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(B SR\ K2 525288, F 5 266109)

W E ETHRYISESEEIREORR N S8 Hemin/G-T0&EA R L2 B2 8 (L-Cys) B9 #EAL EALIMET , 1
#TREFETE LA 5 FA- FRZOGE YL RS L TR IRPUR (CEA) MR bric w2 SO, L5
K TR B M T B AL DU 2,03 ( TPE-M) VA {558, K RT 5 L-Cys SN, 983 . 4 H AR E1E Rt
CEA 51 % A B/ P9 V) 4l B ) 08 R BCK R SE , JEAE A= 1 K i Hemin/ G-DUSE (A , FLAE AL 401k L-Cys 28 AR 2
fi2 (Cys-cys) ,BH 1k L-Cys 5 TPE-M [N , BU0H 1% B4 3R (W98 G0 5 IR AIK; 24 CEA RAEFERT, L-Cys W kst 5
TPE-M B, RTEAF 5158, TR R hIOLE S 1AL, BT 528 CEA A Sbric i R o , 46 i R
70.033 fmol/L, AfLEGREA LR AR Bue k- ShTIae ), AW S o CEA A 285 vER RN
BT RO,

XEEE BREFTLOL; b, B, 2%, AL

1 51 &

ARk, R R JEIPUR (CEA) B35 5 e | FLIRE |45 B S5 A 2 90 AH O, B
A GRS WM AR MR bR S 2z —" 7 RS HERRGI A YA N CEA (92638 X A1 B 1Y 15
LW S ARG A EE MR E S E L, 2, AWK CEA BRI AE7E B KPR, T4
YT 22 4 R R R R PR RE A CEA fZ AR T 0 ™ M O ok, HAG, te @kt fh2E ok
2000 Btk Bk R R s SR M TR CEA B, Hoh ook
DD EA T P AR T A A2 DGV , A R S AE MR Y CEA S0 o Aff A T Ay B AR
B, SR, HATHGE Y CEA A UE iBas minfR 2 R R RG] . (1) F 5T M P P 26K Ha
F ERES N Rt A ROCHCRR UG R B A R R A7 R RS T U KON
(2) KREZRUS S0 THTAME") 120 BT B A i 9000 25 18 R 2% 1 R 2 BB, S EURET Y
PR A R (3) RS SR T A B A AE SIS CEA B9 5bric oo erm s (R & % & 6k
REREN BTSSR ERE T HAE CEA Sbric s iz m . Wik, it E ke n
BRGS0 T R SR bR iC B 43 B SR W, X Ae  FH R A iR N CEA (AR & B B X,

REFTFLOCAIR) MR TR A LG, RES TRIULE, & T F B ey 8, A B bt
FEEATE Y RE N RS R T TR R T N A LR B2 &6 iRdg Y e T
M A ARG I =) 2507 1, HEEUS T — R AN E B RF R . K BLL ATE AHRME NS 50 T 1 A W15 P
B B IAL G 955 0T RE AR A SCEER AN T, A R i v o ) o2 R | BERR M 5 e v, 52 31
THFFEER)Z K, Lu 252 LLAIE MPRHE NS SR & 1T H TR K56 ET , IF ot — 0
FTAMERA KBRS ; Zhuang %2 5 IFA T BHES 7 ATE Yokl TPE-Py, 3T H bR 4 4E K Sk
YRR, ST S it 1) 28 A0 R S P A T 5 00 T PR D7 AR . SCHR R () T SR 2 24T PP . ATE
T SREIREE AR PHE - ATE Yot 52 it i i e W B, 7R A 8 e A o 586 s B T e e b i 9
MEA, (HBHES T AIE Ye Rl AR 22, 5 32 B A iR N B &S 710 T8, I AAS I ) e 5 . H AT, 25T ALE
BB E T CEA 43R il (8 2 J8- 5 2K UL A SCHRHGE
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AHIFFE LA R G0 E A Bk IV e D) e Ak 1Y) DU 2R 24 ( TPE-M) AR Ry {7 5 U5, 25 T il Aty 10 P 408 A 80 K e
B, 7E LR IEERR (L-Cys) 775 T, ST CEA ISR 8 RGO, L-Cys 55 TPE-M S, fie i
HEOtH . HinY CEA R & Je HP, e 28 Hog By | gk — 205 | e 56 -5 PN U0 5 B 1) 406 B TR Jse
B, AR R i Hemin/ G-PUEEIAR | nf AL Ak L-Cys 28 U2 ( Cys-cys) , 1M Cys-cys Joik5 TPE-M J J
RSEHDOE, FIH CEA ARG W h ARV BE /Y L-Cys 5 TPE-M W 3 B0 28 6 B 1y 28 4k, 52
AR R AR e bric o RO, AW 70K ATE AORHE BT RAric Kl CEA (94 Y& I8 &
o TR PR | R, B A SEPR I A

