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3.,4-Dimethoxychalcone Fluorescent Probe for
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Abstract Human serum albumin (HSA) is the most abundant protein in human serum, involved in many important
physiological processes and closely related to many diseases. It is an important biomarker for clinical diagnosis. In
this paper, the chalcone compounds with simple structure, easy synthesis, and easily regulated fluorescence
properties were used as the fluorescent skeleton. A D-77-A fluorescent probe, 3, 4-dimethoxychalcone (DDP) , was
designed for the detection of HSA by introducing two methoxy groups to the A ring of chalcone. The structure of the
probe was confirmed by 'H NMR and “C NMR as well as MS. The push-pull electronic effect of the probe and its
fluorescence response to HSA were modulated by the introduction of the two methoxy groups. UV-visible absorption
spectroscopy and fluorescence spectroscopy were further used to investigate the spectral properties of DDP and its
interaction with HSA. The fluorescence spectra of DDP showed that its fluorescence is highly sensitive to the polarity
of the solvent, and its fluorescence emission wavelength undergoes a red-shift with the increase of solvent polarity.

The fluorescence enhancement of DDP in response to HSA was 73-fold, and the fluorescence quantum yields before
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and after response to HSA were 0.2% and 4.0%, respectively. DDP has excellent selectivity in response to HSA with

fast response and stable fluorescence. The binding stoichiometry ratio of DDP to HSA was determined to be 1: 1 by
Job’ s plot and fluorescence titration. The limit of detection (LOD) was 40.32 nmol/L, and the binding constant was
3.95x10° L/mol. The binding site of DDP with HSA was verified to be DS2 region with the displacement test. This
probe enables highly sensitive and selective detection of HSA.

Keywords Fluorescent probe; Fluorescence spectroscopy; Chalcone; Human serum albumin
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L S5 e I G R SR A T A H BR AN A Ak

1 SCIGERSY

1.1 RFIELE

4-( L2 0 ) R (40 BE 98% ) | 3, 4- W AR L (265 98% ) , HEMREN (L1 98% ) , £hTR
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R A e 28 R AL, FHEE SR A B A S ) PHS-3C U pH -, b 1S HL B 22 A 28 1 40 A BR A 7 5
KQ-100DE BYEcas i A i v v, Rl rml e A AT PR H
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Scheme 1 Synthesis route of DDP

12.1 DDP&H % B 4-( " FIILEIE) ZEHE (149 mg, 1 mmol) F13, 4- " FAKLIE 2 (216 mg, 1.2
mmol ) ITAE] 50 mL A B H, A 15 mL Z s H i, ) s - im AWREE (0. 1 mL, 0. 15 mmol ),
PNAAZE 75 °C, B9 12 h. 2 Gl Wi s g o A (R 50) VO g ) VIZ R g ) =3 1], 584
J& , WL ZE R BR BV, IRt 2D AT RE A 35 43 5 [ BEMER V(i) - VLR C TR )=6:1]. 155
Gl Y R 4 [ A P2 ) (220 mg) , P2 % 71%. 'H NMR (600 MHz, CDCL,), 8: 7.80(d, J=15.4 Hz, 1H),
7.68 (dd, J=8.4, 2.0 Hz, 1H), 7.64~7.53(m, 3H), 7.37(d, J=15.4 Hz, 1H), 6.93(d, J=8.3 Hz,
1H), 6.72~6.67(m, 2H), 3.98(s, 3H), 3.97(s, 3H), 3.05(s, 6H). “C NMR (151 MHz, CDCL,) ,
5: 188.79, 152.74, 151.94, 149.09, 144.98, 132.14, 130.30, 122.56, 116.52, 111.85, 110. 84,
109.95, 56.05. MS, m/z: C,,H,,NO, [M+H]*: 312. 3; found: 312.2.
122 AR A TAE B B 4 AR — 2 5 R E DDP IR L F DMSO Hf, i il ik 1
10 mmol/L (U BE , £ 1. ¥ 3 L 3REF BRI A 3 mL AN [R] 4 770 B AS ] pH K %0, Tie B VR 52 0
10 wmol/L A TAEW , A TW OIS 5 9 0B (R IR 420 nm, U PREETERE 7 10 nm, B 4T
BetEFa A 10 nm).
123 HRFMENR  MEFFRIC—E BRI (Cys) . HEBR (Gly) . BRER (Tyr) | 5228 (Leu) . 4%
AR (Glu) . K &R (Arg) | AR (Lys) . &R (Trp) . H AR ZBR (Thr) | ZnCl,, FeCl,, MgCl,, KCI,
NaCl. Cu(NO,), FILZLEE F1(MYO) , AZK Ay i A BC i W& B4 10 mmol/L A BRI, JFF— 20 B 2 100
pmol/L #4725
124 FHREFF MR UBOEELE0. 1 mol/L NaOH W TP D68 777 22(0. o) E NS 1,
PBS 2% R ARED . [ HR4%E DDP FIDE G R AE 455 nm AL IS(E 7E 0. 05~0. 1FE I, LL455 nm G A
DU SE PG (26, s T =0 BE DDP i 7= %

