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Sensing biomolecules such as heparin sodium and lysine is of great significance. In this work, a “turn-off-
on” fluorescence switching of cadmium telluride quantum dots (CdTe QDs) was designed for both
heparin sodium and lysine. Even though both heparin sodium and thioglycolic acid (TGA)-capped CdTe
QDs are negatively charged, they are capable of forming self-assembly and even aggregates through
hydrogen bonding, depending on the concentration of heparin sodium, which leads to the sensitive
fluorescence quenching of CdTe QDs. Thus, a fluorescence ‘turn-on’ analytical method for heparin
sodium sensing could be established with the detection range of 0.200 pg/mL-5.000 pg/mL and the
detection limit was 0.033 pg/mL, which is applicable to determining heparin sodium in injection. What’s
more, a sensitive and selective “turn-off-on” nanosensor was developed for lysine analysis with the
detection range of 2 umol/L-200 umol/L and the detection limit as low as 0.146 umol/L. This approach
offers a new, simple, fast and selective method for determining heparin sodium and lysine.

1. Introduction

Quantum dots (QDs), a kind of semiconductor nanocrystal, have
attracted great attention in chemical and biological fields owing
to the unique optical properties, such as high quantum yield, low
photobleaching, long fluorescence lifetime, broad absorption and
tunable emission,' depending on their size.” ¢ Traditionally,
thioglycolic acid (TGA) is functioned as a ligand to form a
capping shell on the surface of CdTe core,” which provides
sufficient repulsive force between CdTe QDs.* ? It is also
reported that TGA is possible to enhance the specificity to the
target.

Heparin sodium is a highly negatively charged linear sulfated
glycosaminoglycan (GAG).'"’ Structurally, GAG is sulfated
disaccharide repeating units, which consists of predominantly
iduronic acid, minor glucoronic acid and glucosamine, so that
heparin sodium is rich in sulfonic acid groups and secondary
amine groups, as well as hydroxyl groups.'' Heparin sodium,
which is extracted from porcine or bovine intestinal mucosa, is
one of the most effective and widest clinical anticoagulant drugs
with its extensive medical applications, such as anti-thrombotic
infarct and suppresses tumor growth.'” The therapeutic dosing
concentration range of heparin is 2-8 U/mL (10.8-43.2 pg/mL)
during cardiovascular surgery and 0.2-1.2 U/mL (1.08-6.48
pg/mL) in postoperative and long-term therapy. Therefore,
controlling the amount of heparin sodium during the surgery
especially for postoperative and long-term care patients in
anticoagulant therapy is crucially significant.'”® Recently, a
variety of methods have been developed for heparin sodium
sensing, such as colorimetric assays'’ spectrophotometry,'

phosphorescence,'® fluorescence'® methods. and light scattering

technique.”” By now, gold nanoparticles and cationic

polythiophene have been employed to determine heparin sodium
so by absorption or colorimetric assays. Other materials, such as
rhodamine B-modified polyethyleneimine/graphene oxide'® or
gold nanoclusters/protamine,'’ have been applied to sensitive and
selective detection of heparin sodium by fluorescence or
phosphorescence. However, more simple, accurate and rapid
assays for heparin sodium sensing with high sensitivity and
selectivity is still highly desirable.

Structurally, it is possible to form hydrogen bonds between
heparin sodium and TGA-CdTe QDs with =N-H—O-C- or —-O-
H—O-C-2"%2 In the first part of this work, it was found that
¢ CdTe QDs were easy to aggregate in the presence of heparin

sodium via hydrogen bonding, resulting in the fluorescence

quenching of CdTe QDs. Thus, it was propitious to avoiding

other negative charge disruptor. Based on this mechanism, a

simple, rapid, sensitive and selective method for heparin sodium
6s detection was established.

Following, a turn-on fluorescence sensor was developed for
lysine sensing. As one of essential amino acids, lysine is a
significant component of animals or human.*> ** Lysine plays
important roles in synthesis of protein and polyamine,” as well as
adjusting the somatotropic hormone in human body.*® If lysine is
not able to normally metabolize, it would trigger a lot of clinical
symptoms, such as saccharopinuria and glutaric aciduria.”’
Therefore, it is vital to detect the concentration of lysine
accurately. Usually, it is detected by liquid chromatography®® *
7s and colorimetric assay,” *° as well as fluorescence analysis.*'

Compared with the above methods, the fluorescence ‘turn-off-on’
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aasay is simple, selective and sensitive with the low background
for lysine analysis. As far as we are concerned, lysine possesses
two NH;" groups to compete heparin sodium from CdTe
QDs/heparin sodium complex via the electrostatic interaction. In
the latter part of this work, it was found that fluorescence
recovered after the introdution of lysine into CdTe QDs/heparin
sodium mixture. Therefore, a simple, low-cost, sensitive, and
selective assay for lysine sensing has been developed with CdTe
QDs/heparin sodium complex as optical probes.

