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BEPR G 2R 1 P SO AR IS L PhT AR R
ik 24 pmol/L, A. Ravikumar 21121 D) SYBER Green
LA FOBE 5 VR S 9O fE 5, seit 1T — Fh B T
DNAzyme [ Pb*" 4= ¥ f S 4%, 3 Pb™ £ i R 4
5 nmol/L! iRy BRI Ph™ HAT B i 1 45
S A R R {H e BUAS B S O RA BRI T
FHYEH

DIz Ah e Sk SR 5 09 A= ) otk A ek —
Fhag e, IR R I REA B, X. Z. Huo %Ml
FH IR SR A A0 R R DR 2R A S T, ey il 45 1 e i
T R(G-CQDs) , A] I TR IT ARG AE W& gy, P.
Xiao 451 (ff FH M AT 28 Jz R SR B e it 1 o5, HF R
T HL S R BUR G T R AR
7, OG- il B 37 A ik i RO A W%
SRS S AT T8 i WA I 45T A ST LA
HIAIA R A R, SR K #R3El #5 G-CQDs, 4 22 ]
TR A ERAE H P> B9 AE Y A ks , R IR —
GO GBS T B A -] WO T | %
Tt F B G-CQDs W25 ¥4 Rl e 't & 5 14 g it
TT93 07 ARAL DA W A% 25 1 52 96 25 A7, I 0 L
RrMPEBEHEAT 3BT, LU by P B v 2464 7 i it B 5
g o 7o A STRAVI ) ol R

1 bPR

1.1 EFEMMEIRH

HER R R AP Y BEER (MBs, BLAEN 1 pm) |
SR AE B2 T AR FRA A 5 141 % (Hemin) |
BB A YR A IR E BRI (43 By
ali) R & ARG AL T B Al Ph™ bR v i
(R R 0.1 ¢/L) , 15 BAL =B ARG RA
Al DNA JP (5 FHI 3% 1) A TAY TR (L
V) BN A7 PRl 5 B IR % vh VA T (PBS 2B 0PI
4-F2 VR 2 R (HEPES 28 M) , i D05 4
FEE YR A FR N W 5 Tris-EDTA 2% whifk ( TE 2% o
W), R B2 H e R A BRAF ; Ph™ (Ag"  Zn®" |
Cd* | Cu™ Fl Hg™ RS, ) M A Ry B2 25 BHECA B
OS] A V2 KON R T AR A PR
IR % PO 15 Y i AL (E R 1R &
Pb*")  PHLRH R IRAE

1.2 FENEEIEHE

TU-1950 %148 5k — 0] UL 3643 Y6 6 B (UV-Vis)
T, AE R0 Bl FH A 28 A BR 52 4T 7 5 Duetta 81550
AL (AFS) I8 37 (h ) 52 5 A R W) 5 Applied
Photophysics Chirascan V100 %[5 — {4 %% (CD) 1L,
W [ B DG BN 7] FET Tecnai G2 F20 R i& 5T,
T WM (TEM) |, 56 [ FEI 23] 5101 8 e #iiE R &
T R 46, 75 5 W0 B0 15 B A7 FR S 75 Agilent
7850 T F JERAM 15 55 B AR - IS (1CP-MS) ), &4
Rt () A BR 2 Rl MARS 6 L B0 TH 1%
(MDS) 1%, 2 [E CEM /A F]; BHW -09C BUEEFR{Y, I
M HLE A F R BR A

A1 314575

Table 1  Primer sequences

P J¥ 51

5'-GCAGTCTCTGAAGTAGC-
GCCGCCGTATAGTGATGAC-3’

Biontin-5'-GTCATCACTATrAG-
GAAGAGACTGATGTTGA-3'

e 5'-CCACCCATAGACTTCAACATCAGTCTA-
TAAGTATGGGTGGGTGGGTGGGT-3’

E A R DR IR RN A5

Pb-enzyme

Pb-substrate

1.3 EWAH*
1.3.1 Pb-MBs #1 G-CQDs #l1& Pb-MBs il & . ¥
—ER M DNA JFFEMAE 300 L TE 28 MK ( Tris-
HCI ¥ 10 mmol/L, EDTA ¥ 1 mmol/L, pH {f
78.0)H, fff DNA ¥& & 100 wmol/L, F 90 °C 7k
W AREER 15 min 5 B EZFE K 1 mL MBs #
T2 mL PBS Z% M ( NaCl ¥ 0. 137 mol/L, KCI
WHE 0.002 7 mol/L, Na,HPO, ¥ 0.01 mol/L,
KH,PO, ¥ 0.001 8 mol/L) i 3 h, JHZEMK
PRI 3 WU URE 1 mL MBs I8 ; TEIESMET M)
MBs W FFHIA 10 wL Pb-substrate ( 100 pmol/L) ¥
W, FE KPR % IR A 30 min, FAIA 10 L Pb-
enzyme A9 (100 pmol/L) , ¥ K% % 1R & 30 min,
#1145 Pb-MBs,

G-CQDs il 28+ F— 7 5 1 I 5 5 26 Al 12 Ve
T 220 °C L PE RSO TERFE T8 3 h A S
100 Hffi ; 10 0. 5 g #iAGHh E A AR T 25 mL 28T
K 30 min, T 200 °C % PUIR 20 5
ZHinH 12 h 5,20 0.22 pm JERE I E B TS 08
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WET 4 COKF T IRAE, & H .

