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Aqueous Synthesis of Near—Infrared CdTe Quantum Dots for Biothiols
Detection in Biological Fluids
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(College of Laboratory Medicine, Tianjin Medicine University, Tianjin 300203)

Abstract As well known that conventional aqueous synthesis of the near-infrared (NIR) CdTe quantum dots (QDs) using
thiol ligands as capping reagents is usually very time-consuming. To overcome this defect and prepare NIR CdTe QDs, we
present a fast and facile route in aqoueous phase under atmospheric pressure using L-cysteine (L-Cys) as capping reagents.
The influences of various experimental conditions on the growth rate and luminescent properties of the obtained CdTe QDs
have been systematically investigated, including Te-to-Cd ratio, L-Cys-to-Cd ratio and pH value. The experiment results
suggested that lower ratio of Te : Cd or L-Cys : Cd and high pH value would markedly shortened the reaction time. Fur-
thermore, the obtained QDs were used as a kind of NIR fluorescent probes for thiol detection in biological fluids. The change
in the fluorescence intensity of the NIR CdTe QDs in the presence of 5.0 umoleL ™" homocysteine (Hcy), L-Cys or glutathione
(GSH) with different interaction time was measured. The effect of pH on the enhanced fluorescence intensity of the NIR
CdTe QDs (10 mgeL ') at 5.0 pmolsL ™' Hey, L-Cys or GSH and the fluorescence responses of NIR CdTe QDs to 20 essential
amino acids (5.0 umolsL ™" for L-Cys, 5.0 mmoleL ' for the other 19 amino acids) in pH 7.0 PBS buffer was investigated.
The probe offered good sensitivity and selectivity for detecting L-Cys, Hcy and GSH in the presence of 20 other amino acids,
main relevant metal ions, and some other molecules in biological fluids. The recovery of spiked 5.0 pmoleL ™" thiols in human
serum and cell extracts ranged from 90% to 109%. The precision for 11 replicate measurements of the thiols at 5.0 pmoleL ™
is in the range of 2.4%~3.3%. The detection limits (3s) for L-Cys, Hcy and GSH are 43, 46 and 63 nmolsL ™', respectively.
For real sample measurement, four serum samples and cell extract sample from two cancer cell lines (Hela and HepG2) were
chosen and the analytical results were comparable with HPLC assay.
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Figure 1 (A) Fluorescence spectra of different reflux time from 5 to 70 min; (B) Influence on the PL peak of CdTe QDs during the reflux of the reaction
solution under different L-Cys to Cd molar ratios; (C) Temporal evolution of the PL peak of CdTe QD growth under different Cd to Te molar ratios; (D)
Temporal evolution of PL peak of CdTe QDs at various pH values of 9.0, 10.0, 11.0, 12.0 and 13.0 and at the L-Cys to Cd molar ratio of 1.0
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Figure 2 (A) The fluorescence intensity stability of QDs in 120 h. (B)
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2.5H,0. HCI. L-Cys. NaOH. KCI. NaCl. CaCl,. MgCl,.
JREE RS PURMER . A7 1R . A IR A LR R
AT E R R EA R FD), Hey(Sigma-Aldrich), GSH
A Z 3 B (AL O T R A DB AR AT BR 2 7).

1 1% 2k 22 vh W (PBS) (137 mmolsL ' NaCl+2.7
mmoleL ™" KCl+10 mmolsL™' Na,HPO;+2 mmoleL ™"
KH,PO,)IMEC & : F 800 mL Z&1%/K¥fi# 8 g NaCl, 0.2 g
KClI, 3.58 g Na,HPO,*12H,0 1 0.24 g KH,PO,. "1
#, FHHCLH pHAEE 7.4, IAKE 1 L. BHRAE T
WA .
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% F F HK | #REX
HK2 IBRRERAE R
Table 2 Analytical results for biothiol in real samples detected by two independent methods
Samples Analyte Our method/(umolsL ') RSD/% HPLC/(umolsL ) RSD/%
Cys 793+1.8 2.27 782+13 1.66
Serum 1 Hcy 28.4+0.7 2.46 26.410.8 3.03
GSH 227.6+11.3 4.96 231.7+133 5.74
Cys 66.8+1.2 1.80 68.5+1.1 1.61
Serum 2 Hcy 255+0.5 1.96 23.6+04 1.69
GSH 2324+13.2 5.68 228.61+10.6 4.64
Cys 942+1.9 2.02 97.1t14 1.44
Serum 3 Hcy 24340.7 2.76 22.84+0.7 3.07
GSH 198.8+12.6 6.34 209.3+11.4 5.45
Cys 85.3+2.1 2.46 88.2+0.9 1.02
Serum 4 Hcy 25440.7 1.48 232405 2.16
GSH 207.5+14.2 6.84 212.54+10.5 4.94
Cys 774+1.1 1.42 75.6+1.4 1.85
Hela Hcy 27.1+0.4 1.48 26.6+0.8 3.01
GSH 222.14+10.6 4.77 205.4+11.2 1.23
Cys 103.5+1.7 1.64 105.5+1.3 1.23
HepG2 Hcy 2444+0.7 2.87 23.24+0.7 3.01
GSH 189.4+12.8 6.76 199.2+10.2 5.12
42 &M ARG EERRIE IR, f5) ] PBS Fike 24 11

CdTe T M S % T SOk PO T 80,
BFEH CdClLy»2.5H,0 FIHTEE & Mfs S AL (KHTe) K
WA AR T Cd(ClOy4),22H,0 HT HyTe S4K, 1 Cd*F,
Te*, L-Cys N 4 1 104 RV 1 h fedburer b
CdTe &7 AMEK. HARDBUT:

KHTe ¥ 70 B A S # AT Skl = ) O,
KN, IMAYRAELL S 2 01 () KBH, S5##(0.75
mmol), A 3.0 mL [EEFIK, BiHiHT 20 Cx
IO BRG0P IR JE M, il KHTe 7K.

Bt CdClL, 5 L-Cys Mfiti&%: 4 0.02 mol 1
CdCl,+2.5H,0 #1 0.02 mol 1) L-Cys FC/%Z) 300 mL /K%
W, LL 1 moleL 'NaOH ¥ 1H4Y pH & 12.0. [RIHi4AF
TFARM A CdTe &7 5 BUEIREC T fif #5100
mL, 4T 30 min BREA, EEARY R KHTe
B 1.0 mL, 100 CMHIFXMN 1 h, fF3IUTL058 KRG
CdTe =T A1.

4.3 ZRHESR

LT R ity Eh DY A RT A b A5 R S B B 0, K
LRG0 Wi Eh R S5 M R FH T AN ST B 1t
TR AR 20 fis. NS0 AN PR (Hela) 41 bk
(HepG2)F5 FR4ES 10%JIR2- 1115 1Y) DMEM £ 78341k
F 70%~80%F e K, FrARIFRIL, H 0.25%E (1
WeEELn . R4 PBS SRl (pH="7.4) I e
FEAE AT N TR RN e N AR B BRI R, FH KA
(1) PBS b=k, MM, B0, R BT,
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4.4 TWHMALE

i) 10 mL ELa 3 Fh i 0.1 mL CdTe T 4041 45
W (1.4 gL', Z4i4k). 1.0 mL PBS (0.1 moleL™",
pH=7.0)f1—E B M. HmaikmB e AEs T
KRN 10 meeL !, fEBUR K 500 nm RS9 K
750 nm 844 e 5% 6.
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