2. Experimental section
2.1 Materials

Heparin sodium salt (185 IU/mg), D/L-lysine, cadmium,
tellurium, thioglycolic acid were purchased from Aladdin
Reagent Co., Ltd. (Shanghai, China). The molecular weight of
heparin sodium was determined by disaccharide (644.2 g/mol).
All other chemicals not mentioned here were of analytical grade
purchased from Chengdu Kelong Chemical Reagents Factory
(Sichuan, China), and were used as received without further
purification. All aqueous solutions were prepared with ultrapure
water (18.2 MQ/cm).

2.2 Apparatus

Fluorescence spectra were scanned with an F-2500 fluorescence
spectrophotometer  (Hitachi, Tokyo, Japan), and UV-Vis
absorption spectra were performed with a UV-3600
spectrophotometer (Hitachi, Tokyo, Japan). A high-resolution
transmission electron microscope (TEM) (FEI Company, USA)
and Zata nanosizer (ZEN3600, Malvern) were used to
characterize CdTe QDs. Functional group analyses were carried
out with a Fourier transform infrared spectrometer (FTIR-8400S,
Toyota, Japan).

2.3 Synthesis of TGA-capped CdTe QDs

Water-soluble TGA-capped CdTe QDs were synthesized as
described in previous report with slight modifications.*? Briefly, 1
mmol CdCl,-H,O was dissolved into 100 mL deionized water in a
three-necked flask. Then, 166 uL TGA was dispersed in 20 mL
water, which was dripped slowly into the flask. Next, cadmium
precursor was prepared by purging nitrogen for 30 min after pH
was adjusted to 9.0 with 1 mol/L NaOH. Followingly, 0.5 mmol
tellurium and 1.68 mmol NaBH, were quickly poured into a
single neck flask that contained 3 mL ethanol and 1 mL water.
Tellurium precursor was obtained by nitrogen purging for 30 min
after incubation at 50 °C for 1 h, and then were quickly injected
into cadmium precursor under vigorous shaking and refluxed at
100 °C under open-air conditions. TGA-capped CdTe QDs could
be obtained with desirable emission properties via controlling the
reaction time.

2.4 Optimizing conditions for heparin sodium detection

To optimize concentrations of TGA-capped CdTe QDs, 100uL of
heparin sodium (20 pg/mL) and different concentrations of CdTe
QDs were diluted with ultrapure water till the final volume to 1
mL and standing for 3 min. Besides, to optimize reaction time,
the fluorescence intensity was recorded after mixing CdTe QDs
(1 ug/mL) with heparin sodium (2 pg/mL) for different time.

The resulting solutions were investigated by fluorescence
spectra at room temperature with excitation wavelength at 300
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nm, and both the excitation and emission slit widths were set at 5
nm.

2.5 The general procedure of detecting heparin sodium

CdTe QDs (100 pL, 10 pg/mL) and different amounts of
heparin sodium were added in a microtube (1.5 mL) successively,
then diluted with ultrapure water to 1 mL and vortexed
thoroughly. After standing for 3 min, the fluorescence spectra of
resulting solutions were scanned at room temperature with
excitation wavelength at 300 nm, and both the excitation and
emission slit widths were set at 5 nm.

2.6 The detection of heparin sodium injection samples

The heparin sodium injection samples (Tianjin Biochem
Pharmaceutical Co., Ltd.) were diluted 20,000 times with
ultrapure water before detection. 100 pL injection sample and 100
pL CdTe QDs (10 pg/mL) were diluted with H,O to 1 mL. The
fluorescence intensity was recorded and the concentration of
heparin sodium in the heparin sodium injection could be
calculated according to the standard curve method.

2.7 Optimizing conditions for lysine detection

In order to obtain a sensitive response for the detection of
lysine, the optimal concentration of heparin sodium was
considered. 100 pL CdTe QDs (10 pg/mL), 100 pL of lysine
(1x10™* mol/L) and different concentrations of heparin sodium
were diluted with ultrapure water till the final volume to 1 mL.
After standing for 3 min, the fluorescence spectra of resulting
solutions were recorded at room temperature with excitation
wavelength at 300 nm, and both the excitation and emission slit
widths were 5 nm.

