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Reaction—Based Ratiometric Fluorescence Probes For Dopamine Detection
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(“ Institute of Chemistry Chinese Academy of Sciences, Beijing 100190)
(® University of Chinese Academy of Sciences, Beijing 100049)

Abstract Dopamine (DA) is one of neurotransmitters in the human central nervous system and plays a very important role
on human behavior and brain function. It is necessary to detect dopamine and determine its concentration in organism. Of all
the dopamine detection methods reported, fluorescence probes exhibit high efficiency, considerate specifity and potential for
real-time detection. Considering the high quantum field and strong trend to form an excimer of pyrene fluorophore, a fluo-
rescent probe hydroxy(mesityl)(pyren-1-yl)borane (HMPB) based on pyrenyl boron compound was designed, synthesized
and utilized in dopamine detection. In the phosphate buffer solution (PBS) with the aid of surfactant decyltrimethylammoni-
um bromide, the water-insoluble HMPB could show two fluorescent bands: a monomer band of peaked at 388 nm and an
excimer band peaked at 484 nm. The solubility of HMPB improved after addition of DA because it could react with HMPB to
form a new compound HMPB-DA and it is better to dissolve in water. The excimer pyrenyl, therefore, gradually dissociated
to generate monomer pyrenyl. Accordingly, as the addition of DA, fluorescent intensity at 484 nm (/484 ,m) decreased, while
intensity at 388 nm (/g5 ,y) increased. Within 10 min, the fluorescence intensity reached saturation and the ratio of Z3gg oy, t0
Iyg4 o have great changed after adding dopamine. HMPB exhibited significant fluorescent response when the concentration
range of DA is 10 nmol/L to 600 nmol/L in 10 min, which matched the physiologic concentration of DA. The ratio of 3¢5 ym
to Iyg4 nm could be utilized to determine the concentration of dopamine. The detection limit of HMPB was as low as 14.6
nmol/L. HMPB showed no response to common amino acids, saccharides, proteins, ions, catecholamin and other bioactive
molecules, even if the interference molecules were at high concentrations. Meanwhile, HMPB can be used to detect dopa-
mine in urine of organisms. With fast response, high sensitivity and accuracy, HMPB represented considerable potential to act
as a DA detector in physiological environment, which could become a promising tool in biochemistry, molecular biology and
diagnostics investigation.
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A4%(0.14 mol/L) R MG 1477, Ae=365 nm
Figure 1 Time-dependent fluorescent spectral changes of 10 pmol/L
HMPB after the addition of 2 umol/L DA in 0~10 min. Data were ac-
quired at 25 ‘C in 100 mmol/L PBS (pH 7.4) with decyltrimethylammo-
nium bromide (0.14 mol/L) as a surfactant. 1x=365 nm.
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Figure 2 Fluorescence spectra of HMPB (10 umol/L) before and after
addition of DA. Data were acquired at 25 ‘C in 100 mmol/L PBS (pH
7.4) with decyltrimethylammonium bromide (0.14 mol/L) as a surfactant.
Aex =365 nm.
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Figure 3 Concentration-dependent fluorescence spectral changes of 10
umol/L HMPB after the addition of 10~600 nmol/L DA in 10 min: rela-
tionship between /[3ss nm/lssa nm Of HMPB and concentration of DA added.
Data were acquired at 25 C in 100 mmol/L PBS (pH 7.4) with
decyltrimethylammonium bromide (0.14 mol/L) as a surfactant. .,=365
nm
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Figure 4  I3g5 nm/lssa nm of HMPB after addition of DA (2 pmol/L) and
interference reagents (0.5 mmol/L) in 10 min. Data were acquired at
25 C in 100 mmol/L PBS (pH 7.4) with decyltrimethylammonium
bromide (0.14 mol/L) as a surfactant. A,=365 nm

1. Blank control, 2: Arg. 3: His. 4: Lys. 5: Ser. 6: Gln. 7: Cys. 8: Tyr. 9: Trp.
10: Gly. 11: Hey. 12: Glu. 13: GSH. 14: glucose. 15: KI. 16: NaCl. 17: MgCl,.
18: CaCl,. 19: BSA. 20: AA. 21: ATP. 22: ADP. 23: L-DOPA (10 umol/L) . 24:
NE (10 pmol/L). 25: DA.

2.6 REHEPRIBIE RIS BERHINE R

A AR ) 22 IRV B R 1 22 S5 (R 2 W da b,
R RIRAB T T AE A A 12]&{&43 HMPB ¥ 2 (L& (1) i
N FATEI T & A — € & 2 E &0 RBAE Rl 14
#. ﬁ%ff_ﬁi‘?ﬁﬁi%*ﬂﬂké‘ﬁ?@ﬁ?ﬁﬁ%ﬂﬂ‘] HMPB
W, ARG 2 KA, #0l 20 min /Y HMPB
KAWL, SLRERERMAZ BTG,
L3gg nolLaga om 2T 2 554 (B 5). A ELAE SR MRS,
TEPRIEH HMPB X 2 Pl B b gz 1, Hon ge )
Jo DAL PR & A R, At mT DS 28132 1 i P 771
ITEH, &R HMPB 52 T OB EL g, & T
b, SEGEE U HMPB W] DUTE A A AR A 4G AR
Z .

3 g
ARSCBET AT A 2 R A 1 LU e R B

http://sioc-journal.cn 595



=

25

/1
388 nm 484 nm
o
= w
H

/

o
n

HMPB HMPB+DA

B 5 JjnA DA (10 umol/L)/F 20 min I}y HMPB (10 pmol/L)H]
Ligg nndLaga o 2ACTEDL, PRIEH, 2855 = I IRALE2(0.14 mol/L) MR T
TEVEF, =365 nm

Figure 5 g5 nm/lss4 nm changes of 10 umol/L HMPB after the addition of
10 pumol/L DA in 20 min and in urine with decyltrimethylammonium
bromide (0.14 mol/L) as a surfactant, Aex =365 nm
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min, JFEFR, HPEER. SREMA 20 mL #EhAER, 4k
ZEFFE 0.5 he SR 3 Ik, WUERA LM, Hli+
WG A e S i, BRI 067 g, 1.9
mmol, 7*F A 96%. 'H NMR (400 MHz, CDCl3) 6: 9.214
(d, J=12 Hz, 1H), 8.302 (d, /=10 Hz, 1H), 8.268 (t, J=8
Hz, 2H), 8.197 (t, J=8 Hz, 2H), 8.140 (d, /=8.0 Hz, 1H),
8.09 (d, J=8 Hz, 1H), 8.062 (t, J=12 Hz, 1H), 6.975 (s,
2H), 6.346 (s, 1H), 2.417 (s, 3H), 2.332 (s, 6H); *C NMR
(100 MHz, CDCly) d: 138.27, 136.19, 135.72, 133.80,
131.13, 130.64, 128.87, 127.56, 127.42, 125.73, 125.44,
125.40, 124.73, 124.63, 124.27, 22.20, 21.25. GC-MS m/z
calcd: 348.17, found: 348.
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