1.3.2 &MAERLE GRS R
FHMAK e T4, BT 60 CHLA TR P
1100 A, FRELO.5 g HAEK R E TRIUR S
WS AREETR A 7 mL HNO, (B it 7040k 68% ) ¥4
WM, B AR R MR T MDS X, ik
BN RAEE A5 min THEE 120 C, 44
2 min;4 min FHEZE 150 C,££%F 3 min;6 min FH&
£ 190 C,P-%F 25 min, WM TG, HRE
1 mL, F A AKER S 25 mL, %1,

1.3.3 WHEYEBREBRITFEE AR
Ph> GG YA s AR LA 1, W& 1 R,
P 8 2 i1 Bz 1 45 B9 G-CQDs 5 Hemin 454 Al & 1
Hemin/G-CQDs &), o G-CQDs 1256 7] LUk
Hemin K, A= ¥ R &M 1) Pb-substrate i i3 3 1
REYFE M EAE ] SR R MR U REER S &
5 Pb-enzyme BC X, JE W Pb-MBs, 7E Phb* 17 AE 1
TEBLT, Pb-MBs R3] Pb™ J5 #4175 Pb-enzyme H{H L
T, 2L Pb-substrate 1R — B HUBE DNA
ZHEE DNA 5 RIARET A G5 , SR e B 450, i
B S EN (G) B A% T R T 5B R G - U
KU G- EE R —4 5 Hemin/G-CQDs & A4
[ Hemin £545 7K G-CQDs # Hemin %K T,
1.3.4 OLAEYERBAENERE S50 uL 03
JE B4 B AERE B (20 mg/mL) 55 50 pL Pbh-MBs IR
4,76 50 wL HEPES 2% i (10 mmol/L) H %8 I8 0%
B 30 min, B IRV EEEITREALECE 10 min J5, B
50 pL IS WRE TR0 T, A S pL &I HE

Pb-enzyme

Pb-substrate -1 3
©  MBs Hemin® e min/G-CQDs
o G Bt »
Pb S ﬁ 9
Pb-MBs é) 3

RIS
N B Y v

A1 ReEDEREZTRER
Fig. 1 The design principle diagram of

fluorescence biosensor

(100 wmol/L) ¥, T 25 C &M FHE 30 min, il
A 100 L G-CQDs % (7% 60 wmol/L Hemin) , F
JIA 345 L PBS 22 v, ELBNR G W 1 e AR R
iKF) 500 WL, S 30 min Ji&, 10 5% Hemin/G-CQDs
HIDETCHRE
1.3.5 G-CQDs ESRARFE/GERAE R CD X
AT G-CQDs 1Y O 2% FE %, R 4238 B o 230 ~
320 nm; | TEM ML G-CQDs 1) 558 FkL 42 43
i, TAEH R 200 kV; 2R A UV-Vis £l G-CQDs
FEAS TR 4 R /Y W i O %, SR 4R [ D 200 ~
500 nm ;K AFS {3 G-CQDs 1786 & G,
PR KA 370~680 nm,
1.3.6 REHEYEBRBIEFMEMML XA
Hemin/G-CQDs J& #9 2 i B [A] (10 min, 20 min,
30 min 40 min .50 min) W i E (20 C .25 C .
30 °C \35 C .40 C) K" ¥ & (5 mmol/L, 10 mmol/
L .15 mmol/L .20 mmol/L .25 mmol/L) 1%z sk pH
{H(5.5.6.0.6.5.7.0.7.5) #4744k, AbH—2%
PRy, ot S5 RS B B 2. il 25
DL A BB E RN,
1.3.7 WRHREYEBRBEFEEMRAYENE &
PEPEIE B 50 pL &4 4 wg/mL Pb* Ag" Zn®* |
Cd* .Cu™ Fl Hg™ 19 6 P i S W, 43 511 5 50 pl
Pb-MBs 1B 4&, AP ER IR 1. 3. 4,

