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B T8 & FAZERIR 10 G- TH S/ 1t 2T 3= Bt S A% B
ZIREEWIE RS

TE REH AXF EHRFE G#L
(P F K2, ATHLT 0 B R TS0 % | T IR bR SRR T 505
fos BUBPEY SAPRHRBFIBE , H5¢ 210023)

B B DUEREREEE (HP) AR BICE , T4 50 DNA MG At T —Fh P 600 1.2 2 F0 12T
FEEMDE “turn-on” BRAEYERES, DUTE HP A0 TEhMEE A S5 32K 2 8] 7] & A msdoedt
PREERHH , FEEOER; SYHEE 6 FAIFEMAR BT TN EN G-TUsH AL R SRt Atk
52 0 ERK, 5OCESIKE . DEGHT AT AN LT A AYAE H FR 43514 283 #1109 pmol/L., i
—  FT G-WUREAR/ A E A YRSt S YNGR DL K L2 B S R G G 1 B 4 o, SEB T X6 L2 B
WA B AT RRAR ST, K6 BR A 3.6 ol /L, I T4 P > R 420 A I 3 /K- (30~200 pmol/L) o X FR 2 IiREA:H1%
BE G BARIGE | A RO FEAE AT . 0 BE BRI W A U LA VB AE A R (L

KB G-DUsER; AR MaOR; mMaEd; hyhkes

A% T (DN Azyme ) & 20 tH42 90 4EA0 & B AT — 2 HAG AR TR 51 BE ) At AL D BE A HL5E DNA 43
F.o &5 Mk , O R AMAEIIREN) DNAzyme, Horp , 8-17 DNAzyme %ﬁﬁ%ﬁ%gﬂgﬂﬁg\.&%,ﬁ
10-23 DNAzyme #PE A AIFHUIE RNA IIFE" 5 Cu HMiPE DNAzyme HAT V1 E] DNA JEY 3
AE>'; E47 DNAzyme FJfAL DNA 22 (] AZEE RN 25 G-DUOBEAAR/ 2T 2 DNAzyme EA 2K id AL WG
P, ALY BB R DCR R UVIC DNAzyme HA ARG B4 P , T (g i g — SR 1A% 2
RO fEX BT RER 1Y DNAzymes 1, G-PUEEIA/IMZT 2 DNAzyme HEA R EFFIREME . B a04r
SEVE RGN A 52 T . G-PUBEIAR SR G-DUBEIA/ 4T 2 DNAzyme B CHEEL BG4, 76 K ol Na" 5
T, & &% S (Guanine , G) Y DNA FH) AT AL G-PUEEIRZE# | HET 5 12T K45 5 T i B A B VG PG
G-VUEEIAR/IMLT ZE DNAzyme . Horf, G-DUBEASE th 24> G4 K2 idi 3t 2 (8] () w-mdfE BUE M ;G4
2 E & BBEEE G FHIAY DNA # A, AR HE DNA 8510 K& R, fTTE 821 N BT EE G4 A
JRUL AR, G-PUBEIAR/INZT 2 DNAzyme DL EELEWIMEI . AW UG MBS 7 45 AR5 21 2 IF 5T A
mﬂq[&ll}o

2138 & —Fh R SR AR I bk AL A4, 1 R LT8R 1 A 4 3 6 AR Il 9 AR i i B AT A
Mo METRWZNLEN . AR ARG . oSS 5L, S 5410 15 FIRE
PR SR LR AR R N . AN LT R SR I R B AMK 25 2 — . DRI, X 20 28 A ERff 2 PR
HOMTER W SIYT . Bt RS RAEEE L, HET, CE T 2R g2k, 8
FEOEEREE T A2t ok R R Ak A i PO O R AR s . BRI L AR
Bl , CAS 2 A T AN o ERI, XTI ZT 2R A9 CRIN =25 T PAIHLE . R 2T R X A ek
BRSO CIRE KB , LR RS P R T 5 21 R Z [ R S 25 A AL . mFFE 43 i 4l
T BBV R SRR BAR ALK L BRI S R Ak AT R RS A SR
IS T ML R AR . PRos A A BR 43308 015, 0.25 F10.43 nmol/L. X EE 5 he g | vE#R
Py HR B B 5358, “tum-oft” B AIZOERIN A —E W mRM . 5T &SR R
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Et, DNA VBN —Fpl ) iz (8 9Ok AE W ph ek, A RS G i . Rue tEly . B bmic S0, i H
DNAzyme ELAT 8 BOMEALIE M | ATS2IR AT 28 04 S0 | DR 76 22 AN 45U s ) B A A S 308

