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£, & 3 TPEDPyMe H A R4 5T RO (ATE) YERE. 76 pH (E28 7.2 19 = 5% H B S0 5L /1 ot -3h R (ris-HC) 28 o
WP TPEDPyMe #6074 1 Jik DNA (ctDNA) I W€ 5, B % ctDNA 9% B M 0 pwe/mL 3% K F] 500 peg/
mL, TPEDPyMe [¥) %5 % JI 32 #1420 4%, B 28 60 7 A 627 nm 88 %] 576 nm. 28045k [ 5 ctDNA ¥ J§ A8
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PE. ZIEF] AIE K926 4 6 W 2405 & i
G, ANV K PR T A AR PG A Ok 1S e
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BEA  RART R e (NBS) |, % i & i i
BT B4R, DNA | tris-HC1 M Aldrich 3857 2 =] ) SE
B B RR = £ TR, 4- e Z 28 R, it i
e, 1 AL 2 HBE (BPO ), U S84k Bk, Ak e LA K
ctDNA A 78 [ 24 W 3K 5 P4 S AL Bk (1 P, O [B1 R
24h)  faihiE, OB, TR R, AW b, S AL B
M i 2 3R] 2 ) W SE B 4 AR 5 DY Ak R
(THF ) BT RUMR Ak 27 328500 A FR 2 ) A S, Sl 0
&4 (LA W R g 46 75 1)) 28 B K R i A

"H-NMR #1"” C-NMR, Bruker Avance DMX 500
NMR Spectrometer, 8 #p 7] UL W )3 , CARY 100
Bio UV-visible Spectrophotometer, %% ) % 1 ¢ it ,
Perkin Elmer LS 55 Spectrofluorometer, JG % 43 #7,
Perkin-Elmer 240C Element
TRACEGC 2000/TRACE.
1.3 HHLEER TPE iTEMB S M

H AR 7= 10 0 A i 2 U 7R = 1, B R e
IYIRANT TS, 88 g 4-HTHE TR I & 5. 85
g BEM IR 84y TR = RO P, A — A
Wiy i E= 2 h B E AR TR 100
mL B 78 THF BN A = VRS b, K 0 W 4
0.5 h, M5 W IR €0 80 W BT R RS L S mL
(8.73 g) TiCl, , Jf-7E 0°C T & ¥ i i ) = 11 58
v, BEE TICL YA, TR SN ) ZY, B O BRE
H I B € A TN o BR S FE IR SN 1 b, ST
738 Sy 58 RS T IS I T iR B T 22 78°C [l ik
TV WR TN O TR 5 VA R A B R AR R B 25
V), A [ AR R R A AR AT 20 B (IE O e =&
Hke = 5:1), A HEAR 40°C T4, 15 8] 1 & [
RIS 4,4 - AR 245 (1) 5.0 g,
FEHRN 85% . LA 1 B RIEL R W H-
NMR (500 MHz,CDCI,,8) :7.14 ~6.97 (m, 10H,
Ar—H), 6.91(d, 4H, Ar—H), 6.89(d, 4H,
Ar—H), 2.27 (s, 6H, —CH,). “C-NMR (500
MHz, CDCl,,8):144.0, 140.9, 140.3, 135.9,
131.3, 131.1, 128.3, 127.5, 126.1, 21.2.
Caled. (C% 93.29, H% 6.71), Found ( C%
93.01, H% 6.60).

#1.08 g {54 1.1.07 g NBS J2 0.06 ¢

Analysis, & %,

BPO fin A B 5045 T = BB D, A — >
T E A A A3 WG BEE A 20 mL B ZE 1
CCl, , JFJa R 308 8, W W Ry e PR M. B W T iR &
78C A K M A, BPO 43 fiff , bl J 4 45 Tt Ji2
FE 78°C i CCL, ¥ MR 2 h J5 , W W R 1A
R EE VR B T AR S WA N U8 e A 2R R R 2
VSR A R A R 2 A AR AT 40 B8 (A ik
e =5:1) , B2 HEAE 40°C T4, 45 21 (1 o [ 44
fhEw 4,4 - "R RIL M (2) 0.5 g, 7"
RN 46% ALY 2 Gk RAELE R T H-NMR
(500 MHz, CDCl,, §6):7.12 ~ 6.98 (m, 18H,
Ar—H), 4.41 (s, 4H, —CH,Br). "C-NMR (500
MHz, CDCl,,5):143.5, 142.9, 140.6, 135.6,
131.4, 131, 128.2, 127.6, 126, 33.2.