2 SLIGES

2.1 XEFR5EA

F-4600 5L ( BAH I ) 3 Gel Doc XR + BER R RS (L EFIRAF)

Klenow fragment %%%( KF %%E@) \$1‘Zfr@£( dNTPs) .RNase j’m%ﬂ%ﬂ'ﬁj( %X:Eﬁ%) HH L= L H
e (Tris ) Y90 H 2R T AW TR (B3 ) A AT PR R S IRPT I (CEA) SR (b it 0] AR W R4
ABRAT) 5 ERVIEIEG Ne. BbvClL( 36 FEUBr s 22 A e ) 5 Hu iRl B Bt o5 fh2e A\,
Tris-HCl & ¥ (pH 8.0, %A 10 mmol/L Tris .50 mmol/L NaCl 10 mmol/L MgCl,) 5 1.0 mmol/L —.
T HERE T ASSE R DNA IR INICH] . 5570 F TPE-M 278 3Gk [ 26,27 [ #iGBE 1 556 M, 8 T
CNE  HE AR E R 400 wmol /L BT . S50 b i F RO AZ TR v B eh A= AR TR (B3 ) IR A RS
A PR 1

®1 AR RS
Table I DNA sequences used in this work

HFR JP3 (5'-3")
Name Sequence (5'-3")
G-PU%%{K DNA G-quadruplex DNA (G1) TCAGCTGGGTTGGGCGGGATGGG
4k G-PU4E A DNA Non-G-quadruplex DNA (N1) TCAGCTGTGGTTGGTGTGGTTGG
i DNA Template DNA (P1) CCCATCCCGCCCAACCCAGCTGAGGCATACCAGCTGCTGAGGCATACCAGCT
% DNA Hairpin DNA (HP) CATACCAGCTTATTCAATTCAGCTGGTATG
#iH DNA Template DNA (P1') CCAACCACACCAACCACAGCTGAGGCATACCAGCTGCTGAGGCATACCAGCT
% DNA Hairpin DNA(HP’) TGAGGTAGTATATTCAATTCTACTACCTCA

2.2 CEA Hy&iRic ot

¥ HP Y WRAE 95°C I E 5 min, AR HI B, %M, 50 wL &4 400 nmol/L HP 400 nmol/L P1 |
1.2 U/pL KF B4 0.8 U/pL Nt. BbvCl 2000 wmol/L dNTPs FIA A ¥ B CEA MV AE 25°C F [
120 min , /5 4 2 90°C A 10 min, A5, HHAMAE A 8.0 wmol/L Hemin 19 50 wL Tris-HCI
SRRV, TR AREE IV 45 ming 325 M HAIIA S A 200 wmol/L Cys [ 20 L Tris-HCI 28 WA, S
30 min J5 6 10 wL TPE-M (400 pmol/L) ¥ .70 wL Tris-HCI ZEriFik 5 iR R VIE IR G AR EeE |
20 min, BEATHEIEAI RGN, TSGR HLE R 700 V& KN 365 nm , BR4E N 5.0 nm, iR AL
4 400 ~ 650 nm,

3 HR5H

3.1 TPE-M/L-Cys KX EBERNHES RA

XF il 2 1 TPE-M (72 Y6 E BE ) TPE-M X L-Cys B2 G B FEHESEAT T2 88, WK 1A s, Z R
T R e A5 R AR I FEL BB 7, TPE-M & GH S , O OER EEAUN 57.60 a. u. . I AIA L-Cys
Je , DGR BE RN, IKF] 517.3 a.u. o NG v o] B8 B 4 b LA B ' 5 B2 I 34 . TPE-M %
WILT-JCo9 ), 1 TPE-M+L-Cys W A& 5 R ZU R g o, Rkg5 YR TPE-M X L-Cys H
PEs B it . B FMA L-Cys J5 TPE-M B0 B W& 3 i ket , 9 2% SCiik[ 28 ], #E0 TPE-M
5 L-Cys fEFPLERANE 1B Fi7R . L-Cys 20T LB IS TPE-M I Zh ke ik SV Jie 1t Ust & A 33w ) s
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N, A AR E ALY TPE-M-L, SUREE IR 30 1 43+ OG5 i % (PET) (R 261