kAR =] (Hemoglobin, Hb)ﬁi%ﬁilf\]éléﬁﬁlﬁ’ﬂlﬁ‘]i%éﬂﬁi%ﬁé},I%ﬁ%’f&%é@?%%%ﬂéﬁﬁ,ﬁﬂﬁ
FRATILIE ML21 8 U RB IS5 S0 OCHE . I ET B (R B S i & RS peig & A , 91 n 4% A0 1 I 45 1l 1
TR e B AR AT G , T L5995 FIVARE DR s SARAK I 2128 P KO THs A 56022 BRI Wk AR PN 1 2175 ik
BB W B S X PR A )12 AY LT B ARSI s R He i | 75 B0l 14T 26 AR e
4 I 2T 2R AT A 0 A TR . T AR B — B0k AL R B | SRR B AR R 5
PO AR R R . RIS, R BN R 2 AN E TR B 4T 8 ot
ARG 0T S5 PR P K AR ML 2T R B TR AR 5 TR T KA T A 5 %
FIRE MpH B2 R Z R m B2 I AT E T R R . VER R R . ARG BT G AT
BRI T

PR (L-Cys ) B—FhEHEE S SN ZIRLIR , 2 5 2 Sk WA Y6 nl, -5 40 53k
R BETIM . L-Cys BS5HEAMRNITE .. FIARE AR5 S 0 S8R
LV ek -5 5 e — RN A BREw , WA KGR %R . BAMRGE . AR . 55 R IR 2 8K
AL R, TR R RO L-Cys BT 2 HOA B R L. BRI, TR L2 e R i) 07 vk
FEAAEEDST . B GEDY | R s R AR RO A BRI, X T A A
TS B EE 2y RS il 2 R R A BB Rl AN, Ik PR EHGE T 2 M A 2 Al T
PERSKAPRL, Bk 558 SR @a B A Ak | 4R E TR IE gk A A A
GORAGS S Sy L-Cys BRI LA T 57 s

AR R E G LZIALTRIEEr M T —FR Ry (8 | PR F s R A ey Jr vk F T I 21 N i 41 2
FE AR, 5 40- AT WL IS IS oA 45 SRR I, A TR ET 5 ML R Z W &4 TR A EAEH . 36T
I, R G-DUBEAR/ 1212 DNAzyme FIZEIT S AL YIBETG 4 , (I SEEE T L-Cys AP L A .

1 SEIGERS

1.1 FE5XF

RF-6000 %53 EGRE T UV-3600 $550-RT WA G EETH( H AR S A R ) 5 PHS-2C BUSEERZE pH Tt
(A EABRAF) ; K30 T2UTHR A (BBAEFABRAF])

MR (g —EYRHHAERAR); L-Cys. L-228FR(L-Ser) . L-AER(L-Glu) . F1MiEHEH
(BSA) FH &R (_E M B2 AT A F]) 5 JEIRSE IX (PPIX, 36 [ Sigma-Aldrich 28] ) ; ML R
fitf (Lys) . L-PUOR MBI IR ( IR T AW TAR W] ) 5 ARMORR PP AR T2 U IC A4 1(PD-L1, b st S
MBHEAFRAF]); 3,3,5.5"- P4 F R (TMB) Flid A = (BT T AR A IR AR o SEs K i
alizK (i =18.2 MQ-cm) , 1 Mill-Q #8217/ (3 [E Millipore 28 7)) §il 45 o Pr FHBEER £ 2% MW (PB ) AX,
434 0.55 mmol/L MgCl,. 137 mmol/L NaCl, 2.7 mmol/L KCl, 10 mmol/L Na,HPO, I 1.8 mmol/L KH,PO,,
pH=7.4. DNA %% (HP) W _FigA: T AW TAEA FIG 1, R HPLC glifk, S H R 740 5'-BHQ1-TA
CAGGTTCTGGGGGG TGGGTGGGGAACCTGTT-FAM-3' ARl SCHk[ 43 1A 7%t
1.2 ZEWH*E
1.2.1 MEERKN

