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Abstract: Recently, the fluorescence biosensor based on carbon dots (CDs) and aptamer is more

and more attractive. Comparing with traditional fluorescence materials like fluorescence dye, semi-

conductor quantum dots and rare earth phosphors,

CDs have attracted considerable attention in the

field of fluorescence biosensor due to their excellent photoluminescence, low toxicity and low-cost

prepare process. The fluorescence biosensor based on CDs and aptamer has extensive application

prospect in the field of environment monitoring, bioimaging and biomedicine. This review will sum-

marize the structural composition, fabrication methods, sensing mechanism and application area of

fluorescence biosensor based on CDs and aptamer.
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Fig.1 (a) (i)Preparation of the RGB PL CDs from three different phenylenediamine isomers. ( ii ) Photographs of m-CDs, o-

CDs, and p-CDs dispersed in ethanol in daylight(left) , and under A =365 nm UV irradiation( right) "**'. (b) Maximum

emission peaks of CDs at different molar ratios of CA to urea and different reaction temperaturesmﬂ . (¢)RTP CPDs for

graphic security and digital information encryption”*’. (d)Synthesis and PL spectra of deep red emissive CPDs, which

has unprecedented narrow FWHM™
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Fig.2  Construction of fluorescence biosensor by labeling method. (a)Construct method of detection system based on AuNPs and CDs-

Apt™?. (b)Schematic illustration of the assay based on the FRET between CDs-Apt and GO for ATP detection™®’. (c)Sche-
matic illustration of a biosensor for fluorescent analysis of ATP and LYS'®). (d)Schematic illustration of a biosensor based on

[™] " (&) Preparation process and PTK 7 detection mechanism of the ratiometric fluorescence

[71]

ACQ for acetamiprid detection

[69]

probe ™. (f)Schematic illustration of the sandwich-based thrombin detection principle using the carbon dots
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Fig.3 Fabrication of fluorescence biosensor by free-labeling method. (a)Schematic illustration of fluorescent hiosensor for acet-

amiprid detection'™. (b) Mechanism of cancer detection by CDs-PEI-AS141117.
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FEAREARGHAT . AR Tk a5 1E e (A 1 A ¢
JCH GRS T BE R BRSO A S AR
B2 B AR VE P S AR R = R SR o7 N o
BRI S PO FT A FRET i
PR T2 A2 A A 380 I Zhou 257

FHIE FCAR DI REAL 1Y CQDs A4 AL A1 545 (GO) X
T —Fh 5T FRET 200 1 2 6 AE W% il 2%, F
T R A S P A DL 28 O L R GO
X} 38 LA R 5 RSO FH DL B CQDs %€ ' 11 5 A
KA, 8 KA GO 5 5B AR S 6k A5 Y
“on-off-on” 2R FE AR Ak, ST T X DL 20k
B A (4 (a)) o
5.2 NIBXAL

PRV AR OB 5 A ) B A7
B, oI 06 R 8 R S 6 G IR
ST T PG IFE i R AR
T HOEA FAZ R Z B L iE E &, (15 FRET
SRR A IFE s B R T 40 4 s A% 8, fit
R BE R 8 R R AE A IS, I, 7€ IFE
R rh RO B DK D T am A I A2 4k
WA IFE 5 FRET #957—A> FE X HITE T7E IFE
AR RE R A S 2 R Z A PR R BRI .
TEAKKLT (AuNPs ) A 4 = 11 6 2 B0 58 R 1
W BB FHAE IFE o B2 A9 SZ AR AL, Qin % LAY
BN JERE, R — oKk kil 4 T A WA
PEN R B A, B T4 40 K KL+ ( AuNPs ) 76
[F] SR A2 RS T X e o 5 A K AR JBE AN [) i) Ji 3L
T 3o 3 FO AR 5 AuNPs B S AAR TS, 7EBR 25 1Y
BeA A 1 — P B 850 T 22 SRS D e
LY QiR R R TRE A oY L. S S AR 2 C LY e €
i, 3 FC AR SR AR 7E AuNPs K1, {115 AuNPs 7E
VSR P OB B SR 3 o BN, AuNPs i
XF CDs ZOCARBIFEK . FHARAEAE T, 38 e 4K
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SAERLERTE S N N AuNPs 26 1 fi 55, 0E 1
{75 AuNPs A5 SRAE M55 Y IR0, ik 2 28O
SBAME (Kl 4(b))
5.3 XBHEETER