Hemin/ G- PU&E A ELA St S0k W i 20200 Ak M 28 P 9 ik S8 481K L-Cys Tl Cys-cys
Cys-cys AHXS L-Cys T 5 AN S HEE, L IR TPE-M |- T i BBt 7 Jig () X5 19 558 4K 2 rP 1 981615 5
(Bl 1C) . £ T Hemin/G-PUEEAXT L-Cys B S ALAE ]  TPE-M X} L-Cys Wi i LA f L-Cys 55 Cys-cys
()5 F L5 22 55 I TPE-M/ L-Cys R R4} G-PUBEIAR DNA AR S Rm Rt S TE el K G-Pusk
& DNA(G1) 59E G-PUs{& DNA (N1) 4350 5 L-Cys #EATHREE , 285 P55 TPE-M #E47 RN, 45 30
KD Fis, 4 Gl 5 NI SRR IR RDOUAE S8 E , B LR B Rl 10 & i ) A2 (R AR /I >4 GL £
TEMT , B 75 I IA)FE K | 9608 3 B W AR, 78 30 min IS B ERARAY ; 24 N1 FEAE T, Bl i ) 28
RrIAA 2R R BE IR RF RS, A R AEB AL, SR 45 R W] TPE-M/L-Cys 1K & 7] #¢ 5 P i iR G-pu
HEM DNA

A 600 D 600
b C
500 500}
TS ~ a
5 5
S 400f S 400f
2 2
2 300} Z 300}
g g B
v 200 o 200
&%) =
100} . 100}
0 1 1 i (1] I 1 1 1 1
400 450 500 550 600 650 0 10 20 30 40 50
A (nm) # (min)
0, COOH

S
B o) '\,
D z? NH,
C o QD
O 0
+ ——
I/SH |

TPE-M TPE-M-L
C OxOH Hemin/G-quadruplex O OH NH, TPE-M
- TPE-M-L
SH 8~s
N H,N -
HO

Bl 1 (A) RFERBDEEIETE (IR AR A2 6B A ) « (a) TPE-M, (b) TPE-M + L-Cys; (B)L-Cys 5
TPE-M fIR N F&ZE ; (C) Hemin/G-TUEE(RXS TPE-M/L-Cys fE IR, (D) L-Cys 525 FREM (a) L GI
(b) . NI(c) BUFE G5 TPE-M SN {4 28 5 3 5 I T 095 18 sF [0 14 28 £k

Fig. 1 (A) Fluorescent spectra of different systems; (a) maleimide-functionalized tetraphenylethene (TPE-M) ,