] 36 WL PB HfiIA 4 wL HP I (2 wmol/L) F1 20 pL MLZLZ (8 wmol/L), 37 °CJZ 30 min, #b 5525
AT Z RARBUN 400 pL, M2 2B 60 . BRI 480 nm, &G 490~650 nm. JE 22250, RF
FEA BARFRE A 20 wl. HRSEPESZE ) FH 100 wmol/L AY SR IX . L-Ser. L-Glu il L-Cys 4% 20 L {E
S BAMERT RE AR AR ZR (Mix) VR FE R 8 umol/L A L3 4 Rl JBRTR A i, A4S 20 L.
1.2.2 M4 E/MPE R RS ERNE

B4 pLAPE 0. 10, 20, 30 i1 40 wmol/L ) HP E /B AN A E] 20 wL 80 wmol/L 2T R, F
37 CJ¥ 30 min, #M7E PB K 2 ZARF 400 wL, 22 S50 1] W OGS
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1.2.3 MAZEBRIEN

I 2T PRSI %) S 56 7 R ad B 45 i 21 A AR ] o AN (] 2 A 78 0 S S0 36 b ) B % iy
BSA. Lys 1 PD-L1,#E 44 8 wmol/L.
1.2.4 L-CysBy&i

16 HP(4 L, 2 pmol/L) FIMZL 2 (20 pL, 8 wmol/L) K2 & BRI, A 100 wL L-Cys (HEEES3
0. 18, 36, 72, 180, 720 F1 1440 pmol/L) . ZFE RN 2 min J5, AL R 100 wL ) TMB
(10 mmol/L) . H,0,(50 mmol/L) #1 HAc-NaAc 2% A (pH=4.2) , 37 °CJ i 20 min Ji7 , FHERIR LT
TR SR DU 28 A1~ 1] WL SO  El 7 A Sl W SU(EL Bl L-Cys R B AR AR RARMERN £ . R E S g, A
WS4 R 1440 wmol/L A9 Gly . L-Glu, L-Ser. M-ERAI L-HUR MR AE R B BEUEA T 5256

2 #FHR51TE

2.1 fERLREE

BT R IALFRARET HP N G-DUBEIA/ 121 K DNAzyme (W REA WAL RFEIUNE 1 s, HP N#
A HBECES G P DNA R HIARIC PO EE A (FAM) FIAE K HE A (BHQ1) #4173 5 bR . HP 4T
Ui BRSBTS AR A 3724 ity (14) L 4N 3 22 ) 9 SR X, T RS I & e 454 . IR, FAM A
BHQ1 M EAEVT , KA E a5 ' C IR AE S 4% 8% (Foster resonance energy transfer, FRET) , FAM BY2¢ 6%
PEK o HUBRAFAERS , 2T R 5B HEN HP TR AL G-DUSER I 55 2 254 ke e B 2T 2 /G-DUBEIR R 59, It
if FAM 5 BHQ1 M ELIE B , RNEE & 42 FRET, FAM AU2EIRE o i Wi o FIE bR 26728 1k, mT
SEPRGT MLZT 2 B AT 2R A A B RE SR . 6T G DUBE(AR/ M 2T 28 52 A W i 280 S AL W S 1 LA
Ko L2 I G 1 o) BTG PR B4 ] | ] B — 2B S B L-Cys B A] ALK . ATEAE L-Cys I JIEY) TMB 5
H,0, e S A 0 AL AR P T A2 B = A I SO 652 nm Ab IR HE €5 Y LR IR A7
FERT 280 S AL BRSPS A TR SR T 8 WA W I A I e

.

R

Abs

—-

A/mm

Abs

A/mm

B ST R IALIRIRET HP I G-PUSEIR/ L2128 DNAzyme (1) Z DI REAE W) 1 125 5 2 5]
Fig.1 Mechanism of the multifunctional biosensor based on hairpin probe (HP) and G-quadruplex/hemin DNAzyme