FE I E . B 50 pL & AN [A] R OEE (0 ~
5 pg/mL) Pb™ L FA R 5 50 pl Pb-MBs 1 &,
HALERN 1.3. 4,
1.3.8 BORAEYMERBERENR  DIZERAKH
25 X IE, 50 A AR AL B PhT IS Y 1 A AR AE R 5K
A it , R FH A SI2 50 44 2 1) 5 S A 0 A I A ) 512
BrAf i i) P> B VR, IR 3 ICP-MS L5 UE
RPN YL AR U
1.4 HiEsE

R E ST 3 L, AR AR AR
EBRSEHE A, 2RO, SR Origin 2018 {4
SRR I K

2 PRS0

2.1 TW{THES
B 2 ASTRIRE SIS TR CD IRIF AFS B, H K



FHE,FURETFAANRAE T W EMERBMEREA SR P> I oF 89 5 A =75

2a) O], 24 P AETERT, 7 264 nm A1 244 nm b
G35 B — A TE W R — A f 0 X R WIAE P +
Pb-MBs+ & J¢ £ 4t + Hemin/G-CQDs 14 % i £ 75 F-
17 G-PUBESR & 2b) AT, Ph* +Pb-MBs+ %
Je & + Hemin/ G-CQDs 1K 2 1) 5¢ S 5% B IH & = T
TANBARFR . XIEH Y PhY AETER, 7E & Je B
EFROEE BT, fREfE 7 A G- DUBEIR, i G- DUBE(R S
Hemin 454 )5 , G-CQDs FUZE A3 LIVK &

K3 24 G-CQDs St g MBS R AL, A
3a) AJHI, G-CQDs BRI H 434 1947 G-CQDs Y
PIPRiAR N 2. 41 nm, NOF A0 7E 1~5 nm Z [H] . &
3b) AT, 7E 269 nm &b H BT B W 1A R
C=C #H m—a BRI, 5563 b & B,
G-CQDs KIAEWAE H N BIR B, 7F 365 nm 454h
WORMRK T R, W& 3c) AT iR K
M 300 nm 34K E 420 nm B, AFS (ST E G
BEARG , H S 30% K 350 nm I, AFS FRI (%5 .
W % B, Hemin A DL 33 w—m B HE FLLE
G-CQDs Ffl, il G-CQDs YZENEHEXK ,, MK 3d) 1]
1, G-CQDs [%¢ 658 FE i Hemin ¥ (0~60 pmol/
L) B3 hm REAR, H. =% 2 RAF LA DG (R =
0.990 9) . *4 Hemin ¥ & KT 60 wmol/L I, i i}
LEVEVE R, Hemin ¥R 5 G-CQDs 9 658 i 1) [ A%
RG], 500 5 B2 52560 G-CQDs 7 658 B 1 & 1)
HE, I, % 60 pmol/L 1F 4 Hemin HY T.
YEWRE

107—— pb2*+Pb-MBs+% J& 541 +Hemin/G-CQDs
— Pb*-MBs+& F#4H+Hemin/G-CQDs

2l

=

E
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o
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5 of
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'_5 1 L ]
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a)CDE

2.2 ELWEHRUERIW

Pl 4 Sy o 5l A W A% R A SE 30 SR PR AR 45 R
1l da) P A% IR 10 5 S8 S5 i 2 7 IS [ 71 4B
KM 55, B2 30 min B8 T 2%, 248 il G-
quadruplex 70435 Hemin 25 &, %862 b #a T 52
JE , RHE $E 30 min AE 5 By I [H] 583 5 bl I
4b) AT AT IR Y S R B BE A R B B T
RIeT i Jn B R S R i D 25 C I,
YNGR B e ey, 31X 0] g S N R #K e I R L B 4%
P G- DU BE (A Hemin & & 90 1936 1, P 00 6
25 CAE Ry I I ik B2 953 L 5 PR L 4e) R d) AT R,
R I i B2 Bl KV B2 A pHL AL A 725 Akt 34
5 57 0 AR — 3, PRI L R KV R pHL (E
43524 10 mmol/L A1 6.5,
2.3 EEUMREESHT

B 5 Ao A ML A R AR R 4 5 1 R
PEROMZS IR . i 5 T, 5 HAD G 8 B A 1L 1%
YA WG EARNT Ph™ (I EFbE T & . &1 6 KR
AV BE P X9 A W) e B 5 B )5
Il 6 AT, 20 A A% s 1 A BE Bl
Ph** JJ i ik B A3 i 5%, 7€ 0. 1~5. 0 pg/mL 3
FIN, 52 RAFAIZPE R R 5 0.998 0, i il
FR} 0.063 9 peg/mL, 45 &3k 2 Ak 5 % H
Ph> Ky I 5 32 1) LA 2 SR m] R, 5 At % P K
D J5 25 A L, 1% 96 06 A W A% &A% X Ph™ 9 R L
R