| ! LN

(b) TPE-M +L-Cys, and inset is images of (a) and (b) under excitation of 365 nm light; (B) Reaction route of
L-Cys and TPE-M; (C) Interaction illustration of TPE-M + L-Cys with hemin/G-quadruplex; (D) FL intensity of
the sensing system in the presence of TPE-M versus pre-reaction time between: (a) L-Cys+ blank, (b) L-Cys +
Gl, and (c¢) L-Cys + NI
3.2 XWEIE
BT LIRSRGaE R A8 B B O B RN B TPE-M/L-Cys 1K 2 TR CEA | 5056 Ji7 2
mE 2 pros, 16, R RIEE HP SEREREE PL T8, ARIE B ARPIAELE A5 1F T 8 500 14 ) N 1)
IAISEAT, HP 43R 3 A4y T NS, Hd, 15108 CEA MEERLA TS, iT4F SR BIS5 S CEA;
M5 Py T 07 BAh; [ 5% K HP X, I %K HP (938, P1 #% Ni. BbvCI NEIEER I
M(5'-GCTGAGG-3") /A 3 Ay 17 I 517, Hoh T° 5 T MHE, 7 5 61 BN, Y HERALT
TERE HP (R R R4, 5 Pl AR (F 3A-a, b, o), BRI ICE G & 38809 18 50 A oK &
Hemin/G-PUSEIA , G B IE L-Cys 5 TPE-M KR, SO AR 2R & HsRZU R 9655 . 24 CEA fF1ERT,
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CEA 5 HP 1 1 5 T #5545 &L CEA@ HP 554, 51 & HP 44 fk, B R 7 B (& 3A-d)
FEE A BEI S H0 P1 24384 MU IS A4, N L, CEA@ HP 254 W0 g 19 4547 T4 2%, TR ik e L
HEL— B 545 (B 3A-e) ., fIIA KF B4&
it 1 Nt. BbvCI YIS , 51 & H8 5038 =0,
HRUHE K s1 5 82 Bl A B, ) B R
CEA, Hrf ARy sl 54K P1 4k&E 24
B CEA k23 5 o S () HP, 35|
RAT A 1 BN, A R AR A B
2, PRI, 7EVKE £ 55ty B —ASHnm 4%
561 &M EMY, st — LI TE S G .
BRI 2 # R A B A i, 7 K' 5 Hemin % 4
FAET 82 JE K& Hemin/G-PUskEfh fifbe ° 4 ? Cyseoys

b L-Cys ZE i Cys-cys, BHL1E L-Cys 55 TPE-M ) @-<g - 5 ¢ ¥
KR B B R 2 M=\ WO AL

3.3 FTHSH o e

NSRBI A 1 8% FH T CEA fdnic \_' 4«4 _\" A %
SIMEARSI N AT A T, TR T R R R 158 e e
(& 3B)., 4 CEA ANTE7E W, L-Cys 5 F2 3T TPE-M/L-Cys (R RGARIC 5 RS CEA fY)5
TPE-M 2 R, 7= 4 %8 o 1 %€ o f5 5 A
(516.9 a.u. ), H: 5 TPE-M/L-Cys /& % 10555 Fig.' 2 Prirjlciple | of TPE-M/L-Cys l.)ased biosensor  for
SIS RPN DN LI e () e el e
fiff % FH PR . Hemin %5 X%§ TPE-M/L-Cys 1A & Y
SEMAAEE /N, A 10 fmol/L CEA J& , /KR MR FERFIRZE 271. 8 a. u. , X EZIHE T CEA 51 £15%L
Y1 SO A2 UK B Hemin/ G-PUsE A | i Ak 484k L-Cys, BHIEH 5 TPE-M 0 S, FEARZE IR, 4k
SLHEIN CEA YR FE 2 200 fmol/L, 98 GHR BEARSEREAR , ZR I W W i SRAH DG 0GR i — 2D IR 52 1 S 4 i 3
(IATATIE M1 L-Cys Bl R AR B 18 SO A bR 2 1 <2, EALTHAFERR Z2 1 L-Cys , 21T K B2 R AR 24 '
55, LRSI E IR T TPE-M/L-Cys 1K R bR ICAZ BT 15 H T CEA 1265 kil & nf
(R

HP 5 P1 ARAUEA RS CEA R TIRE, [R] Bt A5 SR+ B 3% SO R 47 i/ . PRk,
HP'FI1 P1/ 43 5B HP FI PL A AL BUA R |, B AL IBUR R X CEA MZOLm AT (B 3C) , HPPANE
A CEA ERURFH], PUANE A S GL HAMYFS, 4 HP IR HP J& , KA R 2 BRI PEOUE 5,
KT HP A ARG I B (5 CHR B X E B N HP/JEIL IR CEA, LA SR & A= 284k,
TG AR R =4 G-POsEAAR WA BERLIE L-Cys 55 TPE-M R, 240 PLACER P1 Jo, K6
KRR DAE FIRAR S, KT Pl AAFERT R RGOSR, X F 2R H R HP B A5 CEA 51 &1
BRI 7= A R A% R R B H ™ A R e BEAR & G-DUBE(R DNA PR I TG IE B Hemin/ G- DU (4
PR LIE L-Cys 5 TPE-M (R, ik, A B I50b 31 HP A1 P1 AYRE IR ¥ 5 A REMRIE CEA fabric
R A IR 515
3.4 ZWEHMSK