FAM, 3K EARCHIE R (Fluorescein): TMB, 3, 3", 5, 5" UL (3,3',5.5 - Tetramethylbenzidine); BHQT, B2 1
(Black hole quencher 1); L-Cys, L-*t%2 (L-Cysteine)
2.2 ETFHPHMOEWKN
T, W T O3 TR AR Y LT 3R A I S (4 AT AT PEEAT T FSE . AnIET 2A PR, &S A a1
TEARIRET DO AR SR X 02t TR TR IR K I 458, FAM 5 BHQT mRigleK . FEARIMZL
RAFLEMS , MELLR B30 TAEPREHE L G- TS 15 HA5 & ke 1 I L0 /G- DU BE A 51, 7Ot
TR 5 Z R Z IR BE B B K, RBE& A FRET, FAM 5OGIKE , 9O IREERSIZs 41y 4.1 /5. AT
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BUEM LI 2R 5 HP Z B RS A W56 HP 1S 202 OGS AT 0 0. anisl 2B iR, 1)
ML Z (4 pmol/L) AR M EEAY HP(0.1, 0.2, 0.3 F1 0.4 wmol/L) Ji , Ifil £T 2 A4 W il 145 - 5 HP
WRE S IEAROCG . b B W EE R 21 3 A B U T 394 nm, 5 HP JE R & W) J5 WUE 208 &
402 nm, I HL7E 418 nm HBLAEM 5, UEIH M1 2K 5 & Je - HP Z RIS &4 THI AR .

A 200 B 0.04
. (.4 pmol/L
—— HP+hemin —0.3 pmol/L.
150 ——HP 0.03 —0.2 pmol/L
zZ —0.1 pmol/L
> —0
‘7 100 F i
§ < 0,02 Isobestic point
=
50 /
P 0.01
0
1 1 000 1 1 1
500 550 600 650 300 350 400 450 500

A/nm A/mm

K2 (A)REINIMLLR PO EIE IR (B) MLLLREW P IA HP BREFRT S A5 40- AT WO GiE € (HP
WM 0.1, 0.2, 0.3, 0.4 pmol/L)

Fig.2  (A) Fluorescence spectra for detection of hemin; (B) UV-Vis absorption spectra of hemin before and after
addition of different concentrations of HP (0.1, 0.2, 0.3 and 0.4 pmol/L)

R T AT N LB AN (R S SR HP R G AR AT T 40T, PPIX 2 I Y
TN T, (I 2T 2 R AT Y B S M LT B A YA BRI . L-Ser, L-Glu il
L-Cys /& 3 PG i A B i 22 608 . AR I 21 2RV B2 A 400 nmol/L , X HEZH v B I i T Il 21 3%, 3
45 pmol/L. WNE 3A 7w, LT AR R 5O EoR Em T4 A FXT R4, L . PPIX. L-Ser,
L-Glu Fl L-Cys 1K R (5600 525 (15O B /Y FU(E 53 38 279 1.53 0 1.12, 1.28 il 1.22, KB
FiE G By & It it il 21 2 A RGR NS5 G Re 1 xR M LT ZY R Z GAEH 5. 7o, s s &
PPIX R R ZNMF 5 T Z MR R DOGE T, X JE T PPIX HA NMREs 4, Bl 55 G kit
FREEEM L (AR AR, A SRR AP CoR B IG 5 T23 (A2, T REJE: th TR 5 A R 2 ] ) g e
W5 | e e 2540 e 1 AR | BE S (LA 5 22 AR 22 (R A I B 3 K, DO AR 558 . N T 25 887 ik 1) ik
Btk MR AR AR R (Mix) h Y IZE R BEAT T 5081 (181 3B) . S5 %M, B4R R b i i 2L R AR HAT
AR A2 MR R, SRR R A7 A AS B R I 2T 2R ARG

A B

200 F 200 F
=3 =
< <
> 150} } 150 F
g g
E =
: 100 } LT].‘ 100 F

50 . 50 . : . -
Blank Hemin PPIX L-Ser L-Glu L-Cys Blank Mix Hemin Mix+Hemin

&3 (A)HP X ILLLZE R T RS (PPIX . L-Ser. L-Glu Fll L-Cys) BIZEGMARE ; (B)IR-ES A ZR (Mix)
FP ML 28 A28 (Mix 4 PPIX . L-Ser. L-Glu #1 L-Cys FIR-E4) , He 1 400 nmol/L)