JCECR AT RS SRR O CIE R T, B e I
VRG22 [ i B G 0 9  fE PET i %
HR LS RIS A TR AT LU A AR AT
PUEH A2, A G IR B E T L
T NSRS B A DR L, S8 A S
THUE JLRe AR ik AERE, A — AW ETERN
J&,PET i R (1 kA T B 5 32 1k 2 [ A7 A
HEAER, AR B B Bl T . Miao 571
FHFARTT i, M T — P sl 28 6 5 i
PG K B A R, I ELAE & LTI AR AR
CDs 2 [f i 35 5% 4 AL ] W52 6 R0 e W 1 A B 412 1
T RS T PR Y TC AR 0 SRR U R R
M7k YEE MR R CDs/Apt B A 1R #E 1T

(a)

‘O CQDs
(c)
I (-
9 —— ® &
g 0 3 & .
0 O L0 ‘:(2 ) - é’
Caaloe 133 E19my- \k\\\ g e
PET

*, * z;am 1145 £21mv
<9 *
0+ g Tl I N

9 Carbondots %/t CEA-aptamer
PET : photoinduced electron transfer

+ CEA

& 4

B

(d)

21T H ] RS B L B R AR, 5 TR B AR XT CDs
FIZE R KA R B T CBOR A 7% B8 i 72, i
REFFPRIN(E 4(e)) .
5.4 REFSEHERYAN

PENARTER S W BA B = 9 OCR BE  (B 7R
R B A T 960w BE R L B R 4
FRoh BRI KA 2R INN
ACQ E Y = A e THOL s FAEWET = fE
ST TR R 5 HEE AR AR, 5UE
TR BT 0 JE MR & o )5 2 G A1 4 A ELAR
Mo m-m HeZ EHEVERT 5K R0 F e A AR
S IXA AR AR R, R S ACQ BN
FEED A YL SRR 1535 UL, B Guo 45 LLSE
IR TN 45 W I b a di i £ 7 HA Besk
WY A5 W Wi - 55 ( PEI-CDs) , 7 4= #1
pH {EF , PEI-CDs 2 1f1 52 1F H M | 76 B b A FH
5 e T B A AR A e R A

No target With target
o B o oo,
N0 NG N
;‘a?= 9.2 .
08 "R
QO A~ 0 o
AuNPs DNA acetamiprid CDs NaCl

*/
hydrothermal
+ —
180 T, 10n

. @
‘ : &@ Thrombin
! ‘ * " or
& ’ E’? Y AP
- S N
" PEI-CDs >\ Target-binding aptamer ‘ Quenched PEL-CDs
>

BN Y RS BB NI, (a) ZET FRET 0N A I AK FO5ECAEIT ER B & O 5 (b) JET IFE 200 Y e bk
K E R 2K P (o) 24T PET JRFRAE I CEA MR K™ (d)

FEF ACQ B Y 358 1 A AN ATP A5 I J 3R

Fig.4 Sensing mechanism of fluorescent biosensors. (a) Schematic illustration of a fluorescence aptasensor for AK detection

based on FRET™"'. (b) Schematic illustration of acetamiprid detection principle based on the IFE effect of AuNPs on

CDs in presence of aptamer and NaCl'™®!. (¢)Schematic illustration for assaying CEA based on the PET process

[72]

(d) Schematic of the preparation for PEI-CDs and their application for thrombin and ATP detection based on ACQ mecha-

. [49]
nism .
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TEHRR | AR RIS Z )5, 8 Bk
SIREARARR S 1 B B 4 G (145 PEI-CDs BRI,
WIS . TERALSRAE T, DLz AL BbL il #4
Y 9 6 A W A I TT LA ) %o E If il T ATP
SEPE 1.2 nmol/L A1 13 nmol/L #Y 53 SUK I ( &
4(d)).