Hemin/ G- VUSRI ;=5 CEA BIARIRMEREAR G, TRL X520 Hemin/ G- DU (A = A (/) H A 56 HP
AR EE (P1 RV B R RS [RI#EA T TARAL (BT 4A) o BifiE & RERET HP YR FEHG O, KR 3 52 608 i 2
Wi /)N, 7E 100 nmol/ L sk ik B HARAE , PR , 53l (9 HP ¥ FE 4 100 nmol/L, #% MR [RlRE 7 Bk b5 58 &
P IS AR A 100 nmol/L( [B14B) , WnE 4C Frw , B B 52 N i ] FE 4 (30 ~ 120 min) , 28650 5
BUFIEAR s AR K il S ] (120 ~ 180 min ) , BORASCRIG IR, 56T I, e 495 e A2 1) il 4l B S
I TE] A 120 min,
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B 540

450 a

360
270

180

FL intensity (a.u.)

90

400 450 500 550 600 650
A (nm)

I I

C 560

480
400
320F
240

FL intensity (a.u.)

160}
gof 1

F3 (A)EERHEIKE : (a)HP,(b)P1,(c)HP + P1,(d)HP + CEA,(e)HP + CEA + P1,(f)HP + CEA +
Pl + KF A7 + dNTPs + Nt. BbVCl,(g)Gl; (B) NFEARMZOLIEIEMZ . (a) TPE-M, (b) TPE-M +
L-Cys,(c¢)HP + P1+ TPE-M + L-Cys + KF & + dNTPs + Nt. BbVCl, (d) HP + P1 + 10 fmol/L CEA +
TPE-M + L-Cys + KF A1 + dNTPs + Nt. BbVCl, (e) HP + P1 + 200 fmol/L. CEA + TPE-M + L-Cys +
KF %478 + dNTPs + Nt. BbVCI; (C) AR DNA A48 B ERET XTI 200 fmol/L CEA BYMALE: (a) HP +
P1,(b)HP’ + P1,(c¢)HP + P1’

Fig. 3 (A) Non-denaturing polyacrylamide gel electrophoresis verification of the CEA-initiated cyclic
amplification process: (a) HP, (b) P1, (¢) HP + P1, (d) HP + CEA, (e) HP + CEA + P1, (f) HP +
CEA + Pl + KF polymerase + dNTPs + Nt. BbVCl, (g) Gl; (B) Fluorescent spectra of different systems :
(a) TPE-M, (b) TPE-M + L-Cys, (c¢) the solution containing all components in the absence of CEA, (d)
the solution containing all components in the presence of 10 fmol/L CEA, and (e) the solution containing all
components in the presence of 200 fmol/L CEA; (C) FL intensity of the detection systems toward 200 fmol/L
CEA under different conditions: (a) HP + P1, (b) HP' + P1, (c¢) HP + P1’

FES Nk R Ry T B W S M DA% R BRI AR, I DTT AR s %04 5], {22, DTT
A A BB, TS TPE-M RV, M5 KOOt T30 CEA 9Bkl . SHEER DTT X A& 8k & 1y 1
e, XT38 5 B BGHAT 90°C B 3L, 2548 T A HII ) X 28 G0 BE B 20 ([ 4D) o RHFAT AL 3 1
RIE CEA fAAERT A R I B 0 29 65 5, X FEJE Ky CEA BUAT 5| & 48 B0 18 B ny A oK o
Hemin/G-PUBEIAR  JEIMT I #E L-Cys, FHLIEHS TPE-M [, (HAR 5 FPA77E A9 K& DTT 7] 5 TPE-M J ),
B 5 FAAL B B) S K | P R 2 8 BE SR T RAAEG, 76 10 min iAFIHRARAE , X W] 90°C HALFE 10 min, AT 15
RO BRASIN A 22 T A AE R S HEAL G0, 38 e A DU Fr o 6 B
3.5 fERLEBESHT