Fig.3  (A) Fluorescence responses of hemin and negative controls (PPIX, L-Ser, L-Glu and L-Cys); (B) Fluorescence
responses of Mix, hemin as well as hemin in Mix. Mix contains PPIX, L-Ser, L-Glu, and L-Cys, each at 400 nmol/L
PPIX: JEHMWKIX (Protoporphyrin IX); L-Ser: L-22%AR(L-Serine): L-Glu: L-A%R(L-Glutamic acid)
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LFL T ARTTEXS MLLE B R TERE . |18 4A W] L [ HP H I A 0.2 nmol/L 2L 1A R 15¢
6 R B 2T F IR R K, S R SRR, RO SRR | JE e, hIE 4B Al
W, , 12T 28 e BE7E 20~400 nmol/L YN, SR RIOCAF 5 HA RIFMLIEXR &N y=0.109x+
139.309 (y MR R TOGIIE , x M IMLT R (nmol/L) , I REL R*=0.954) o X (B BE LRI P 0~2 nmol/LL
MLLZ P EM W AT T /08T, 45 522 B, 7E 0.5~2 nmol/L #e B Y8 Fl N, 75 7 vt BLAT B iy v 56
F MM y=21.100x+52.708 (R*=0.978) (1€ 4C) , K HiBR (30) M 283 pmol/L. 183K 10%I0L7% HHY
ML T AT LML 1. 55 iR ZAE L, BB I VA T I 21 28 e DU A5 W A 3 g
(R 58 J3E B I 2T 28R B 1 A AR BAORAR 5 i 2T ARk FE 4351k 20 100 1 200 nmol/L B, Jiids el
R 101.7% . 105.5%711 95.4%.,

WA T 5 e M AT 2R RN ik AT LA 25 SR LR 1 ST M T 2 XGRS KL 11
TPl R A “tum-off” I, 252 B BN ZE T, AT IELL “turn-on” ARG

A 200 B 200 C
:; 400 nmol/L :szz a4 :; :; 100 | N /}
5150 o, 2180 z R=0.978 P
z 2 sobs =y Z SO _®
% 100 ocﬁiggi(:%oo % 160 % ///
.‘-‘::: 50 .§ ~§ /y
i) 140} O
e 23 A~ P

0 s

L i — 120 L L L L L 40
500 550 600 650 0 100 200 300 400 00 05 10 15 20
Anm G,/ (@moOl/L) C o,/ (@mO/L)

B4 (A)RMATERIA R IMLIZ (0, 0.2, 2, 20, 100, 200, 300, 400 nmol/L)HHFEE
AR SO RS M AT B Z [ SE R MM A (B) Rk VT (20~400 nmol/L) 11 (C) Ik & Vsl
(0.5~2 nmol/L) ML£T 2 X [H] A £ P56 % il 26

Fig4 (A) Fluorescence spectra for detection of different concentrations of hemin by this method; Linear

relationship in (B) high concentration (20-400 nmol/L) and (C) low concentration (0.5-2 nmol/L) range of hemin

1 A[FMETZAGIN 7 2 P RE UL
Table 1  Comparison of performance of reported methods with this method for detection of hemin

LML Gtk R

oalpIReS ARG . L . B SE0k
. Linear range/ Limit of detection/
Method Materials and reagents Mode Ref.
(nmol/L) (nmol/L)
W61 Fluorescence g-C3N, 992K - g-C3Ny nanosheets 500~25000 150 Off [12]
B Fluorescence ik BF 15 Carbon quantum dots 500~10000 250 Off [16]
GV . R
PN Fluorescence MR TSR 1~25 0.43 Off [17]

Au nanoclusters and artesunate

& GAZIR . JFn IX
)% Fluorescence E-ric:ZﬁT\IA Jil dl\zi(’lx 50~2250 36 Off [44]

W GEIR. UHIEORR . AR
FEHHE T e = 1~100 0.88 0 18
eIk Fluorescence G-rich DNA, TMB and H,0, " [18]

B GHMR. ABTS, % L4

1% Colorimetri 1~120 0.637 0 13
M Colorimetic G-rich DNA, ABTS and H,0, " [13]
2L Ny 35% b\ £21 ‘+|»\ .‘JA/:A =
1434%75?7‘6{215 & I e E*?ﬁ FuE=¥ive 1100 037 on [14]
Chemiluminescence Artesunate , luminol and H,0,
s W GAZIR . FREb A=
243 Electrochemical = 1~150 0.64 0 15
FBHFIL Electrochemica G-rich DNA and COO-GR ! 1]
61 Fluorescence W G K% G-rich DNA 0.5~2; 20~400 0.283 On Ztijﬂjg‘
This work