B0 pb-MBs+ & Je 4+ Hemin/G-CQDs
—— Pb**+Pb-MBs+Hemin/G-CQDs
——— Pb**+Pb-MBs+%k e 4+Hemin/G-CQDs
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E
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Fig. 2  Circular dichroism spectra and fluorescence emission spectra of different sample solutions
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Fig. 3 Characterization of the morphology and optical properties of G-CQDs

2.4 EWESHT

% 3 AT YL AR I ICP-MS 75 X SE Bkt
AR BRI R . 3R 3 A DO LA YR R 1 A
D{ELS ICP-MS SE AR LB, R WP E Pl
JEAR HERRTE RAF & T ARAE D PO BRI, 5
ICP-MS JEAR L, A SCRY 96 A W) 1l g (2R
TR BT R A HAT O R

3 Z5ig

AR SC LA 2 Al Kz S TRk, SR K B i ol 6l
FRU(G-CQDs) IS HIATRAE ST, BT Pb™ AEHF
5P DNA (Pb-enzyme ) K2 G-PU%5E/A S Hemin £
4-fff Hemin/G-CQDs 2GR 1 J5E 3, A4 £t — e Ul
SARAET PO 56 UG B A LS50 2 4

FEXILRAMPEREHAT 0T 25RO IR
AYIE B SL0 25 4 A Hemin W& 60 wg/mlL . S i B[]
30 min SR 25 C K ¥ EE 10 mmol/L 1 pH {4
6.5, TEMARNE T, DO CE WG s B RAT ek
MR, LW E R 0.1~5.0 pg/mL, R* K
0.998 0, Kt FR 4 0.063 9 pe/mL, 754 52 b5 2 b 22
SR, HLABRAE S AT R E T 96 MR IR 1)
i

SALGERIN T A H, AR SCR R e A 1L
RS SRR ERE RS SR TN 220 S N B e L e X (e ]
BRI FEAARAE PH™ A A A 45 A B AT AR 1Y
A= W) SRR T & T2 R — 2 14 1 M, A R
R ARAG T W BT 5 A R B AR R OB 3 T
PEHE R 28 72l R S R R
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Fig. 4 Optimization results of experimental conditions for fluorescent biosensors
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A2 AXGELERPHY ARG R ILERLER

Table 2 The comparison results of the method in this

paper with commonly used Pb** detection methods

TS A=A
(pg'mL™)  (pg-mlL™)
HLEUE 2 ROGIE 20.72~2 072.00  0.009 1 [20]
[FRLRES 2.72~16.52 0.2217 [21]
DS nES 0.1~5.0 0.063 9 AL
K3 R AMERE S ICP-MS &3t

F R A 0 Ha ] 25 R

Table 3 Measurement results of actual samples using

fluorescent biosensors and ICP-MS method

. WYL ICP-MS
KE/ (g mL™") AT/ (ug-mL™")
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The construction of biosensor with carbon quantum dots as fluorescence signal

and its application in detecting Pb** in honeysuckle

LI Haojia' ,HE Shihua',CAO Yize',GUO Xiyu',ZHU Youyu',ZHAO Weiqin'* ,HUANG Chun'
1. School of Chemistry and Chemical Engineering ,Xi'an University of Science and Technology ,Xi'an 710054, China ;
2. Key Laboratory of Coal Resources Exploration and Comprehensive Utilization , Ministry of Land
and Resources ,Xi'an 710054 , China

Abstract; Carbon quantum dots ( G-CQDs) were prepared by hydrothermal method using grapefruit peel and
fluorescence biosensor for Pb** detection was constructed in honeysuckle. The morphology, structure and optical
properties of G-CODs were characterized by circular dichroism spectroscopy, transmission electron microscopy,
ultraviolet-visible absorption spectroscopy and fluorescence spectroscopy. The experimental conditions of the
fluorescent biosensor were optimized and its detection performance was analyzed. The results showed that the
G-CQDs were spherical and uniformly distributed. The average particle size was 2. 41 nm, and the optimal
excitation wavelength was 350 nm. The suitable experimental conditions for the fluorescence biosensor were as
follows: Hemin concentration of 60 pmol/L, reaction time of 30 min, reaction temperature of 25 C, K*
concentration of 10 mmol/L and pH value of 6. 5. Compared with other metal ions (Ag", Zn*", Cd**, Cu®* and
Hg”*) , the fluorescence biosensor had higher selectivity for Pb** , and its fluorescence intensity increased with the
increase of Pb*" mass concentration. In the linear range of 0. 1~5.0 pg/mL, the linear relationship between the
two was good, R* was 0.998 0, and the detection limit was 0. 063 9 pg/mL. Compared with the conventional
method ( ICP-MS method ), the fluorescence biosensor had good accuracy, and had the advantages of green
environmental protection, economical and effective, simple operation and so on.
Key words : fluorescent biosensor;carbon quantum dot; DNAzyme ; G-quadruplex ; honeysuckle ; Ph**
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