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Introduction

Fluorogens with aggregation-induced emission (AIE) char-
acteristics have drawn considerable research attention in the
area of fluorescent materials.[1–4] As a phenomenological de-
scription, AIE gained its name from the unique fluorescent
behavior of a silole derivative (hexaphenylsilole (HPS)).[2]

HPS was non-emissive in dilute acetonitrile solution; howev-
er, with the addition of an adequate amount of water (non-
solvent) into the solution, HPS became partially insoluble in
the mixed solvents thereby aggregates began to form, and

the suspension became emissive.[2a] The AIE-active fluoro-
gens offer a kind of unique fluorescence (FL) turn-on
probes with high sensitivity and contrast. Thus, a series of
AIE-based fluorescent probes have recently been developed
for the detection of a variety of biomolecules.[1,4]

Cysteine (Cys) and homocysteine (Hcy) are important bi-
omolecules and play crucial roles in numerous biological
processes in organisms.[5] It is of great importance, both in
academic research and in clinic applications, to develop effi-
cient methods for the detection and recognition of Cys and
Hcy.[6–12] Fluorescent probes have also been explored to
detect Cys and Hcy.[13] In most cases, the fluorescent detec-
tion is based on chemical reaction between the active
groups on the probe and the analytes. For example, the
well-known cyclization of aldehyde group with amino and
thiol groups forming thiazinane/thiazolidine is a classical re-
action that is widely used for Cys/Hcy detection. The detec-
tion mechanism is associated with the transformation of the
aldehyde group to thiazinane/thioazolidine, which changes
the electronic structure of the probe thereby alters the FL
properties (intensity, color, or lifetime).[13] This strategy,
however, can hardly provide discriminative and selective de-
tection of Cys over Hcy because of the high structure simi-
larity between the two resulting analogues. Consequently, to
discriminatively and selectively detect Cys over Hcy is still a
challenge.[14]

AIE-active fluorescent probes may provide new solutions.
According to AIE mechanism, FL turn-on/turn-off process
can be observed if the reaction between the probe and the
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to-be-probed molecules can alter the aggregation behavior
(solubility) of the fluorescent species.[4,15] These observations
prompted the use of AIE luminogens as fluorescent probes
to detect Cys and Hcy. Therefore, we took the first attempt
at applying an aldehyde functionalized silole derivative
DMBFDPS to detect Cys over other amino acids and glu-
cose (Scheme 1).[15c] DMBFDPS can selectively react with
Cys and Hcy to form thiazinane and thiazolidine derivatives
in the presence of diverse amino acids, protected Cys and
glucose. Relying on the differences in kinetics, Cys can be
easily and discriminately detected over Hcy by the observa-
tion of FL responses. GSH shows great interference with the
detection of Cys and Hcy and it can be quantitatively de-
tected by using a FL spectroscopic titration method. By
using this single fluorescent probe, the discriminate detec-
tion of Cys, Hcy, and GSH is possible by FL turn-on and
turn-off strategies. The discrimination relies on difference in
the solubility of adducts of the probe molecule and analytes.

This strategy is intrinsically a fluorescent titration, which
combines the high sensitivity of FL spectroscopy and the re-
liability of precipitate titration
methodology. Thus, it is as-
sumed to be a universal prop-
erty of dialdehyde-substituted
AIE-active molecules. Herein,
we report our concept-of-proof
work by using two such mole-
cules as shown in Scheme 1.
One is an isomer of
DMBFDPS, or DMTPS-ALD,
which has two aldehyde groups
on the para position instead of
meta position of the 2,5-phenyl
rings on the silole core. And
the other is a dialdehyde-sub-
stituted tetraphenylethene
(TPE), or TPE-ALD, in which
the AIE-active tetraphenylsi-
lole core is replaced by a TPE
moiety. As expected, for dis-
criminatively detecting Cys
and Hcy, both DMTPS-ALD
and TPE-ALD show sound flu-
orescent performance.