2.8 The general procedure of lysine analysis

100 pL CdTe QDs (10 pg/mL), 100 pL heparin sodium (50
pg/mL) and different amounts of lysine were successively added
into a microtube (1.5 mL). Then the mixture was diluted with
ultrapure water to 1 mL and vortexed thoroughly. After waiting
for 3 min, the fluorescence spectra of the resulting solutions
studied at room temperature with excitation wavelength at 300
nm, and both the excitation and emission slit widths at 5 nm.

3. Results and discussion
3.1 Characterization of CdTe QDs

The CdTe QDs were prepared by wet-chemical method with
CdCl,-H,0, tellurium and thioglycolic acid, thus the surface of
the obtained CdTe QDs was covered with carboxylate groups,
which were orange in visible light, and displayed a yellow
emission under a UV light at 254 nm or 365 nm.

Fig. 1a illustrates the absorbance and fluorescence spectra of
CdTe QDs, since absorbance and fluorescence spectra were
powerful tools to confirm quantum-confined property of
semiconductor QDs. The fluorescence excitation spectrum of
QDs showed no any characteristic peak, which was consistent
with broad wavelength absorption in the UV-Vis absorption
spectrum. The maximum emission intensity at 565 nm was
obtained at the excitation of 300 nm. Fig. 1b shows TEM images
of CdTe QDs with the interplanar spacing of CdTe QDs was 0.36
nm and the average size about 4 nm.
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Fig. 1 Characterization of TGA-capped CdTe QDs. (a) Spectral features
of CdTe QDs. (b) TEM images of CdTe QDs. The inset displays an
enlarged image of region marked by a white pane and the size distribution
of CdTe QDs, respectively. Scale bar: 50 nm.

3.2 Mechanism for detection of heparin sodium and lysine

The “turn off-on” fluorescence switch for heparin sodium and
lysine analyses is presented in Scheme 1. The TGA-capped CdTe
QDs are well dispersed and highly fluorescent. However, the
introduction of heparin sodium into the TGA-capped CdTe QDs
results in the aggregation and fluorescence quenching of CdTe
QDs. The quenching is attributed to the aggregation of CdTe QDs
by the hydrogen bonding between heparin sodium and TGA-
capped CdTe QDs, since TGA-capped CdTe QDs are abundant in
carboxylate groups, while heparin sodium is sulfate
glycosaminoglycan segment, so it is easy to form hydrogen bonds
between N-H from the sulfated glycosaminoglycan and C-O from
the carboxylate groups.*?? The aggregated CdTe QDs become
dispersive again when lysine is present in the mixture of CdTe
QDs and heparin sodium because of the strong electrostatic
interaction between lysine and heparin sodium, leading to the
fluorescence recovery of CdTe QDs.

Scheme 1 Schematic representation of heparin sodium and lysine
detection based on “turn off-on” fluorescent switch of CdTe QDs.

In order to confirm that this fluorescence quenching resulted
from the hydrogen-bond interaction, the FTIR spectroscopy was
employed to investigate the functional groups. Fig. 3a shows the
FTIR spectra of CdTe QDs, heparin sodium and heparin sodium—
CdTe QD. The bands assigned to the vibration of O-H and N-H
for heparin are at 3452.72 cm'and 1037.70 cm™', respectively,
which shift to 3441.01 cm’ and 1029.99 cm™ when the
CdTe/heparin complex is formed. The peaks at 3448.72 cm™ and
1631.78 cm™ are attributed to O-H and C=O vibrations of the
carboxylic groups on the surface of CdTe QDs, which shift to
lower wavenumbers. Thus, this can be explicated by the strong
hydrogen bonding interactions between the heparin and CdTe
QDs.?* 33 3% As mentioned in Fig. 1a, it presented a downward
curve without characteristic peak for CdTe QDs. For heparin
sodium, it showed no absorption from 250 nm to 600 nm.
However, the mixing of CdTe QDs and heparin sodium led to a
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reduction in the UV-Vis absorption spectrum of CdTe QDs,
which is possible to result from the aggregation of CdTe QDs
(Fig. 2b).
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Fig. 2 (a) FTIR spectra. (b) UV-Vis absorption spectra. Concentrations:
CdTe QDs, 1 pg/mL; heparin sodium, 2 pg/mL.
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Fig. 3 (a) Zeta-potential before and after added heparin sodium into CdTe
QDs. (b) Lifetimes of steady-state fluorescence of CdTe QDs.
Concentrations: CdTe QDs, 1 ng/mL; heparin sodium, 2 pg/mL.