H(Note): g-C3N, nanosheets: g-C3N4UK A (Graphitic carbon nitride nanosheets); ABTS: 2,2-¢%(-—(3-Z 3R I-MEME-6-TFR ) (2,2'-Azinobis
(3-ethylbenzothiozoline )-6-sulfonic acid); COO-GR: #RILAbAr B4 (Carboxylated graphene) o
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E5, T HEIELF . JET DNA #AFIRIFOEIT |l THRAFI N R 50T 55 G iR IR
a54 RN R A Se P AU RN, 78— R EE LR T ROk, OF HARE S seff S i my I, 53¢
ik [ 18 JHRAE Y 3L T DN Azyme fEALI N A9 H M EL , AR Dy ARG VI B T 58 . REUE T . SHEK
MM Z A skt ko A A7 sk P B AR D7 i B BT L R P 7
PELFI A
2.3 ETHPHMAEABKEN

2T 3 A S — o S VR DU SR AR 1, A @I 5 AN AN B 20 i, B4 W AR 0 15 — A I 21 R 4l

o R TSR ITIERT B AT ZE 0 ER (S HEA TR DU A R PV T, SR A HP SRA X B 12T R ) 1l 21 8 R
AEMLLEN BSA . Lys A1 PD-L1 ZE47 TGN . 4nEl 5 s, 2 L2108 (AR 2R 0 2 0 i B 2 &
Fas AR ML Z HXHIRE (4, MLTE 1 . BSA | Lys £ PD-L1 R R A5 630 1 525 4 56t
FEMILLAE 530 0 2.94 . 1.06. 0.84. 1.19; Lys KRR MZOEIR LT 25 (A4, X2 T Lys B HLS R
10.5~11.0, FE P PEGE v bl A7 IEFRLAT , T 550 SR far (1) HP 85T R AE R ZS &, i — 2D T LA S
TR Z A RE RS SR KRR . ML S, BSA A1 PD-L1 e Rl A4 4648 F 5 rp e sl i £ ey
far , BRI HP PRET D CRI MR/ N DL 2SRRI | LA HP SRR ET | T SE X5 1l 21 28 A0 25 (Y
BRI HAT B R R

150

120

90

FL Intensity/a.u.

60

30
Blank Hb BSA Lys PD-L1

F5 H%4FHPXHILTEA (Hb) . 4 ME FAEA (BSA) . W HERE(Lys) FIRLTEPET 25 FIBCHA 1(PD-LI) BA6:0)
Fig.5 Fluorescence intensity of probe HP for detection of hemoglobin (Hb), bovine serum albumin (BSA),
lysozyme (Lys) and programmed death protein 1 ligand 1 (PD-L1)

h T RGEARTTEE AR T L1 8 Y 52504, >R HP 2R %] 0~400 nmol/L 3 Fil N Y 1l 2125 1
AR, Al 6A BN BEAE 12188 R BE RS R IR R A9 G0 B g oK, S 0 W) i AR vk
P(E 6A A ) 5 7E 20~400 nmol/L ¥ B Bl N 2 LR AP R G &R, etk T 18  y=0.135x+88.381
(R*=0.988) (K1 6B) . A T AT I RELE , % 0~2 nmol/L ¥ FBE L I A4 Hb HEAT 208 (&1 6C) , 45
FW L, FE0.5~2 nmol /LREVEH N AT E W2 LR, L HENy=17.639x+50.884
(R*=0.992) , K PR (30) A 109 pmol/L. 555 L £T 28 BREINA Lb , A5 36560 .27 25 5 ARG H BRI , 3 2
T ML EASA 4 A ML R, B A 1AL 25 S G-TUBE AR, th it 38Uk R 96 E
FAAL, TR R T 4T 1 R . S T RIRIR I G 5530 L 21 3 0T i M b ATy
0T SR FH 2 11t X 0 21 AT /K A, T A T L P 3 P B B At PR BE AR, “turn-on” A5
LA B 5 5
2.4 ETFDNAzymesy L-FptEEZRIFE M

I SN B EE T R T HP 38419 G-DUSEIA/ 14T 2 DNAzyme A E ALY BTGP . D R BRI
Je ik AR A S ki B AR A 0 S A 5S4 , M A DNAzyme LS | AR BUHE (31970 , 22 50- 7T DL
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WEAE T 652 nmo DA 1455 5 SCHR[ 4-5 1B A5 R —30, RIWIEE T HP (1) DNAzyme BAJ50d A ALY i
TR ARSI FMR LAY L-Cys , RS 318 0, 3.6, 7.2, 14.4., 36, 144, 288 wmol/L, A] WLEZF|
L-Cys MR BEEAIR (<36 wmol/L ) If , 1A FH TR I 2320 M A8 S W £, X 652 nm A AR SO i B2 eI s >4
L-Cys YRR (> 144 pwmol/L) BF VAR A To (8, Xy (o I el 58 4 2 (L 7A F7B) o Jnl&l 7€ o, 78
3.6~36 pmol/L ¥ FE T Y , AT i HA RAFRILEIESE R R R y=—0.004x+0.331 (R’=0.994 ) , K H i
(30) 49 3.6 pmol/L,, SHFEACELAKEE M T LM RBUEHIE . Ah, B Gly, L-Glu, L-Ser, M