Results and Discussion

Responses of DMTPS-ALD to
Cys and Hcy : To prove the
generality of using dialdehyde-
substituted AIE-active mole-
cules for the discriminative de-
tection of Cys and Hcy, we

first studied DMTPS-ALD. The preparation of DMTPS-
ALD was reported elsewhere.[15b] HEPES buffer was chosen
because it is a simple buffer system with a moderate oil sol-
ubility. DMSO was selected in consideration that it is a bio-
compatible organic solvent. The solution with 40 % volume
fraction of HEPES buffer (fb) was used as an optimized de-
tection medium after careful examination of the fluorescent
behaviors of DMTPS-ALD in the mixtures with different fb

values (Figure S1 in the Supporting Information).
The probe solution (DMTPS-ALD (25 mm) in the defined

detection medium), displays an FL band peaked at 501 nm
with a low intensity (Figure 1 a). When it was added into
Cys solution (2.5 mm in the defined detection medium), the
reaction between the probe and Cys molecules took place
readily at room temperature and produced a thiozalidine de-
rivative via a Schiff base intermediate (see the Supporting
Information, route I, Scheme S1, Figures S2 and S3). Since
the transparent reaction solution turned turbid in a few mi-
nutes, this process could be conveniently observed by the
naked eye. The FL responses provide the information in

Scheme 1. Dialdehyde-substituted AIE-active molecules.

Figure 1. Time dependent FL spectra when a) Cys or c) Hcy was added into the mixture of DMSO and 10 mm

HEPES buffer (6:4 v/v, pH 7.4) containing DMTPS-ALD; b) and d) are corresponding plots of the changes in
FL intensity and FL peak for a and c, respectively. [DMTPS-ALD] =25 mm, [analyte] =2.5 mm, lex =377 nm. I
for peak FL intensity and I0 for the peak FL intensity of DMTPS-ALD at t=0 min in b and d. Inset of c: pho-
tographs of DMTPS-ALD and Hcy in the above mixture taken 3 days later under ambient (upper row) and
UV-light (bottom row, lex = 365 nm).
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detail. After being introduced into Cys solution, the weakly
emissive probe solution gradually became intensely fluores-
cent and the emission color shifted from green to blue.
Quantitative evaluations of the changes in FL features are
depicted in Figure 1 a and 1 b. The FL intensity of the reac-
tion system is enhanced immediately and levels off in about
110 min. The maximum shows an evident elevation from
�41 to �273 in the absence and the presence of Cys, re-
spectively. The FL enhancement (I/I0�1, in which I0 and I
are the FL intensity recorded without and with analyte, re-
spectively) is about 5.7-fold. Meanwhile, the FL band
peaked at 501 nm increases gradually, and a new band
peaked at 425 nm emerges (�76 nm blueshift) and its inten-
sity grew rapidly as time went by.

Different observations were recorded when adding probe
solution into Hcy solution. Little change had been observed
for hours. Three days later, white precipitates appeared
from the transparent solution and the suspension showed
strong blue FL (Figure 1 c and inset). Quantitatively, the
emission peak shifted from 501 to 424 nm and the I/I0�1
value was 26.4.

The above observations can be interpreted as following.
Owing to the strong intermolecular hydrogen-bonding be-
tween the carboxylic and thiazolidine groups and the elec-
trostatic interaction between the charged groups, molecules
1 and 2 (see the Supporting Information, Scheme S1) can
easily form aggregates thereby resulting in their lower solu-
bility. The emission enhancement can be ascribed to the re-
sulting aggregates of thiazinane or thiazolidine. The blue-
shift of the emission can be associated with the transforma-
tion of the aldehyde to the thiazolidine auxochrome, which
eliminates the conjugation between the silole core and the
benzaldehyde group. The drastic time difference of FL turn-
on exhibited in Figure 1 b and 1 d implies that the reaction
of Hcy with the probe molecule to produce thiazolidine is
quite slow in comparison with that of Cys (see the Support-
ing Information, Scheme S1, route II). According to the lit-
erature, upon reaction with aldehyde, Cys forms the more
favored five-membered ring heterocycle, which is beneficial
to the reaction proceeding, as compared with Hcy (six-mem-
bered ring formation).[13b, 16] Although the substituents have
changed from the meta to the para position, the mechanism
of the discriminative detection of Cys over Hcy is still the
same as DMBFDPS, as illustrated in Scheme S1 (the Sup-
porting Information).