6 HRTmbELERKYGLLEME
B s 0 S R DI 2 P B 23 6 3 A Py TR
AE ) 58 M T AORAL AR A9 H AR IS HOAN
GO R, B EAH TR S R
IO WAL AR R B T AL T
2 RS A0 i Y R U R SUURS T A
BR  BOR 6 T NSRRI I | A= Py Al L
Kepgm iy y i iR v poks I 5 Be
6.1 KNEEET
BIRE TR ARA D)2, TR R R
S5 A RS 2 A A e RREAS I T 55, ) 14 R A A Ik
FORAFICNEEL, ARG RN I 125 R v SR 5 5
BT R T R R G 2 (X PR
(a)

/ e
_//
MoS, Nanosheet
Hg?
U /
@ - CarbonDots

MAAA -

(e)

5'- SH-(CH,)e-GTTTCTTCTTTGGTTTGATT-3'

Weak fluorescence

375nm )
Os

—

NS\ +

aptamer CDy

Blank Recording

R DN 2 # o E Eh Bt 1) A L S O 2 1 A 0
7, AN BE Tt A2 R M 0 b s R AR IR Y
SRESHT LT A A TR Y 2 A ) A
AT LA FH A T A X 46 Ja8 2 1 R e MR W BEEAE
SEPXT 4 TR B T B9 nmol/L 2% A& . Srinivasan JT
KT —FhHEET MoS, 4K R 3 e 4 F ik s 38 2ok
AR LR 2 T LY A SRS | T TR 0 PR A5 A
HHEY He ™10 o R LA 2 Ny DUk gt — 2B 7K 4
Bl e 7 BATE (SO0 & B BB L B s i 4
AR S E AL & ML T — b i 8 2l
PREF (CDs-Apt) o 15 %5 T MoS, 91K F L 5 1 %
TR KA RE , CDs-Apt B FE MoS, 4K L5 &
it ZF Y FRET R F27 AE 2O K, iR
& He' " M He® 23 Sl Fo A - AR 8 Bl it
FUVER, 2B 3 20 CDs-Apt 5 MoS, 45K /i
B, 307 T FRET 8 72 , ¢ 5 20045 LAB B IK
AL TEAS AT S B 0 ~ 10 nmol/L N Hg”* ) R
AR, WA AR R G M S B T R
YR ES F IR (K 5 (a) ) . ST LI,
TEIE FC AT 42 8 25 0948 S U A rp ) 3
RS E R ad Sl S 5 &R b

(b)

G-quartet

K*

FlS K eJmE T, (o) “HALAILIK A X CDs-Apt USSR IR FIARGIN M R 88 11 5 (b) FEF41 B it 7
55 A BB Z I G S TR B R A A RS 1 5 (o) JRERE K ARG S

Fig.5 Detection of metal ions. (a) Principle for the fluorescence quenching of MoS, nanosheets through their interaction with