Furthermore, the changes of Zeta-potential and steady-state
fluorescence lifetime were performed to discuss the mechanism.
As shown in Fig. 3a, the negative potential of the TGA-capped
CdTe QDs and heparin sodium were -22.5 mV and -41.2 mV,
respectively. When mixed, the Zeta potential of mixture was -
24.8 mV, indicating that the binding between CdTe QDs and
heparin sodium is not caused by electrostatic interaction. On the
other hand, there was not obvious change in the fluorescence
lifetime of CdTe QDs, which just increased from 45.9 ns to 50.9
ns (Fig. 3b). Therefore, it was extremely likely to be static
quenching by aggregation. These results demonstrated that the
CdTe QDs were induced to assembly or aggregate via
hydrogen-bonding between heparin sodium, and thus the
fluorescence of CdTe QDs was quenched.

3.3 Sensitive and selective detection of heparin sodium

In order to gain a sensitive response for detecting heparin
sodium, the optimizations of TGA-capped CdTe QDs
concentrations and reaction time were carried out, respectively.
The fluorescence quenching capability of heparin sodium to
various concentrations of CdTe QDs was considered (Fig. S1,
ESIt). With increasing the concentration of TGA-capped CdTe
QDs, the fluorescence intensity was enhanced gradually, while
quenching effect was weakened gradually. 1 pg/mL CdTe QDs
were employed for the following work to obtain a relatively high
quenching effect. Then, the fluorescence intensity of CdTe
QDs/heparin sodium mixture was recorded for 10 min, which was
decreased gradually. In the other words, the quenching effect was
enhanced with extending the reaction time, and it reached the
maximum within 3 min, which is applicable for the rapid sensing
of heparin sodium (Fig. S2, ESI¥).

Fig. 4 depicts the fluorescence intensity of CdTe QDs mixed
with different concentrations of heparin sodium, which was
quenched gradually owing to the aggregation of CdTe QDs. The
inset of Fig. 4 shows the linear plot of fluorescence quenching
effect versus heparin sodium concentrations, which could be
expressed as (Io-I)/1;=0.0076+0.1789¢ (R?=0.9926), wherein I, is

This journal is © The Royal Society of Chemistry [year]
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the fluorescence intensity of CdTe QDs, and [ is the fluorescence
intensity of CdTe QDs /heparin sodium mixture, and c is the
concentration of heparin sodium. The linear response toward
concentration of heparin sodium ranges from 0.2 to 5.0 ug/mL

s with the limit of detection as low as 33 ng/mL (3c/k). In
comparison with other assays for heparin sodium (Table S1), this
proposed method presents high sensitivity.

800
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Fig. 4 The fluorescence quenching of TGA-capped CdTe QDs with

10 different concentrations of heparin sodium. The inset displays the linear
plot of fluorescence intensity quenching versus heparin sodium
concentrations. Conditions: CdTe QDs, 1 pug/mL; Aem, 565 nm; Aey, 300
nm; ¢, 3min.
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15 Fig. 5 Selectivity of heparin sodium over other substances. Conditions:
CdTe QDs, 1 pg/mL; heparin sodium, 2 pg/mL; Mg** and Ca*, 0.2
mmol/L; other substances, 2 mmol/L; Aem, 565 nm; A, 300 nm; ¢, 3min.
The inset images were TGA-capped CdTe QDs with the corresponding
substances under a 365 nm UV light source.

20 This fluorescence assay presented high selectivity for heparin
sodium detection, even if they were kept at a concentration more
than 100 times higher than heparin sodium.'® The selectivity was
analyzed by monitoring the fluorescence quenching responses of
CdTe QDs upon addition of heparin sodium or other coexisting

»s substances, including Br, Ca?, CH;COO", CI', K*, Mg®", Na’,
NH,", SO,%, alanine, glycine, lysine, glucose, sucrose. As shown
in Fig. 5, other ions and amino acids presented minor or
negligible restoration effects on the fluorescence intensity of
CdTe QDs, which confirmed that the high selectivity of CdTe

30 QDs probes towards heparin sodium was owing to the specific
hydrogen bonding.

In order to demonstrate the practical application of the
fluorescence assay, heparin sodium in injection samples was
detected with our proposed method. The heparin sodium injection

35 it was diluted 20,000 times with ultrapure water for final
detection, which obtained similar results to the labelled

concentration (Table 1). The results obtained by standard addition
method showed that recovery reached to 100+5% (not shown
here), suggesting that the proposed assay for heparin sodium
analysis was feasible.