The sensitivity of the probe to Cys was investigated by a
FL spectroscopic titration experiment. The changes in FL
features with Cys concentration are displayed in Figures S4–
S6 (see the Supporting Information). From 0 to 2.5 mm, the
emission intensity increases slowly and nonlinearly. Apart
from sensitivity, the specificity of a probe is a crucial param-
eter for potential applications. The responses of the probe
to other amino acids and glucose were investigated. As
shown in Figures S7 and S8 (see the Supporting Informa-
tion), among all the tested analytes, Cys exhibited the high-
est FL response. In an hour, more than fourfold of FL en-
hancement and 68 nm of blueshift of the emission peak

were observed for Cys. About 0.27-fold enhancement was
recorded for Hcy, and below 0.2 for the rest analytes. These
results indicate that although the enhancement is not very
high, the probe molecule has a high specificity to Cys.

Investigation of the selective detection of Cys in the pres-
ence of other biospecies is essentially necessary in practical
detection. When only 2.5 mm of Cys exists in the medium
(control sample), the I/I0�1 value is 4, and the emission
blueshift is about 68 nm. By measuring the fluorescent emis-
sion spectra of mixtures containing Cys (2.5 mm) and other
analytes (2.5 mm), it was found that with the exception of
Hcy, all other analytes exerted little impact on the detection
of Cys in FL spectroscopic titration method (shown in the
Supporting Information, Figures S9–S11). Whereas, when
co-existing with Hcy, the I/I0�1 value is 0.7, which is evi-
dently lower than that of the control one. Meanwhile, the
blueshift of the emission peak is also limited. The interfer-
ence response can be associated with the competing reaction
of the intermediate with the free thiol group of Hcy and Cys
as shown Scheme S2 (the Supporting Information). The ad-
dition of thiol to the Schiff base of the intermediate led to
soluble products (without aggregates) and thus decreased
the emission.

Based on the above results, it is concluded that DMTPS-
ALD possesses the capability to detect Cys and Hcy over
other species and could discriminate Cys from Hcy with
high specificity and good selectivity. The action principle is
also based on AIE behavior (poor solubility) of the resul-
tants, which attests our hypothesis that using dialdehyde-
substituted silole derivatives can achieve the discriminatory
detection of Cys and Hcy. The overall performance is similar
to its isomer DMBFDPS, although the sensitivity and FL
enhancement of DMTPS-ALD is lower than that of
DMBFDPS.

Fluorescent behavior of TPE-ALD in the mixtures of buffer
solution and DMSO : Although we have demonstrated the
discriminative detection of Cys over Hcy with two isomers
of dialdehyde-functionalized siloles, the generality of our as-
sumed strategy to discriminatively detect Cys over Hcy by
dialdehyde-functionalized AIE-active fluorogens cannot be
confirmed until the same strategy is shown to be workable
in other AIE systems. In addition to siloles, tetraphenyle-
thene (TPE) derivatives are another kind of widely explored
AIE-active fluorogen. Thus, we replaced the silole core with
a TPE moiety to give the dialdehyde-functionalized TPE de-
rivative (Scheme 1, TPE-ALD, or (E)-4,4’-(1,2-diphenyle-
thene-1,2-diyl)dibenzaldehyde) as the fluorescent probe.
TPE-ALD was obtained by the lithiation of (E)-1,2-bis(4-
bromophenyl)-1,2-diphenylethene and the subsequent reac-
tion with N-formylpiperidine.[17]

We firstly checked the fluorescent behavior of TPE-ALD
in the mixtures of HEPES buffer (10 mm) and DMSO with
different buffer fraction (fb) values. As displayed in the Sup-
porting Information (Figure S12), TPE-ALD is almost non-
emissive in a solution (25 mm) of DMSO. When fb is lower
than 60 %, the FL spectrum is nearly a flat line parallel to
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the abscissa. As the fb increases, the emission is intensified.
When fb reaches 90 %, the emission intensity is fairly strong
(I/I0 = 384, I=775, fb =90 %, respectively). The inset of Fig-
ure S12 clearly demonstrates the relationship between FL
enhancement (I/I0) and fb. When fb is lower than 60 %, I/I0 is
small and remains unchanged; however, once fb is increased
up to 60 %, the I/I0 value increases abruptly and continues
to rise with an increase of fb. This characteristic curve indi-
cates that TPE-ALD is a typical AIE active fluorophore
with a threshold of fb, at which the aggregates are produced
and the emission is turned on. On the basis of our previous
research, the mixture of HEPES buffer (10 mm) and DMSO
with fb = 50 % and pH 7.4 was chosen as the action ratio and
was subsequently used as the detection medium in the fol-
lowing work.