CDs-Apt for sensitive detection of mercury (I ) teel

. (b) Schematic illustration of lead ( Il ) detection strategy of

nanosensor based on photoinduced electron transfer between graphene quantum dots and graphene oxide™. () Analysis

principle of detecting trace K* by fluorescence analysis method ! .
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B G-quartet 5458, BN, Qian SEHE T —Fp
BT ERCR T BE 1k A B8 0 1 4 (GQDs-Apt) Al
A BN (GO) DA YR AR T Ph T R
B Sl GQDs 5 GO Z [l RY E RO E
TGRS L BRI X GOQDs 98 6 BB K | i AL %
PH> A, Pb** 25 538 B AR TE B G-quartet-
Ph’* B AL, B 4S GQDs e R, T
27 % il 24 ) A5 T T DASEER X Ph> ARG 4 1
min PR, [7] B2 A 400 nmol/ L (1 4& 1 A il
PEHE K 0.6 nmol/L AHEMLAT IR (&1 5(h)) ., 2
fuﬁgﬂ?!fgﬁﬁ,‘x/ang SE VIR TR =8N R IR R
FRE R AP § 4 T HAT 450 nm %
R ETHY R IB 24 1 (CDyy ) o V& ) 3 B A
55 CDy Z BN AH BLAE 38 3 S brid i i T
KL ROE 612 fE K fEAEm @ ik 5 K*
SIE I G-quartet- K* A&, E 198055 % CD 2%
&SP HIAE |, 38 3 4G 45 A BT S 7R R 2
5 AY AR AL, AT LASEER 0. 008 ~ 0. 27 wmol/L ¥

JEJEFEIN K B A (B 5(c) ) o
6.2 KMNSFUEY
6.2.1 HALIHTF

NG F S IR — bR UL B Ak 2 s ] wy
DABE = SR E 0 mT VB, R e 7 Tt ot B 1
AR Iz N, AHX SR A LN T
TR 5 S e AE W s AR H i P 38 2 T A Bl R
JRAEA AR 18U N2 B A , PRI XS /N33
ST g PR R ORI S AR A R, IR ], Wang
SELAPUIN LR O IR B T WU & i ik b
B 5 B A R B AR I 2 )
TEAAA SBIRIAFTE TR T — MO L5
1B A% I 4% T 5 S MR I 4B 28 — H R T e
(DBP) ™' FESRAESLHG 4F F , DBP Ryt vu
12,5 ~1 500 pg/L, KR 5.0 wg/L, %T7
PO B R b DBP & B A 45 SR 5 M
SR E 45 0T W3 22 5, 7T T & b DBP
ARSI (6 (a) ) .

p=

(b)

) Hydrothermal
= 180°C.16h

—— N\
-
s

& g
s Sk 6%

‘%“ ‘

Grapeleaves  Aptamer C-Ds

400

B 500
Wavelength {nm)

K6 KA/, (a) A FC AR XUR S8 T A B DO L B A% AR A U A R — T R 5 (b) 26
PR AR MTA /R &5 (o) JETF 585 1 1Y vGQDs/ 38 PR 45 B DX I 2 3 /R 35 5 (d) SEF 07k 2 1
rGQDs-Aptamer ) £5 .aptamer-rGQDs /CNT ZHAEFNMAE DX 7R 2 R 5

Fig. 6 Detection of organic small molecule. (a)Detection dibutyl phthalate by fluorescence ratiosensor based on dual-emission

carbon quantum dot labeled aptamers"®’

. (b)Schematic illustration of MTA analysis based on fluorescent apasensor

[67]

(¢)Schematic explanation for fabrication of rGQDs/Aptamer and determination of DX based on approach 11, (d)

Schematic interpretation for preparation of rGQDs-Aptamer, the assemblage of aptamer-rGQDs/CNT and determination of