d)x:chL%(Z_j)z (1)
KA AR 455 nm Kb IR ICAE 5 F O AR UG TRT R s n SR X N I BT 5 385 s ORI E; x BRI ET
DDP.
125 B#LH  AEFARIL—C SRR A& 2, 435307 T DMSO H B il Bk A 10 mmol/L
(IR, 2. B ERIEBEE HL A 2 DDP-HSA & SR , [ 2 min J5 HEAT 2GR .
12.6 HSAZ M5 B2 B HSA (10 pmol/L) FIA A ¥R FE i) GndHC1(0~6. 0 mol/L) 7E % i FF &
30 min J5 A DDP (10 pmol/L) , #£ 420 nm Y& & T Wl % ¢ 663 . K DDP (10 pmol/L) 5 HSA
(10 wmol/L) 7£ PBS ZZ 1 HH IR A 10 min, SR J5 A [ e & A IR EE A, JF7E37 CTFWEAE 1 h, 16
420 nm YGHUR T E DO

DDP (% '"H NMR 1 “C NMR 33§ [l LA S B A5 B A S 75 B B S1~ 4] S8.
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2.1 DDPRIHIEMR

SN T HRER DDP ZE ARV 7] Hp i 58 A0 - 0] IR E i o e e, g5 R 1 s . B 1(A)
FIRES R, #R%EF DDPFE 390~440 nm K75 Fl N A BLE A . 18 1(B) HR%EE DDP FEA [R5
H L 420 nm PEKOEHUR DEEERE , PR DDP 18 K & S 2R E Vs IR PR R3S R 208% . ik J2:
TSI LRI R SAE IO N AT R0, MR R FRAR . PR . PSSRl (A 1, 4-
THOSI) Y, DDP SR ST 9 473 nm, DEOGELES 5 AR SRR (AnPSER ) Hr, DDP POtk
SR 508 nm, DDP (1250 B WA ;. FEAR PR BT 50 (Cn — F SRR T, DDP 2t & S K
K527 nm, HAEI IR 5 AR BT A (AN ) o, 2R DDP A28 AR 55 .
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Fig.1 UV-Vis absorption(A) and fluorescence(B) spectra of probe DDP(10 pumol/L) in different solvents

2.2 5T DDP 34 HSA B¢ M bz

5L T HRET DDP X HSA 128 6 h 5 385 . K DDP(10 pmol/L) 73 51| 5 45 Flv g - LA S 24 5L 1R 1l
LT 26 (1% (100 pmol/L) R A, DL 420 nm M i &
o, 38 R e R AR RTE T DDP X AR
JBR R e 07 RN e . DR 2 AN Sab (LA S 37
FrfE O LIEH, 4 DDP 5 HE B T80 TRA
B, 2t IR B AR R, A2 A HSA J5
DRI T 7345 . MR R, A DDP X
HSA HA LAY £: 1 . 484 DDP X HSA 98
Wi 13 A B2 T 5 HSA Bk 23 s 45 45, DT PR

80 |

60 -

20

Aniiibnniannin

Relative FL intensity/a.u.
=
<
T

—

ﬁrﬁUTDDPQ¥*$%E"J)§?$§#I§H%TICT§&@ % 0 abecdefghijklmnopgqr
G, bR DDP 95 IA R RE S — L2 T Fig. 2 Fluorescence response and selectivity of
HSA A I Fy 28 ] R 7 B 20 SR BT R4 T 1 %) probe DDP to HSA

o, MWFESTOLA L H{E8) b r] LIE H DDP Xt a. DDP; b. Zn*; c. K'5d. Mg*;e. Fe*;f. Na®;
HSA FOFEJCIR L HE HE K S R AR RS, e G i G Mo b L 1 Gl

m. Arg;n. Lys;o. Trp; p. Thr; . MYO; r. HSA.