TERAESRM T, B85 T AMLIRERXT CEA PRI PEGE . 4nEl SA Fs 76 0. 1 ~200 fmol/L Y5 F N , B
F CEA MRBERIBEIN R R DR BE B WA . LA 453 nm AbAIZEEHRFE (F o ) AAAR  CEA ¥ FE (%
B (1gCpy ) MBEARAR, 25 TAEII L (B 5B) S5 R R Fi, 5 1gC, B RFRILR MG R Lt Ir il
F 3 =-128.46 1gC,;, + 400. 69, (R*=0.9965) , ki i1 FR A 0. 033 fmol/L (S/N=3), 5 3CHRHZIE Y6
CEA W7 ARG (3R 2) , A D7 ik R FIAS H FRS ZAH S BRI
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A 560 B 540
450
3 420r <
s S 360F
z z
z 280 z 270
8 8
o = 180
= 140F =
[] 90} []
0 1 1 1 0 1 1 1
0 80 160 240 320 0 80 160 240 320
C (nmol/L) C (nmol/L)
C 400 D 575
I

320 _460F I
3 3
S S,
z 240 = 345}
5 160 5 230 I
= =)

80 115} I I .

0 1 1 1 1 0

0 40 80 120 160 200 0 3 5 10 13 15
t (min) t (min)

B4 HPJHE(A) | PUEE(B) | RBERE](C) FIARIFAAL B (90°C ) IF ] (D) X ATE f& /g Ak R 5t
LSRN, CEA ¥R 200 fmol/1.

Fig.4 Effect of HP dosage (A), Pl dosage (B), incubation time (C) and heat-treatment time at 90°C (D)
on fluorescence signal of TPE-M/L-Cys system toward 200 fmol/L CEA

A 560 B 560
480 430k
3400 e
s S 400}
Z 320 2z
g B 320f
8 240 5
=1 =]
= = 240t
= 160 =
20 160
0 80 1 1
400 450 500 550 600 650 -1.2 0.0 12 24
A (nm) 1g(Cega(fmol/L))

5 (A)ANFEWE CEA F-1E T TPE-M/L-Cys R R 7N I6HE; (B) TPE-M/L-Cys R R 2 G E S
CEA ¥R A2 i 2k

Fig.5 (A) Fluorescent curves of TPE-M/L-Cys system in the presence of different concentrations of CEA;
(B) Linear relationship of FL signal versus logarithm of CEA concentration

F2 Al CEA K7 Bt RE L5

Table 2 Comparison of CEA assay performances of the proposed strategy with reported methods

K Jy i L A R EEPUS

Method Linear range Detection limit Ref.
HLfk2# Electrochemistry 0.01 ~2.5 pmol/L 7.5 fmol/L [31]
HL k2 Electrochemistry 0.005 ~0.1 fmol/L 2.5 amol/L [32]
{1t %t Chemiluminescence 0.8 pmol/L ~8 nmol/L 7.5 pmol/L [33]
b2 % Chemiluminescence 0.05 ~500 pmol/L 0.034 pmol/L [34]
2¢6 Fluorescence 0.5 ~50 pmol/L 0.5 pmol/L [35]
P Fluorescence 50 fmol/L ~50 nmol/L 50 fmol/L [36]

¢t Fluorescence 0.1 ~200 fmol/L 0.033 fmol/L AT

This work
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HE T AL AR X CEA Rl e #EVE . FERIFESAAE T, SR 1200 fmol/L () AFP CA125 5 CA199
HEAT T HAIE, QN 6A FR 24 HAL Y CEA fA7ERT , KA R 986155 A KR FEEREAIK, 1 AFP  CA125
5 CA199 FEANRES AR R 2860 B AR, X B0 HP 3& Fe iR B Fr 2 U0 CEA BYRE T, K AFP,
CA125 .CA199 5 CEA IRG 5 AR, K AR R 28G5 SRR, HBUE S CEA Bl A7 7E i AH
4 2] AFP CA125 5 CA199 [UAELEIEA SN CEA BRI % T-4E , 3 — A iF S A g B T 5 1Y
BEREE SHT T RE

T AEF L ALE (& IR 25 1083 M, SR HRIRE J7 35, #E 20 umol/L KNO, | Ca ( NO, ), | ] % 4
(Glucose) . H&BR ( Glycine) \ 7% & 12 ( Glutamic acid ) A4 B H K (GSH) FA7E 54T, Kl 200 fmol/L
CEA(E 6B) . NIAGKEET-HA A XA IMAA FR (955 7= A g i, FL PR Ry 90°C #Rkh AT A7 20 &
BRE S A, RIARMIFRAGE A ALE ARG A R R R e