DX based on approach 2%,

Mo (DX) S —Fle WER Y 25 2590, i PR
MBI FEMAE L SR MO HR R, DX IRYT

EPRBRZE (1 ~2 ng/mL ) fEHREZ ML 2. 8 ng/mL
A P, DRk R0 A YA (il 3 AN R ) v
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DX ¥ B A SE I W45 AR R B 2L . Elmizadeh 48R H]
T ARERIA IR ) £ S50 1 0 (1GQDs ) 43 5l 36 F
JEECHR 7 RS S PN IR R R e AL L iR 1
T WSO G W A B BT S BN A R A
DX e i Hu RAE AR S —Fpool Y fg
JERER I A bR IR A A, R DX AR IS B SS A
TXF rGQDs By ZE I KAE T (PET AL ) > 52 8K
XF DX B REAZIR (6 (c)) o BB R4
e R Ry SR bRk, B ek 2 B
i BT HES] 1GQDs R TH , PR F A AR 98 K 4
(CNTs) i FRET HL#I#E K vGQDs-Apt 175,
DX HIAFFE 2] CNTs 5 rGQDs-Apt 2 [i] ()
2, iR 2 vGQDs-Apt B2EG (K 6(d)), 2
T A R o 2 A Ty R BRI %2 7. 95
10" mol/L,

FEF B 15 1 O ARG B (R DG E AL BRI
AT AR BRI 10038 % M YA A v B iy FHY R 2R
P (MTA ) 75 i ) PRk R BRI , Saberi 55 LA

FRET

(a)
N N LQ
o

AN QN o ®
CDs Aptamer CDs-aptamer Nano-graphite Adenosine
(¢)
Remove H
supernatant
—> Fo
Redissolve i
Turn-onl
MV AptCDs " %
E P o
E‘Fezo4@PPY§ QA F<
®
i@ Adenosine : :
(e) (1) (i)

AR RO BT — R BT B A 5O Kk S A B
A5, TE A 2 A I A FH R AR GE R AE CDs R
I, JE B CDs-Apt & &4, FIH CoOOH 44K 7%t
CDs-Apt BRI 28 68 K AR (FRET) | LA
K MTA X} CDs-Apt 95 5 P 25 & 1F F 58 30X
MTA ¥ 26 b RGN R &,
Kl BR A 1 nmol/L, 3 2545 TS5 [l R 5 ~ 156
nmol/L(E 6 (b)), HigMFFFRM , CoOOH 4K
F5 CDs Z BB 258 0. 76 nm, WEB] T &A=
FRET B4 00 mT RE 1, W) BH A 25 01 FH 4 F 3 J1 2%
BLRIAFSE T MTA S5iE BRI A BAEH
6.2.2 EMIHF

PR (AD) 75 N A BTG 3h o %5 B EEAE
B AT AV O URE S RNl i o, T 2 1
e 88 TR ot 22 326 I3 1 R I, TR s} 8 A B 0
S AR AR B IR B 2R N R R
B, XF AD BASE T MR AT B e AR ) A B fg BRECER
o Wang FUI—IK GRS — &0 =N 5
(b)

$
@~~~ ABA1-CDs * ABA2-QDs@Si0: ‘Pb \
..... Go @ Adenosine {b’ @ §:§| :%f,

s
L 4
\\a‘f I

(d)

carbon dots

% ATP

aptamer strand

help strand —— signal strand = fuel strand

F7 KT, (a) 3T CDs-Apt Hl NG (9 AD fEIEER BRI 5 (b) B AG IER8 %o B 1A TAG DU A AL AR
(¢) FIF Apt-CDs Fil Fe,0,@ PPY NPs Xif i 1 K6 0 7% 255 P . BLREAGIN (1) Rk 4 B8 ali Ak S5 A ( i) ™5 (d) 2T
CDs/ Apt BIZECAEIRERAN ATP JRHLE ) s (&) FT CDs-Apt/NG BYLE YL AN DA /R 25 17

Fig. 7

Detection of biomolecule. (a)Schematic illustration of AD sensor based on CDs-aptamer and NG, (b) Mechanism of

adenosine detection by using aptasensor and GO'*'. (¢)Schematic illustration of assaying adenosine based on Apt-CDs

and Fe,0,@ PPY NPs by direct detection( i) and detection after magnetic separation and purification ( ii )'*'. (d)