B 2.58 g fb& W 2,10 mL Wi B R = 2, B I
ABNFE o TR A — 1 = DB, &
2500 A3 W B R Z R A THIR & 145°C 31X
If 2 & BB R A SR E R S AR ey R
Yy 1-IRAR 2 e, Ud B I L E 28 T IR I 4R B
R JC A0 33 WA, ROV 7 b JE AR R AR SR B 45k
S B 2 100°C 98 Fe 2 18 B 25 91 4y 1Y) 0 B iR
ST AR BRI Z AT B (LR O
A =2:1) , B 40°C TR B2 A W 3
2.84 g, R 90% . kAW 3 FAELE R H-
NMR (500 MHz, CDCL,,8):7.09 ~ 6.94 (m,
18H), 3.95 (m, 8H), 3.09 (d, 4H), 1.20 (m,
12H)."” C-NMR (500 MHz, CDCl,,5):143.35,
142.1, 140.3, 131.2, 131, 129.3, 128.9,
127.4,126.2, 61.8, 34.0, 32.7, 16. 1.

B2 g A9 3.2 mL X it meE 56 8 A
B = HBRIE A — ARG 282 0 E R 0 R
S E ATl A3 WGBS A 50 mL i ZE (1 1Y
AR, BEFE 0. Sh Bl & A 1.5 g UT B
) DU S 1K TR B V7 W 50 mL, i A B E R v U <
o R R R R R - TOC IR, 3 T T 0 AT
) D S PR T A TR VR, T O R B A i — i, 1R R
SEZVS LT B TR IH R BT RO R AT K2
1 hJ5  BUT P B0 7 DU S 0k TR Ak 7 VR 4 0 n o
Be Ak 2k [T hAS B 5 B T W R I AR I TR
U8, e 78 K W 250 300, BT A5 [ 4 FH 2 b A i8R AT 4
B (DUEEm: IEC ke =2: 1), Ha5 JE4H 40°C T
i, #+E& %) TPEDPy, % % 67% . TPEDPy R AE
4540 F . 'H-NMR (500 MHz, CDCL,,58):8.73,
8.51 (d, 4H, Pyridine-H) , 7.78, 7.51 (d, 4H,
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Pyridine-H) , 7.45 ~6.90 (m, 22H, Ar—H, —
CH=CH—).

0.5 ¢ fb& ¥ TPEDPy, il A B — >k A %
FRFS TR = 0 R i Bl AR 3 IR,
A3 mL Jook BB, fiE 4+ 10 min, B85 B #
W1 mL HVGE N B £ B P, TRl 2 45°C
FC R 240 WA L0 UTVE AR . B R =R L 8

Zn, TiCl __ZnTiCl,
THEF, reﬂux

TPEDPy

NBS, BPO
CCl4 reflux

B E T I JEK Sk % 3 W, B HEA
40°C T4, 84L& Y TPEDPyMe, 7 3 94% , H
ZEH) FAE L5 B 40T ' H-NMR (500 MHz, CDCI,,
§):7.64 (m, 4H), 7.34 (m, 6H), 7.40 ~6.85
(m, 20H). JCZ 43 M7 45 5 Caled. (C% 89.17,

H% 5.61), Found (C% 89.09, H% 5.52).
PO(OEt)Z
PO(OEt)3
140 C
PO(OE),
—Me
)
]
Mel
MeOH, reflux
ol lo
TPEDPyMe ~N—Me

