HAE Exo [ . Exolll . Dnase I . HRP LA BSA
FTRYAAAERT D Em R . W& S B, A BAr¥) APE 1 B RIS s S N {5 5 (FIF) 5
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A 12 B 12 C12
9t 9t 9+
& 6} ! <6}
S //._\, S S
3 3t 3
0 : : : : 0 — 0 —
0 50 100 150 200 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
[dNTP]/(nmol/L) [Bst]/(U/mL) [ThT]/(pmoVl/L)
D 15 E 15 F 15
12} 12} 12}
-9t 29t -9t
S o6t ~ 6t
3 3t 3
M L M L M M 0 M M M M " M 0 L 1 1 1 1
20 40 60 80 100 120 140 160 0o 2 4 o 8 10 0 6 12 18 24
t/min [KCI]/(mmol/L) t/h

B3 s Rtiik: (A) ANTPIKEE; (B) Bst DNA AWK ; (C) ThTWE; (D) PERJZNNY
65 (E) KCI ¥ EEXLRAR RATIPERERY oM 5 (F) 4 CIRE T HREFIRUENEINIALE R . F A0 Fodidil
NAAERIANAEAE APE | IR RGERI DO GIR B IR ZEMEFIR 3 W I SRR bRifE2E

Fig.3 Optimization of experiment condition: (A) dNTP concentration; (B) Bst DNA polymerase concentration;
(C) ThT concentration; (D) PER reaction time; (E) Impact of KCI concentration on detection performance of sensing
system; (F) Stability testing results of probe at 4 °C. F and F} are the fluorescence intensities of sensing system in the

presence and absence of APE 1, respectively. Error bars represent the standard deviation from 3 experiments

A 2800 B 10
2400
Sk
2000
5
<
= 1600 o
5 S
5 &
£ 1200 A
:]' B »=52.06x+0.91
- R?=0.995

800

0.00 002 004 006 008
[APE 1}/(U/mL)

= 0 L 1 L L 1 1
450 500 550 600 650 0.0 0.2 0.4 0.6 0.8 1.0 1.2

J/nm [APE 1]/(U/mL)

400

K4 IR RHTERE: (A AR APE | BHMERARGMZE KSR (B)LRIAR2E
JEIREE LS APE 1RIERCR B L AR R AR IE 2k

Fig.4 Analytical performance of the sensing system: (A) Fluorescence emission spectra of sensing system to
different concentrations of APE 1; (B) Relationship between fluorescence intensity ratio of sensing system and

concentration of APE 1, inset shows calibration curve

AT E TR A BRGS0t N 5 28 A SR, LREE SRR, AL BR R X APE 1 BAT R 4P
e
2.6 ERREFEmT APE 1 UE

K AT X NSRS APE T IEPEEATINE . i FRE 3 A% 09 LT RE o rR s A [R) ik B2 1
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1 ARFEIAPE VLA RAGIMERER) LA
Table 1  Comparison of detection performance of different APE 1 sensing systems

LM AR

oRlpIRFS . S 275 3k
Detection method Linear range/ Detection limit/ Ref
(U/mL) (U/mL) ’
FE ISPR ™ 8 By 76 6]
Fluorescence method based on CRISPR cascade amplification
FET AuCudy G RN AT S0 A 2 ThT 1 i 2 P vk
Surface-enhanced Raman scattering (SERS) based on AuCu alloy and graphene 0.002~20 0.001 [22]
oxide
FET 07T W SR 9Otk
Fluorescence method based on molecular gated hyper-branched rolling circle 0.0001~0.2 0.0001 [23]

amplification (HRCA)
SRS A ST MNP RES

Fluorescence method based on fluorescence aptamer-centered hybridization 0.5~16 0.1174 [24]
chain reaction (FAC-HCR)

FET UL DNA AR ER RO

0.02~1 0.01 25

Fluorescence based on bipedal DNA nanowalkers [25]
FETFREHLBUE B DNA 17E #2612

0.001~10 0.001 26

Fluorescence based on stochastic bipedal dual-DNA walkers [26]

A g b R I

BT FAabs itk 0.01~40 0.0026 [27]