Schematic illustration of CDs based signal amplification fluorescence sensor for detection of ATP'®! . (e)Schematic illus-

tration of DA detection strategy of aptamer-CDs/NG biosensor

[85]
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R i — 2K R T B I O R G ik
AT BN R MRS A S B LAY CDs-Apt
AIPEGK AT B S AE R RIIFE & FRET 2 B K
CDs-Apt %), 7E AD fF7ERT CDs-Apt G &
WA, LEAL ST, AD BRI 5 2l 2 ~ 50
nmol/L, K HiFR A 0. 63 nmol/L(E 7(a)) . FH
FRET #LHIALI AD WA IR BB A You 55 F H
PR S ov-a i =Wl 1) 2 A AN & oY, % L
(IRERIZE CdTe T AU NS B2 T —FiXUR G
FLRa e AL IR A8 T AR W AD B A (A
7(b))  BRIE LIS, Zhu 55K FARRRIE B A bRic
(AR s VBN D R NIRRT (CDs-Apt )
P Fe,0,@ polypyrrole ( Fe, 0, @ PPY ) 1 k28 S K
TG EEMRE T —Fh L AD R H AR AT
Yy RABDOCRIN k™ i XHiFES CDs AN
CDs-Apt-AD 28-S WHEA TR 53 25 24k, K I BR mT
M\ 8 nmol/L [EZ 0. 15 nmol/L(E 7(¢)) .

BN TR AT ARSI P itk 55 3 G A A Y
PN REAFA T T ATP 52 E APk |
RIPIFFF R, 54509 “ tun-on” B¢
A7 AR, Luo 48 56T FRET ML T —
Al YE AT 15 5 K AY < turn-off” &Y ATP A5
Rl RS AR R, CDs 5 B AR Y T AR B
B (cDNA) A% i CDs-cDNA , CDs-cDNA i
PCAAEE S 3 B R I W B Ak A 3B 0 (GO) |
MR R PAETE ATP 43T, ATP 15 58 i s 1) 4 55
PESS G G S TERRRMEE A TR e R &R P il L B
NS XHIE 20, 2R 5 20 CDs-cDNA ¢ B 3] GO
I, Jf &4 FRET 1E A1 33 CDs-cDNA 19 %¢
PR, 2SR R RGP SE & b AR X 52t
AT IR A SR W )45 D B PR %2 3. 3 nmol/L( [&]
7(d)) ., ZEME(DA) &R 2 RS 2
(AR 283 S5 2 — O LA | RAR A ZE RGN 43
WRG T REBEEAEN, Zhu SR T —Fp LT
DA & BCAFRICHKR &5 ( CDs-Apt ) FIZNK A7 5 (NG)
(4 DA 28 A W 1L 1A TE R G, CDs-
Apt 1ER DA RBIBTC, JC DA R/ I -
HEFR BT KAV P E NG 2210, DA IfEE S
T BC A IE BUBR IR 25 44 I 13 CDs-Apt M\ NG 3
T BB, TR B CDs-Apt FOZEGIR I fefdi 4
R, CDs-Apt B2 G5R BEAE 0. 10 ~5. 00 nmol/L
T IEI P BE DA Ve B )38 Jin 2 R 3G T, A6 H FR h
0.055 nmol/L( & 7(e) ),