Distinct fluorescent responses of the probe to Cys and Hcy :
The probe solution contained TPE-ALD (25 mm) in the de-
tection medium and displayed an emission band peaked at
501 nm with a low intensity (Figure 2 a). When the probe
solution was added into Cys solution (2.5 mm in the defined
detection medium), the response took place immediately at
RT. This process could be easily monitored by the naked
eye, because the reaction solution changed from transparent
to turbid and the solids accumulated in a few minutes. How-
ever, the FL responses provide more detailed information.
The probe solution itself showed a quite weak green emis-
sion, however, after being introduced into Cys solution, the
emission became more intense and the color shifted from

green to purple/blue (Figure 2 a). A quantitative evaluation
of the changes in FL is illustrated in Figure 2 b. The FL in-
tensity of the reaction system is readily enhanced after the
addition of probe solution into Cys solution, leveling off at
about 80 min. The response time is significantly shorter than
the one of DMTPS-ALD and DMBFDPS. The maximum
intensity shows a remarkable augment from �43 in the ab-
sence of Cys to �675 in the presence of Cys, or about 15.7-
fold enhancement (I/I0�1). The enhancement is higher as
compared to DMBFDPS, especially much higher than
DMTPS-ALD. Meanwhile, the FL band peaked at 501 nm
increased gradually, and a new peak at 421 nm emerges (
�80 nm blueshift) and its intensity grew rapidly with time.

As for Hcy, different observations were recorded, as
shown in Figure 2 c and 2 d. Almost no response had been
observed for hours; however, three days later, white solids
precipitated out from the transparent solution with the FL
enhancement increasing from about 0.2 to 3.0. As time went
by, the amount of precipitates increased. When the reaction
system was kept at RT for a week, the value of I/I0�1 in-
creased to 13.6. Finally, the suspension showed strong blue
FL (inset of Figure 2 c and the Supporting Information, Fig-
ure S13) and a 27-fold enhancement after ten days. Concur-
rently, the emission peak shifted from 501 to 422 nm. Com-
pared with the two isomers of dialdehyde substituted silole
derivative, TPE-ALD amplified the responding difference
between Cys and Hcy by shortening the response time of
probe to Cys and prolonging the response time of probe to
Hcy.

Mechanism for the origin of
the distinction : With the result-
ing distinct response behaviors
of the probe, our proposed
mechanism of the discrimina-
tive detection of Cys over Hcy
has been validated once again.
The reaction between the
probe and Cys or Hcy mole-
cules takes place at RT and
produces a thiozalidine deriva-
tive (molecule 3 or 4,
Scheme 2 and the Supporting
Information, Figure S14) via a
Schiff base intermediate. The
strong hydrogen-bonding be-
tween the carboxylic and thia-
zolidine groups and the elec-
trostatic interaction between
the charged groups may help
molecules 3 and 4 form aggre-
gates, thereby leading to lower
solubility. The emission en-
hancement can be ascribed to
the resulting aggregates of
thiazinane or thiazolidine,
which have a low solubility in

Figure 2. Time dependent FL spectra when a) Cys or c) Hcy was added into the mixture of DMSO and 10 mm

HEPES buffer (5:5 v/v, pH 7.4) containing TPE-ALD; b) and d) are the corresponding plots of the changes in
FL intensity and FL peak for a and c, respectively. [TPE-ALD]=25 mm, [analyte]=2.5 mm, lex =343 nm. I for
peak FL intensity and I0 for the peak FL intensity of TPE-ALD at t=0 min in b and d. Inset of c: FL photo-
graphs of TPE-ALD and Hcy in the above mixture taken ten days later under UV-light (lex =365 nm).
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the detection medium (aggregation-induced emission). The
blueshift of the emission band can be associated with the di-
minished conjugation degree between the TPE core and the
substituents. The drastic time differences of FL turn-on ex-
hibited in Figure 2 b and 2 d imply that the reaction of Hcy
with the probe molecule is quite slow in comparison with
that of Cys (Scheme 2, route II); the reason for the kinetic
difference is associated with the different cyclization rates of
five-membered and six-membered heterocycles.