Table 1 Results of heparin sodium determination by this method
in real samples

No.  Heparin sodium Mean RSD(%) Labelled
found (IU/2 mL) (IU/2 mL) (n=5) (IU/2mL)

1 13126, 13030, 12999, 12614 49 12500
12185, 11730

2 13141, 13009, 12529, 12584 4.1 12500

12408, 11831

w
a

=
S

=
a

The injection samples were diluted 20000 times before determination
(185 IU=1 mg). Conditions: CdTe QDs; 1 pg/mL. len=565 nm; Ae=300
nm; ¢, 3min.

3.4 Sensitive and selective detection of lysine

It was found that lysine could not induce the quenching of CdTe
QDs fluorescence; however, it could the recover CdTe QDs
fluorescence that quenched by heparin sodium, which probable to
develop for lysine sensing. It is noticeable that the off-on
fluorescence process induced by lysine was conducted after the
fluorescence quenching by heparin sodium, thus, the
concentration of heparin sodium was an important parameter for
the sensitive detection of lysine, which was essential to optimize
(Fig. S3, ESIt). It showed that fluorescence intensity at 565 nm
gradually decreased with increasing the concentrations of heparin
sodium when in the absence of lysine. Nevertheless, when lysine
was present, the fluorescence of CdTe QDs recovered and it
reached maximum when heparin sodium was 5 pg/mL. Hence, 1
pg/mL CdTe QDs and 5 pg/mL heparin sodium were optimal for
lysine analysis.

Fig. 6 depicts the fluorescence of CdTe QDs in the presence of
heparin sodium and lysine, which presents a gradual
enhancement with increasing the concentration of lysine. The
inset of Fig. 6 shows the linear plot of fluorescence recovery
versus lysine concentrations, which could be expressed as (I’-
I)I’=19.683+1.571(Inc’) (R’=0.9967), wherein I," is the
fluorescence intensity of CdTe QDs in the presence of 5 ug/mL
heparin sodium, 7’ is the fluorescence intensity of CdTe
QDs/heparin sodium in the presence of lysine and ¢’ is the
concentrations of lysine. The linear response toward lysine
concentrations ranges from 2 pumol/L to 200 pumol/L with a
detection limit of 0.146 pmol/L. In comparison with other assays
for lysine (Table S2), our proposed method presents satistied
sensitivity.

The selectivity for lysine analysis was achieved by monitoring
the fluorescence recovery responses of the heparin/CdTe QDs
complex upon introduction of lysine or other amino acids. As
shown in Fig. 7, other amino acids (except arginine) exerted
minor or negligible restoration effects on the fluorescence
intensity of the heparin/CdTe QDs complex, even if they were
kept at a concentration 20 times higher than lysine, which
confirmed the high selectivity of the heparin sodium/CdTe QDs
probes towards lysine.”> *° It was found that only arginine,
another positively charged amino acid, could slightly recover the
fluorescence of CdTe QDs. However, heparin/CdTe QDs
complex can distinguish lysine and argentine, since lysine and
argentine follow different rules. For lysine, the regression
equation for lysine concentrations has been presented as above,
but the regression equation for argentine was much different from
lysine (Fig. S4, ESIf). Furthermore, lysine and argentine were
mixed at different ratios to check the fluorescence, which could
be expressed in respective regression equations depending on the
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ratios, further confirming that lysine and argentine were different In order to prove the point, the DLS measurement was