A 540 T = = B 540
450 450
—_ —_ GSH
3 3601 3 360 Glutamic acid
; \j; Glycine
Z’ 270 g 270 Glucose
[23 Q
E £ Ca(NOy),
5 180F o 180F KNO,
=~ R CEA
90} I I 1) R S SR SR SR SRR S |
0 - 0
Blank CEA AFP CA125 CA199 Mixture a b ¢ d e f g h

E6 (A)AREHII(200 fmol/L) F77E N TPE-M/L-Cys R R TR L ; (B) THLHIX} TPE-M/L-Cys
RZ I 200 fmol/L CEA 38 FF (15410

Fig.6 (A) FL intensity of TPE-M/L-Cys system upon the addition of CEA, a-fetoprotein ( AFP), CA125,
and CA129, and the mixture of these substances, respectively; (B) FL intensity of TPE-M/L-Cys system
toward 200 fmol/L CEA in the presence of 200 wmol/L different substances

3.6 ELEREERSH

FIHRIEE R ALE ABIROF- 4 HE1T T IS FES T CEA BRI, 5 5 03 3 78 30% R g |5 4
HFRACE T B EISCR 23908 97% . 103% . 96% . 104% F1 105% , FH R FRMEIR 22 <5% , e WA J7 3 0] ]
TSEBREE A CEA PRI,
F£3 MUEREG T CEA BRGNS,

Table 3 Detection results of CEA in serum sample

e JbR{E M3 LS HRR s v O 22
No. Added Found Recovery RSD
(fmol/L) (fmol/L) (%) (% , n=3)
1 1.7 1.7 97.0 2.5
2 5.8 6.0 103.0 2.6
3 13.4 12.9 96.0 3.5
4 27.9 29.0 104.1 3.8
5 45.2 47.4 105.0 4.6
4 # i

T Hemin/ G-DUEEANT L-Cys BOMEALEALAEH \TPE-M X L-Cys Wi LA & L-Cys 5 Cys-cys FJ45+F
ik 5 456 BAnn | & 0T il B G PR CR SO, M T ALE BB S 09 9O AE WA s SE IR T
CEA Myfbric SRS, HARsr+F CEA 51 R85 4 Ry, 77 24E Kt Hemin/G-PUSEA 1L E Ak
L-Cys, BHLIE L-Cys 5 TPE-M B9 520, JE 15 AR 2R A5 AR AL, SEBXF CEA BYSbric i R AL
R, A HH BRARZE 0. 033 fmol/L, [RIE, MAZIERES HAT R S i B vt ShoTHiae )y, vl 1 F i s
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H CEA BT RSN ARSI S ebmic R BB R P RE DO R AR IR T 2% W98 T AIE KLY
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Aggregation Induced Emission Fluorogen-based Label-free
Biosensor for Highly Sensitive Detection of Carcinoembryonic Antigen

LI Hai-Yin, CHANG Jia-Fu, LYU Wen-Xin, LI Feng"
(College of Chemistry and Pharmaceutical Sciences, Qingdao Agricultural University, Qingdao 266109, China)

Abstract A highly sensitive and label-free fluorescence carcinoembryonic antigen ( CEA) biosensor was
developed via target-triggered enzymatic recycling amplification reaction. In this strategy, aggregation induced
emission fluorogen ( AlEgen) TPE-M was chosen as a signal reporter to enhance the detection efficiency, as
well as L-cysteine ( L-cys) was utilized as a reactant to control over the fluorescence intensity due to its distinct
capability of reacting with TPE-M and hemin/G-quadruplex. CEA triggered the in-situ generation of abundant
hemin/G-quadruplex through polymerase/nicking enzyme-assisted recycling amplification, and the in-situ
generated hemin/G-quadruplex catalyzed the destruction of L-cys. With L-cys consuming, a significantly
decreased fluorescence was observed, demonstrating that the fluorescence intensity was relied on CEA amount.
As a consequence, a facile, precise and sensitive strategy for CEA assay was readily realized. Furthermore,
the detection limit was 0. 033 fmol/L (S/N=3). The developed AlEgen-based biosensor provided a new
method for sensitive and reliable detection of CEA in biological liquids, displaying a significant promise for
CEA-related disease diagnosis.

Keywords Aggregation induced emission; Label-free; Carcinoembryonic antigen; Fluorescence; Biosensor
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