C 90

1
3 R*=0.988 3 R*=0.992

oo}
—
o))
=

>
i
O
(=4

(o]
(=)

4
8

—E
&
=

FL Intensity/a.u.

,_.
N
S

FL Intensity/a.u
0
S

FL Intensity/a.u

100

~
(=)

sol=
0 100 200 300 400
Cpy/(nmol/L)

50

(o)
(=]

100}

FL Intensity/a.u.

W
o

L L 80 i 1 L L i M " " M
500 550 600 650 100 200 300 400 0.0 05 1.0 15 20
A/nm C,,/(mmol/L) C,,/(mmol/L)

=]

K6 (A)RMAIFERIAFEMEEE Hb(0, 2. 20, 100, 200, 300. 400 nmol/L)RFITE , ik
BENCHREE S Hb WREEZMIBICE; (B) B Mk EE (20~400 nmol/L) F1 (C) K B (0.109~2 nmol/L) 76 [Fl A Hb
WPE 595 BE ] I 2k 56 A 2k

Fig.6  (A) Fluorescence spectra for detection of different concentrations of Hb by this method, inset shows the
change trend of fluorescence intensity with Hb concentrations; Linear relationship curves in the (B) high

concentration (20400 nmol/L) and (C) low concentration (0.109-2 nmol/L) range of Hb

A
B i
0.3 R=0.994
"13 0.2
288 umol/L
@ 02 E 02F
< g 0.1
~ 0 10 20 30 40
0.1 0.1} CL-Cys/(u‘mOl/L)
0.0 F -
0.0 L 1 1 1 1
500 600 700 800 0 100 200 300
A/mm CL_Cys/(pmol/L)
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Fig.7 (A) Color and (B) absorption spectra of G-quadruplex/hemin DNAzyme with different concentrations of L-Cys
(the concentration of L-Cys in Fig. 7A increases from left to right); (C) Relationship between L-Cys concentration and
absorbance at 652 nm (4gs; ) (the inset shows the linear relationship in the range of 3.6-36 pwmol/L)
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A New Multifunctional Biosensor Based on a Hairpin Oligonucleotide
Probe and G-Quadruplex/Hemin DNAzyme

WANG Lei, SONG Ji-Xiang, LIU Xing-Feng, HUANG Yan-Qin, FAN Qu-Li
(Institute of Advanced Materials, Jiangsu Key Laboratory for Biosensors, State Key Laboratory for Organic

Electronics and Information Displays, Nanjing University of Posts & Telecommunications, Nanjing 210023,
China)

Abstract A new multifunctional fluorescent "turn-on" biosensor was constructed based on a guanine-rich
hairpin probe and G-quadruplex/hemin DNAzyme. The probe was labeled with quencher and fluorescein at 5" and
3’ terminus, respectively. In the absence of the target, the probe form hairpin structure and the fluorescence of the
fluorescein was quenched by the quencher. However, in the presence of the target, the hairpin structure
transformed to G-quadruplex and the fluorescence was recovered. By monitoring the fluorescence of the probe
before and after combining with the target, both hemin and hemoglobin were detected rapidly and conveniently with
high sensitivity. The limit of detection for hemin and hemoglobin were estimated to be 283 pmol/L and 109 pmol/L,
respectively. The specific interaction between the DNA probe and hemin were investigated via absorption and
fluorescence spectra. Furthermore, L-cysteine was detected with naked eyes based on the peroxidase-like activity
of the new G-quadruplex/hemin DNAzyme. The limit of detection for L-cysteine was estimated to be 3.6 pwmol/L,
which was lower than the normal level of intracellular L-cysteine (30200 pmol/L). The method developed here
was rapid, simple and sensitive for detection of hemin, hemoglobin and L-cysteine, demonstrating great potential in
bioanalysis, drug screening, and disease diagnosis.
Keywords G-Quadruplex; DNAzyme; Hemin; Hemoglobin; Biosensor
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