FEH] DDP S —Fp R ALY HSA K5I 2 e HRET .

E— il BREF DDP 5 HSA 45 515 286 7= R b 7 2o m i PERE . 2 BII T 44T
DDP #1 DDP-HSA & 4591 DL e SCik[ 21 1338 i#R4EE CD1 F1 CD1-HSA & A5 WI7E PBS 28 it Fh Y2 3 1
FrE . NFRE S2OAS S H 5 B AT LA H, DDP-HSA & &5 et 177 ik 5 4. 0%, 5 k[ 21]
3B EN CD1-HSA B AW e T 1% 1.6% M He A BE T, B DDPA S5 A5 i b A5 .

HE—LAFSE T DDP XS HSA FIZE G . 15 DDP R T in A HSA B, 4 & 3 & S5 s, Hife
536 nm AL ZEAES5FE 1 min B 3G58 , FLRER R840 Bon H RAFIOFEE, L2, DDP
A B HEBA HSA FAAER JLF-JE722 4k . 3X 3B DDP B2 I M )i FF46: I HSA.
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IEAN, pHAE AR Ak 2552 M 2 (1 03 43 F- I R T HLAr , DTS ) 2 11 o0 S ERET 45 G Re 1. IR, 45
5% T DDPFEAS[R] pH BREE T B i 435 . an P&l S6 (LA SCSZ #¢ 45 B0 FR , 78 pH=3~10 5 [l P, B8
HSA Ji5, DDP ({756 B850, FH7E pHAE Jy 3~6 F1 8~10 N JEAFa & , £HIHREN DDP HA T ke
FEVE, RERETERSDE Y pH (R BBl AN HSA. Bl0PE 2514 T B2 i B e i TR M A5, X P RE 2 i T
PEZE T HSA 13RI A B Z R i far, A2 3F T -5 DDP 5 HSA 945G Kt i .

——DDP 5
——DDP+HSA

a4l

103FL intensity/a.u
=
T
103FL intensity/a.u.
w
T

1 1 1 1
0 5 10 15 20 02 04 0.6 0.8 1.0
Time/min [DDP]/([DDPJ+[HSAY])

Fig. 3 Fluorescence response time of probe DDP Fig.4 Job’s plot of probe DDP and HSA
(10 pumol/L) to HSA(10 pumol/L)

2.2 5T DDP 3F HSA 8% Mk iz

R T BESRER DDP X HSA 2 ema i AL , SR 536 nm Ab (9 65 -5 DDP [AEE IR H ) pR ik
7 Job’s plot [&], {8 DDP 5 HSA (¥ B Z R 2R KPS, U HSA 5 DDP VR EE 1L, AR 192
S PE AN 4 Fis, 24[DDP /[ DDP+HSA B /R FLIk EI1 24 0. 5 F, 2 G Bk B (E , FHH 1 4~ HSA 4
T 514 DDP 454, BIREN DDP 5 HSA 45 & AT 12 1.

HSA %43 % DSTITA F48) 1 DS2 (A F38) A~ 245 A 002, EATTT LAZE A G DR . 2l

BERZG )%, RO T WA AN . N T 100 pmol/L

5E DDP 5 HSA F9Z5 4137 24, 3l 3 76 DDP-HSA & 4 or mo0woll
IR (DSTRORLARICD ATk F (Ds2 o 20 s o/l

FIAL AR IEY ) AT 1B RS . aniRl 5 K] ST R

(LA S HRA5 ) 7% L 400 pmol/L (177 ¥ 25 0] LA 2 s

K 42 A4 DDP-HSA B3 , 31284 41% = of

AR e 2 b A R DDP-HISA B9 N —
S T AR IS B T DS2 4541 DDP, T fEvEpk Site 1 Site 2

N5 DS1454, % DDP-HSA 9 YA 520, X FESE Fig. 5 Substitution experiment of DDP-HSA
T DDP F2454 2 HSA [ DS2 37 /. with site-bound reagents

PE—AE HSA ZE P AN 2B A B2 A 4514 T WF9E T 8% DDP X HSA 17 6 o7 . i A 25 1 Joi 28 4 7
ERFRIK(GndHC) AL HSA W RS SR = g abipey, aniel 6 (A) FlE] S8 (LA SC #5458 i, Bl GndHCI ¥k
8 8

A) 1 DDP+GndHCI (B) DDP+HSA+Trypsin
(7 DDP+HSA+GndHCl

(=2

B,

I.