6.2.3 @R 5k

wih &R SMMER BT ERENAY TS
FEE A IR LR W23 BR BB AE O TR
PR, X EE R AR AR
EWKR, M EREZ T SBEFIE, Guo FLU
FRIERR AN & e R S5k, R FH /K Bk A i (.7
TR A, TE 1B o5 3R & i i B &R B1 iE
Biid 7 A %€ ot 3 1 ( CDs-Apt ) , I 76 J8 7 iR
(HAs) WU IC & & xF 28l 4 & Bl #1417 R 8k
TESOT 8 B R 2 TR A A R A TR 5% 7 A A
I AR W CDs-Apt R KR 5.5, (5 24 8
M2 Bl AEAERT, HEEF 2 5 FLAE FH S8 M 25 1
FAIR R IR I 5, AERALI LI 551, i
KM ATZE 0.1 ~ 0. 8 ng/mL & B2 [l Py X 5 i
TR BL 2LAYEm N, K0 TR A 70 pg/mL (El
8(a)) ., FKBIMKIFBIAA , Wang 5 F| H 4 44
KL F X 1 € TG R AR, 38 1o b i i A
BT EHMEE Bl FREOCERFEY, fEH
AR 280 SRR T 3R T AT I R A 37 AL 5
FeEIB L0 A5 (N, CDs) I3 3 v/ R 4]
BETE % R 35 TC AR A& 1 1) 4 44 K i+ ( Aptamer/
AuNPs) |, N,CDs BZECHA B K, Yimith &
2 OBL U0 E0 A DU, H O A 2 T) A9 R
PEAHEAE 22 S50 N, CDs FOB L, 38 1 5 Bk
SO BRI AR LIXTE A 2 B1 LS pe/
mL ~2.00 ng/mL BRI (E 8 (b)), FIH
S RN AKX B it S 1 1 ASOPR K AL i T FH
Tt E R A (IR, Wang Z55LF FRET /£ 841
BRI = 5 nm BE i A 4B Al SVE R e b A
T A A R G KR ( AgNPs ) 1B M g it 52 4
T WL A A S OTA (R
AN O R R RRE R 5 HL AN DNA 4
WHEHTE AgNPs I CDs |-, 3 15 2438 )2 17 3k BR i1l
PO ) A 25 (B BE 25, 75 FRET o # 09 & E i
OTA MM SIER R (1 2438 N, i1 CDs %¢
JeWR S . %7 AT OTA B ¥ J3E 46 I 3 Rl ] ik
10 ~5 000 nmol/L( & 8(¢)) .

IR F T — MR W B PR B RIR
B F 0y B2 A AT e S O AR B AR Sh W 1k
o X AR R i R . W A5 SR SR bR il
L4 4K FIURL ( AuNPs ) A SR Wz 4 5 2ok P B %4
AR KRl J 2, K T — Rl B R IR 8 R K
FEAEREAR Y IR W BT AuNPs A K
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42 4

¥R

itk 5P 9 R g H &, DLGE ik
SRR RNR LGRS . A RIPER
AUTEOLT ik BC AT LI B E AuNPs 2 I (0 H
L, T A RHAE K CDs 126, S A-RHR
HFR)G,E BB AuNPs 1, S 20 AuNPs 7E

(a)
0.

—
DNA-CDs

Humic acid

(c) (d)

Vo’ 8 N
d ,1’Hybnd|zat|on FRET _{ » ’\‘

Flo

I (—) :Aptamer modified

Complementary DNA . @
Iswlver nanoparticle ‘ Ochratoxin A

modlfled carbon dots

N,C-dots/Aptamer/AuNPs

| l
| B k ;a ; @ ‘ NaCl
splamer kanamycin

b N IR KL, AuNPs WG & 4
b, AN CDs B9 & 5 6 &, i
CDs WK, TES AR 5, % AL s
X R ARG R AR I LA L 0. 04 ~0. 24 pumol/
L, KR > 18 nmol/L( & 8(d)) .

@ AunPs @NC-dots ~~~ Aptamer @ AFB;

- @S

Aum‘s disperse

QO

D without

I8 KBNS . (a) AFBI fLERES TAEFIUR B, (b) AFBI RN EEHLR BRI (o) 3 T35 B
PRSP PR OTTA 7% B0 () DAy o O o Ko 5 2 e P s R

Fig.8 Detection of bacterial secretion. (a)Schematic diagram showing the operating principle of the sensor for AFB1™1. (b)

Schematic illustration of AFBI assay strategy ™.

detecting OTA in beer and flour'™®

tion based on internal filter effect!®’.