Scheme 1 Synthetic route to the expected fluorescent probe TPEDPyMe

1.4 DNA &l SE3&

HAERCH pH (E R 7.2 B 2% v U, L
HFRUT 2% 394 mg tris-HC1, 1. 863 g KC1 fif A %
250 mL & P, A 25 BT K G & A 10
mmol/L tris-HCI, 100 mmol/L KC1 #J pH 2 7.2 H)
SR W WL SR JE R I 2% o S 43 B C ) ctDNA
N0 ~500 peg/ml E@yk?*m,,\ #1 TPEDPyMe
By e gE 4578 5 x 10 ° mol/L. D) ctDNA & K
100 pg/mL {12 B+ KB W R 194 43 e HL AR E 1
AR H SHE A Y TPEDPyMe 8.2 mg fil A
) 100 mL 25 &, B J5 A 100 mL pH 7.2 (1)
% 0RO W, BC OO MR BE M 1070 mol/L Y
TPEDPyMe 2% wp/K ¥ W, B J5 HUHS 1 mL |3 ¥ W
Fi B¢ 2 10 mL ffi TPEDPyMe [V & >4 10~ mol/
L, HUS mL s WO A 21— A T 1 0 18 RO b
F. BifiJ5 B 10 mg ctDNA fit AF) 10 mL %5 &),
PN 28 vh v W, T MR BE S 1000 we/mL (1Y
ctDNA 9, B 1 mL B, 10 5 A 2% b s
W 4 mL K ctDNA ¥ BEFG B 2 20 pg/mL, 76 1 51
PiFE A I ctDNA 5 W7 I A 56 i Bk 7 B8 R
t ) TPEDPyMe 2% ppigs i v, i n 58 58 ), #1E 2
b 0 5 HC 2R A0 AT UL I T K o

2 BR5IE

2.1 TPEDPyMe Hy RIS % S 4544

AN [V BE TPEDPyMe [ 7K 75 W 1 28 41 AT L %
OGS WL 1, e R AE 388 nm Kb (1 W i 4k B
TPEDPyMe i 4%+ T 5 42 (¢ W& Wi, 117 78 314 nm
Aab f18y W MAC 0 ) 2 O S R 2, 7 R AT ) AR A R Mg 0
4 TPEDPyMe 7 7K %5 W H B9 ¥ BE AL 10 7° mol/L
A5 0 10~ mol/L B, 5 V(4 48 AN RO 8 IR A
MR REEBNRE. —RIERT , m-Hhud:
053 V5 W WL 1 A% 3l i i T A PR mem
MEAEFHSIR A, I E 1T 308 I JOE 3 fY
F s PEULIT TPEDPyMe 43 75 7K ¥ W i35 fige 1k R
U 30T S DNA G5 7KW PR AR ) K 41 00 A
S A

TEEHMT T WL & A W 1077 mol/L (Y
TPEDPyMe 17K 1 & BE 5 W, 2 B 7K 5 W L AR
SR 5, M £ B W W & 4158, TPEDPyMe
FEIK RN 2 BV P 1R 9 6 6 3 WL IR 2, BT A
TPEDPyMe 7£ 7K ¥ W Hh 22 O i B2 AR 59, 2¢Ot & 4
W 7E 627 nm b 5 T 7E & 47 M [F] ¥k & TPEDPyMe 7£
CPETE W PG B A B R T 30 £5, Hoohk
PR AL 8 T 631 nm kb T L, 2 FE R
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Fig. 1 UV-Vis spectra of TPEDPyMe in aqueous

solution with different concentrations
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Fig. 2 Fluorescence spectra of TPEDPyMe in water,

ethanol and acetone (10 ~> mol/L) , excitation wavelength ;
420 nm
The inset shows the fluorescence images of the samples

taken under 365 nm UV light.