\ N

I

N\

o
T

103FL intensity/a.u.
[3S] =~
T T

1073FL intensity/a.u.
.
T

0 2 4”“ 6 0 100 200 300 400
¢(GndHCl)/(mol- L") ¢(Trypsin)/(ug-mL™")
Fig. 6 Fluorescence intensity of DDP-HSA in the presence of 0—#6. 0 mol/LL GndHCI(A) and
0—400 pg/mL Trypsin(B)
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FERIASWT 55, DDP-HSA &4 W) B9 65m BE B i A1, B HSA B R 50 i IR 25 52 8% DDP 5
HSA (045G By ami Ny . JHRER 1 (Trypsin) & — P 22 2R 8 11, 38 1o 7K f it 22 IR FIORS 2R R SE 1 2
FRVIFEI ZRREE , ] LAZYE HSA &1, eI —2i45y . anEl 6(B) FlET S8 (LA SCZHHE B R,
Biti 5 JR 2K R B (R 34 1, DDP-HSA &2 A9 Gtk FE 2 Wi A%, 220 HSA A9 24/t 2 B2 P84T DDP
55 HSA IZ5-G B G Ry .

T34, It BT 2 BT T DDP(10 wmol/L) 5 HSA Z [R5 S ni PERE . DL PBS 28 Mg/
1, [ DDP IR I A [ FE (R HS A, 38 1 i

TE AT RSO VA T P 2o j] W

Wil PR RE . 45 R AR 7 R, Bl HSA MR Y Tt 2 slHsa ]!

=, 536 nm Ak f 9 S B B T O L 76 A 14 £ 4l e

pmol/L HSA R , FOLHIE A BB RAMOHET 2 i
E— 2P TR E N 4% DDP 55 HSA 26k LY 2

I B Y £ P G 3%, AT 8 (A) BT/, 7E 536 mm A £ S e———

PEIGIR B 5 HSA Wk A AL S I R AF IR MG & J/nm

WA LOD=30/k (o R E 10 R4S AR AE 536 Fig.7 Fluorescence spectra of probe DDP

nm A9 G IR 1 FR E R 22 ) 1158453 DDP %F HSA (10 pmol/L) in response to different

HORS HBR (LOD) 5 %) 40. 32 nmol/L. [’ 8(B)/RH T concentrations of HSA

(Fmax B FO)/(F B FO)=1/(K3>< [HSA] )+1 5 1/[HSA] {1 Inset shows the fluorescence intensity vs.

[HSA] curve at 536 nm.

RS R, Horh FORE DDPEROH AT

TR FE HSA JG7E 536 nm AL PP GIREE 5 F W TE DDP YW A HSA J5 536 nm &b 1728 5 B ft KA 5
F, i AFE DDP ¥ % H /in HSA B 536 nm Zb 1998 658 B . 28115515 B4R 41 DDP 5 HSA 945 & % 4L
K,=3.95x10° L/mol.

451H(A) 1-675.0956x+961.9155 L8FB) = 5315x10-x+0.9368
ol R=09872 R=0.9918 {
s _ 16F  K.=3.95x10° L/mol
= >
\% 35 E
£ 30f < 14
8 5
| s
— &
T oo} S
=
I5F 1.0+
10 1 1 1 1 I L L L L L
1 2 3 4 5 0 5 10 15 20 25
c(HSA)/(yumol L") 10-“c-'(HSA)/(L- ol ")

Fig. 8 Variation curve of fluorescence intensity at 536 nm with HSA concentration(A) and linearity of

(F,...—F)(F-F ) versus 1/[HSA](B)

max

3 &

DL 4-( — F G ) S i 451K (D) , 3,4- —HVAR R R i T2 AR (A) , BEHE L T —Fib
FHT I HSA 1) D-7r-A B AL /R B9 EHREE DDP. 25T 5 HSA WA 1 J5 9O i E3858R 73 4%, S+
R R R 0. 2% 38 KR 4. 0%, 5 3CHR[21 JHi3E 19 CD1EREF 2t 777K (1. 6% ) tH LA B 18
Th . AZGEERXT HSA i i B B (<1 min) . BEFEPELT | RAUE &7, K H BRAGZE 40. 32 nmol/L. Z#REH 5
HSA ES A LSRR DS2 X, 5Bkttt 101, 258 W EK =3. 95%10° L/mol. £5 I, R4+ DDP AJ 52
PUXT HSA F 5 AL | Sk B PEAGI , A HSA YDA $ 4 TRt S T 1L
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