6.3 KNEAR

FEIRPTR (CEA ) J& AR 2 8RR L 40 i
WL —FE A PR AR E R E A, B S
50 BRURG B, I 4 MR 3R AR B R R R
YER, RO B 7R M P Y & = AR /D i —
LA PN H BT |, 3R 2 o I eE 40 e v ol B SR R
IR BN T, B E CEA 7ERI i) &
Xof J e A LB T A 12 R A A
TG X Shao FEKE AR H KIS A PR BERG
DL T il 46 7 BA R 2L MO GRS ik
JE(NIR-CDs) , 3£ T NIR-CDs 5 4 44K ¥ (AuNRs )
Z R IR R i i B A A T — BT AL Y
R LA AL R B S T X CEA 1= R A%
Rl N (e SR uR VA OE 8 IR~ B S I U EES
Wré & RN 145 T AuNRs@ SiO,-Aptamer I NIR-
CDs-cDNA #£4f, cDNA 5 35 Pt {4 4% 22 5 2 PR il

(¢) Schematic illustration of the FRET based fluorescence method for

. (d)Schematic representation of the fluorescent aptamer sensor for kanamycin detec-

AuNRs 1 NIR-CDs Z [] (1) 25 [a] 5 25, 2 1 74 2K
NIR-CDs %¢36, 1M CEA 1538 B M4 i 4% S 45 &
23R DNA Z5CHES5 18, 530 NIR-CDs-cDNA M
AuNRs@ Si0, 1438, NIR-CDs 175 61K & 5%
5 CEA HEPETE 0.1 ~5 000 pg 305 Bl P 5 28 1 A
K(FE9(a)), AFETFLLEKMHLE, Miao 55K
FHSPMCIEA 8T —Fh 5N # 6 1) CEA 2801%
SRS . MATRATE AT B IE AT — A A
B R Eotfaett H RS, % CDs
I R AT A5 48 Bl AE i - 2 NAE
W B E CDs 21T, L35 B4 i R 80 far 4 55
IR K CDs 2, SRR TAELE CEA Bf ,CEA
SRR TE LS S 15 CDs YOI E 3T
ZRBEA PO AL BRAF T L BXS 1 ~0.5 mg/
mL LB P CEA ¥R () Al (9 (b)) o
Singh % LA 202 R JRRER Ak — 0 &
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A W S0 R T Ik A, R RS RONOKE S 40 ~240 nmol/L™ . Shi SFF FH Bk 452
AR R R S A R S (PIGDH) & B R R ENFERESWE T B-FLERE 1 (B-LG) Ay Pk
AR RS B B 2O 4 ARIERTS VR ERE I B AR 2 AERGER T (Fe,0,)
PER I A PO RO SE T MGEREAS T 4RI (MNPs) -, 3 Bic 4 B b 2 4% 7 2 ( oD-
0.5 ~25 nmol/L JEH N PIGDH fyPLs &M (E NA) BEELE CDs FIHIE M CDs-cDNA 7 B-LG 17
9(c)) . Ghayyem SFFIHZMRIERCIAAEY 73 F 5 #EF,CDs-cDNA KB BRI W v, 22k W57
fikmi (CDs) REAH AR, R Rbricik e B2 s, st e b3 b i 28 St B2 nT DL Sl
T M E R IRES T E ¢ (Cyt o) 0.25 ~50 ng W JE T B-LG Y LR P46 1 (
P AP R ARG | A6 HEBIR R 25. 90 nmol/L, £k 9(d)) .

E
(d) EXX 2 (C) Bk
= [+ Y FRET = ¥ | T &‘gﬁ%
o Hydrothermal 0 o 22 «ON” /\\ R s P e e “@ %
| 160C, 1 (- X*) CcDNA m oy RS MR TSR %, S
= N 5 ,k@
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following protein-based fluorescence enhancement( PIFE) phenomenon'™". (d) Schematic illustration of the fabrication

of the bioconjugates( 1 )and working principle for B-LG assay ( ii ) "
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