TPEDPyMe [ AN KL ¥ 71, K ik TPEDPyMe 7 £,
P v DL SR AR AR B 2UAE A, 9 6 63 00 0 31 1Y
O FREMN &G, X U] TPEDPyMe H A it
R REFEFT LW T — L EH
TPEDPyMe ByER A5 T & 64T N, o — M AR
FI N ERHEAT 7 X5 F e, 2Ot IR W AE R 2 gy
. S5 R R WITEAH R W FE T, TPEDPyMe R L
TE 7K S W B 284 508 1) ¢ 't S RN A AE & Bt i
R OEIE 2L 4, I IEW] T TPEDPyMe (1)
REFHSIOLMERE.
2.2 TPEDPyMe 3t F ct DNA {iK B #&
TERSE T TPEDPyMe 1 12 W #1582 355 3 & O
PERE B FE Al B, L& A 10 mmol/L tris-HCI, 100

mmol/L. KCI ) pH 2}y 7. 2 1) 2% wigs AR 1], 52
T E AR tDNA () TPEDPyMe 2 i W i) ¢
JCR BT A R B A 5O E A2 AL WK 3 (a) . A
B A LR IR B ctDNA VR BE (14388 K, 15 Tk 1 9%
DGR BTG 58, B AEOG I R A iE R 9O
B a4 RAEK 3(b) g . 24
ctDNA &8 M 0 pg/mL 25 50 we/mL B, H52 5
JETE e KA WA A 633 nm #5745 5] 598 nm , ¥ 5%
T 35 nm,Z8 4L RIZU. 24 ctDNA 3 E KT 50 wg/mL
I, 5 6T e 57 1Y) 3 4 3 B 453 i, 728 A S AR 2%
3 ctDNA F ity 500 wg/mL i, i {4 2 576
nm b, AT DNA & 0 50 we/ml ¥ WY 5
JEIEER T 24 nm (K 3(h)).
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Fig. 3 ('a) Variation of fluorescence spectra of

TPEDPyMe in tris-HCl buffer solution with different DNA
concentrations; (b) Changes in peak wavelength of the

fluorescence spectra with the variation of DNA concentration
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& ctDNA ¥R BRI, 35 W56 98 B 1Y A2 Ak mT LA
930 2 A DEL 51T AN E AT ctDNA ¥k B2 A
0 pg/mLE| 50 peg/mlL, 5¢ 5 & 5F W 5k B 1) 48 1k 3¢
HWRIZL 5 2 A K ]y ctDNA W2 A 50 pe/ml
F 500 wg/mL Z (8], 5 5 58 B B A8 b U 2. B A
I, ctDNA ¥k 24 500 weg/mL ) TPEDPyMe ¥ i
G 3R EAXT T 0 wg/mL B %84 T 3 20
i, 5 1Y B £L 298G TE 52 A AT R At ml LAV E b 1 WL
M2 CE4(A)HHED .

FEICHRAE AH X TR I 1 R R AT LG it
Stern-Volmer 2 (I/I, = K, [ Q] +1) X & =W
5C, 0T R T 02 & A 4 5 ik B AT i) 9 U Y
YEIGIR P, T, S AN 5 A6 DU 0y 18 T35 WA 110 2 Ol ik 3
[Q K i ¥k 2, K, W72 Stern-Volmer ¥ %5,
FOB R, 1B X R S O BB R B X T

350

300

250

200

150

Fluorescence intensity

100

50

0

1 1 1 1 1
0 100 200 300 400 500
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TPEDPyMe, 24 ctDNA ¥k 7 0 ~ 50 we/mL [X [&]
I, 52098 i [R] ctDNA ¥ B 22 8] 1Y 26 P4 AH G I
7 0.9753, B RAFRE G R (K 4(B), HfiKE),
IX 2 S it A ) e ke AR R R A i 2k X ),
Stern-Volmer 1B 53| /) K, N 1.4 x 10%. 40 %F F
CE 1k DNA ¥ B2 (19 ALIE /L5497, X1 K
e B m T AR,
TPEDPyMe 155G 48 £ Al ctDNA R, A 4308 0]
FI) B 09900 5, T EL (R s UL I ) ' 3% i B G
gl KW E T 1 Bl S G 4l LR e i 2
AN T A8 AR R A I ) b R AT o A 2 S T
FH U Fof A o AT 52 B E AR T, iX — PEREAE A= )
R ep B R H T, A LB Y TR
NS AT .