Fluorescence based on molecular beacons
HT 51t S AR TOLIRE 0.001-1 0.0008 AT
Label-free fluorescence probe method based on PER ’ ’ This work

10

FIF,

APE1 ExoIll Dnasel HRP Exol BSA Blank

FI5 ALK R FESHESE S APE 1 HRIEN 0.2 U/mL, BSARIRIE H 2 we/mL, B RGN
2 UimL, REMERIRIWL I AIbRAER . HRP: B S ALY ; BSA: ZF Il AN

Fig.5 Investigation of specificity of the sensing system. Concentrations of APE 1 and BSA are 0.2 U/mL and
2 pg/ml, respectively, and other enzymes are 2 U/mL, respectively. Error bars represent the standard deviation

of 3 experiments. HRP: horse radish peroxidase; BSA: bovine serum albumin

APEL, M 5E 25 a3 2 Fios , MTE AL S T APE 1 AR IR 91 %~ 104% , A X AR HE IR 22 <5.2% , 7 11
AL AR 2R AT T SEPRAE S TR APE 164347 .
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2 AIMGERES APE 1 A9 e 4554
Table 2 Detection results of APE 1 in human serum samples
B A Wi il oo R
No. Added/(U/mL) Found/(U/mL) Recovery/% e 5(;“ :j;)‘ eViation
0.005 0.0046 92 48
1 0.03 0.0292 97 2.8
0.07 0.0731 104 0.9
0.005 0.0046 92 3.6
2 0.03 0.0274 9] 5.1
0.07 0.0682 97 4.7
3 4t
FF PER ¥ BE R MEAGEE T —FpAEARIC R OO CIREN , T APE 1 3R & RN E o ik & e AIG
Bt PER B A00 BA M bR e B0 AR &1 1) R U K BRAR A 0.0008 U/mL, BEA1, PER §°

SEATBENGING 1, A 1184 ALBR i HLARARIC B SO AR 5 R FHORFRAR T 5250 mliA . A7 1
AT NIMIEREA T APE 1G0T, 4584 il
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Label-free Fluorescence Probe Based on Primer Exchange
Reaction for High Sensitivity Detection of
Apurinic/Apyrimidinic Endonuclease 1

WANG Yun-Hua, WANG Le-Ru, YANG Li-Gai, CHEN Jia-Zheng, DU Yu-Run, HOU Jia-Hui,
ZHAI Xiang, ZHAO Xu-Hua', YU Bao-Feng’
(Department of Biochemistry and Molecular Biology, School of Basic Medicine, Shanxi Medical University,
Taiyuan 030001, China)

Abstract Apurinic/apyrimidinic endonuclease 1 (APE 1) is a multifunctional protein that plays important roles
in DNA repair and regulation of gene expression. Because APE 1 is overexpressed in various cancers, it can serve
as a cancer biomarker for aiding clinical diagnosis, guiding therapy, and monitoring prognosis. On this basis, a
label-free fluorescent probe was designed based on the primer exchange reaction (PER) strategy for highly sensitive
detection of APE 1 activity. In the absence of APE 1, the structure of catalytic hairpin (HP) was stable and could not
form G-quadruplex. Therefore, the background fluorescence of this sensing system was very low due to the
dissociation of thioflavin T (ThT). In the presence of APE 1, the apurinic/apyrimidinic (AP) site of HP was cleaved
by APE 1 and a short nucleic acid fragment that acted as a primer to initiate PER was generated. After PER
reaction, a large number of G-quadruplex were produced, which could specifically bind with ThT and resulted in
significant increase of fluorescence signal. The combination of low background design of HP and PER
amplification made this biosensor had high sensitivity with a detection limit (30) of 0.0008 U/mL. Furthermore, the
primer sequence was directly generated by the cleavage of APE 1 without additional addition, which not only
increased the specificity of the reaction, but also simplified the experiment procedure. Moreover, the use of label-
free fluorescence signal reduced the cost of the experiment, and realized rapid detection of APE 1. Finally, this
sensor was used to detect APE 1 in human serum samples with spiked recoveries of 91%—-104%, proving great
potential in study of biological enzyme.

Keywords Apurinic/apyrimidinic endonuclease 1; Primer exchange reaction; G-quadruplex; Thioflavin T; Label-
free fluorescence probe
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