1 .
2 form each other (Fig. S5, ESI¥). performed for demonstration of the dispersive or aggregation
TEM and fluorescence lifetime were employed to prove the he hvdrod ic size of Cd b in th
3 leti . ) . state. The hydrodynamic size of CdTe QDs was about 8 nm in the
completion between lysine and CdTe QDs to bind heparin L. it distributi fter the introducti £ hevari
4 s sodium, leading to the release of CdTe QDs and recovery their scat.termg.g 1.nten51ty istribution. After the mt.ro uction of heparmn
5 fluorescence. As shown in Fig. 8, CdTe QDs presented the sodium, it increased to about 530 nm. Then, it decreased to about
6 dispersive state (Fig. 8a). However, the addition of heparin 35 11 nm when lysine was present (Fig. S6, ESIf), further
7 sodium induced the aggregation (Fig. 8b) and fluorescence confirming the aggregation induced by heparin sodium and the
8 quenching of CdTe QDs (Fig. 4). Following, CdTe QDs got dispersion caused by lysine. What’s more, the Zeta potential of
9 10 Zi;spletrsed agalnd (fﬁgt Etic) andfthé;lr tﬂuciri,sce,nie reipverte)dt (Fig. QDs/herparin sodium complex was increased from -24.8 mV to -
. It presumed that force of electrostatic interaction between . . .
10 heparin sodium and lysine was greater than that of the hydrogen 22.6 mV V.Vhel? 1y§1ne was present (Fig. S?’ ESIT)’ suggesting the
11 bonding between heparin sodium and TGA-capped CdTe QDs. 40 electrostatic binding between QDs/herparin sodium complex and
12 lysine since the isoelectric point of lysine is 9.74, which could be
13 8001 9f (11, =19.683+1.571xLnc’ positively charged under the working conditions. Thus, lysine
14 g‘ . _ o] R=09%67 could bind heparin sodium to release CdTe QDs, resulting in the
15 2 6004 §=3 / fluorescence recovery, which is applicable to lysine analysis.
16 -g = 4s Furthermore, the fluorescence lifetime did not change greatly
17 ° 400 :4 : PR (Fig. S8, ESIt), suggesting that the fluorescent probe CdTe QDs
18 g Lnc,,,(mol/L)] was released from the aggregation owing to the electrostatic
19 3 207 mollL binding between herparin sodium and lysine.
;2 é 200+ (Lysine) 4 C . .
2x10°mol/L . Lonclusion
22 E 0 moliL
23 460 480 500 520 540 560 580 so  TGA-capped CdTe st with strong fluorescence were
24 Wavelength/nm successfully prepared, which possessed a large. number of
25 15 Fig. 6 The fluorescence recovery of TGA-capped CdTe QDs in the Cz.lrboxylate groups t.o form C.dTe QDs/heparin .Sodlum complex
26 presence of heparin sodium with the addition of different concentrations via hydrogen bonding, leading to the selective fluorescence
27 of lysine. The inset displays the linear plot of fluorescence intensity quenching of CdTe QDs. Thus, a new ‘turn-off’ fluorescence
28 recovery versus lysine concentration. Conditions: CdTeVQDs: I pg/mL; assay was developed for heparin sodium. Here, TGA acted as
29 heparin sodium, 5 pg/mL. Len, 565 nm; A, 300 nm; 7, Imin. both the capping reagent to keep CdTe QDs dispersive and the
30 ﬁ linking reagent to form hydrogen bonding with heparin sodium.
31 64 Moreover, the fluorescence of CdTe QDs/heparin sodium
32 complex was effectively recovered by lysine due to the stronger
33 4- e electrostatic interaction between the negatively charged heparin
34 '=° sodium and positively charged lysine. Thus, lysine could be
35 ) sensitively detected by a ‘turn-off-on’ fluorescence switching
36 S 2 with a low fluorescence background. The novel fluorescent probe
37 showed a number of attractive analytical features in the following
38 0 os terms, including high sensitivity, excellent selectivity, low-cost
39 i and great accuracy. It is expect that this strategy can offer a new
40 ' . ' . r approach to developing low-cost sensors for other drugs or small
a1 o%?@z?o};:%% /::: %& %@%%62%?‘?%%%%2&%% %@ biological molecules in the pharmaceutical analysis.
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Graphical Abstract

for
“Turn-off-on” fluorescence switching of cadmium telluride
quantum dots for rapid and selective analysis of heparin
sodium and lysine '

Hong Zhi Zhang, “ Rong Sheng Li, “ Ni Wang, “ Li Qi, “ Cheng Zhi Huang “’ and Jian

Wang **

e — —

The water-soluble and highly fluorescent TGA-capped CdTe QDs are well dispersed. However,
the introduction of heparin sodium results in the aggregation and fluorescence quenching of CdTe
QD via hydrogen bonding between heparin sodium and TGA-capped CdTe QDs. The aggregated
CdTe QDs become dispersive again when lysine is present in the mixture of CdTe QDs and
heparin sodium because of the stronger electrostatic interaction between lysine and heparin
sodium, leading to the fluorescence recovery of CdTe QDs. This approach can be developed for

both heparin sodium and lysine analysis with high specificity.