V-1

R*=0.9753
0 10 20 30 40 50
DNA concentration (ng/mL)

0 100 200 300 400 500
DNA concentration (ug/mL)

Fig. 4 (A) Variation of fluorescence intensity of TPEDPyMe with the concentration of ¢tDNA in tris-HCI buffer solution ( excitation

wavelength :420 nm). The inset shows the fluorescence images of the buffer solutions containing 0 pg/mL (a) and 50 (g/mL (b) ctDNA;

(B) Stern-Volmer plot according to the data in (A). The inset displays the linear relationship between I/I, —1 versus DNA concentration in

the region from 0 wg/mL to 50 pg/mL

3 HFig

AT A A M RE £ 5L A K 5 1 TPE it A
¥J TPEDPyMe , TPEDPyMe H. 75 AIE 4 fg. % H
T ctDNA BRI i & 88, 78 pH (AR 7.2 1) tris-
HCI 2% #f %5 W, TPEDPyMe (1) %¢ )t 58 JiE Pl &

ctDNA {14y B 1 A i B 5k, [ isf ot 3 & A i 6. 7
ctDNA ¥ 4 0 pg/mL $] 50 pg/mlL X [f], %%
SREEAEAL Y otDNA W2 RAFI MR K8
A E 1.4 x 107, X e 5% 45 S % W] TPEDPyMe
A EAT ALE PR & 2 HUE (1 DNA 54T
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DETECTION OF ctDNA WITH WATER SOLUBLE
TETRAPHENYLENE-BASED FLUORESCENCE PROBE

JIN Jiake', CHEN Xiujuan', LIU Yi', QIN Anjun', SUN Jingzhi', TANG Benzhong'

(" Department of Polymer Science and Engineering , Institute of Biological & Biomedical Macromolecules ,
MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Zhejiang University, Hangzhou 310027)
(* Department of Chemistry, The Hong Kong University of Science & Technology, Clear Water Bay, Kowloon, Hong Kong)

Abstract A water soluble cationic fluorescent probe ( TPEDPyMe ) was designed and synthesized by
attaching two pyridinium moieties onto the tetraphenylethene ( TPE ) core. The molecular structure of
TPEDPyMe was characterized by multiple spectroscopic techniques, and its fluorescence property was
examined. As its maternal compound, TPEDPyMe exhibited typical aggregation-induced emission ( AIE)
behavior,and the emission peaked at around 630 nm in aqueous solution. TPEDPyMe was used as a fluorescent
probe to detect ¢tDNA in tris-HCI] buffer solution at a pH value of 7. 2. It was found that the fluorescence
intensity of the TPEDPyMe in the buffer solution was boosted up to 20 folds when the concentration of ¢tDNA
increased from 0 pwg/mL to 500 wg/mL. Meanwhile ,the emission peaks blue-shifted from 627 nm to 576 nm.
In the concentration region from 0 pg/mL to 50 pwg/mL, the change in fluorescence intensity was linearly
proportional to the concentration of ¢tDNA. In this region,the Stern-Volmer constant or K, was calculated to
be 1.4 x 10%,showing a desirable sensitivity of TPEDPyMe to ¢tDNA. Moreover, when the concentration of
ctDNA increased from 0 pg/mL to 500 pwg/mL, the emission peak shifted from 633 nm to 578 nm. This
phenomenon implies that the TPEDPyMe can be used as a dual-responsive fluorescent label for probing
ctDNA ,which is of great significance in biosensor technologies. In summary, the present results indicate that
TPEDPyMe is a promising fluorescent probe for the detection of DNA species and more detailed investigation is
going on in the laboratory.

Keywords DNA detection, Aggregation-induced emission, Tetraphenylethene, Fluorescent probe