Sensitivity and Specificity : The sensitivity of the TPE-ALD
to Cys was investigated by FL spectroscopic titration experi-
ment. The changes in FL features with Cys concentration in
the defined medium are exhibited in Figure 3. From 0 to
2.5 mm, FL intensity increases nonlinearly. The plot of I/
I0�1 versus Cys concentration is nearly a flat line parallel to
the abscissa before the concentration of Cys increased to
250 mm (10 equiv of probe). At the mean time, the emission
peak fluctuated in the range of 500 to 485 nm. Once the Cys
concentration is above 250 mm, the plot takes off with a
sharp inflexion, the FL peak abruptly blueshifted to around

423 nm (Figure 3 b) and the transparent mixture turned
turbid at this point as well. At 2.5 mm of Cys, I/I0�1 increas-
es to 15.4 in 1 h and white solids were clearly visible (see
the Supporting Information, Figures S15 and S16). It is
worth mentioning that the breaking point at 250 mm is of
great signality, because the normal level of Cys is 240–
360 mm in human plasma. The above results give a clue that
this probe could be applied as a potential indicator of Cys
deficiency.

In addition to the sensitivity, the specificity is of great sig-
nificance for an effective probe. The responses of the probe
to other amino acids, and glucose were investigated and the
details are shown in Figure 4, and the Supporting Informa-

tion, Figures S17 and S18.
Among all the tested analytes,
Cys exhibited the highest and
positive FL response. In an
hour, more than 15-fold FL en-
hancement and a 76.5 nm blue-
shift of the FL peak were ob-
served for Cys, with which Cys
was definitely recognized from
other biospecies. About 0.92-
fold enhancement was record-
ed for lysine. And as for the
rest analytes, the FL is slightly
quenched with an approxi-
mately 10 nm redshift. The
order of the sensitivity is Cys>

Scheme 2. Mechanistic representation of the discriminative detection of
Cys and Hcy.

Figure 3. a) FL spectra of TPE-ALD and Cys in the mixture of chromatographically pure DMSO and 10 mm

HEPES buffer (5:5 in volume, pH 7.4) with different Cys concentrations. [TPE-ALD]= 25 mm, lex =343 nm.
b) Plot of FL enhancement versus Cys concentration. All were measured at RT 60 min later.

Figure 4. FL response of TPE-ALD to diverse amino acids in the mixture
of DMSO and 10 mm HEPES buffer (5:5 v/v, pH 7.4), [probe]=25 mm,
[analyte]=2.5 mm, lex =343 nm. All measurements were conducted at RT
in 60 min later. Probe =TPE-ALD, analyte =amino acid.
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Lys>other amino acids and glucose. As a result of distinct
kinetics, the structurally similar Cys and Hcy could be discri-
minated. These results indicate that the probe molecule has
an extremely high specificity to Cys.

Selectivity : In practical detection, Cys may be interfered by
other biospecies. Investigation of the selective detection of
Cys in the presence of other analytes thus is essentially nec-
essary. When only 2.5 mm of Cys exists in the medium (con-
trol sample), the I/I0�1 value is 16, and the emission blue-
shift is about 78 nm. By measuring the FL spectra of mix-
tures containing Cys (2.5 mm) and other analytes (2.5 mm),
it was found that with the exception of Hcy, all other analy-
tes exerted little impact on the detection of Cys in FL spec-
troscopic titration method (shown in Figure 5 and the Sup-
porting Information S19 and S20); because of the addition
of the other species (2.5 mm), the solubility of the probe and
the resultant is decreased. Therefore, some amino acids that
co-existed with Cys showed higher FL enhancements than
simple Cys. Whereas, in the presence of Hcy, the I/I0�1
value is 1.4, which is evidently lower than that of the control
one. However, the blueshift of the emission peak is still the
same as other species. The interference response can be as-
sociated with the competing reaction of the intermediate
with the free thiol group of Hcy and Cys as shown in
Scheme S3 (see the Supporting Information). The addition
of thiol to the Shiff base of the intermediate led to soluble
resultants (without aggregates) and thus decreased the emis-
sion. These intermediates and the final adducts themselves,

on one hand, are soluble in the reaction solution, but on the
other hand, they interrupt the production of insoluble resul-
tants (aggregates). Thus the aggregation-induced emission
can hardly been observed.

When the silole core was replaced by a TPE moiety, the
detection behaviors of TPE-ALD are generally the same as
DMBFDPS and DMTPS-ALD. Moreover, TPE-ALD excel-
led relative to the other two probes with a better perform-
ance as faster response, higher FL enhancement and sensi-
tivity, and better specificity and selectivity. This is attributed
to the most hydrophobic molecule structure of TPE-ALD
among all the three dialdehyde-functionalized AIE fluoro-
phores, which results in the poorest solubility of the resul-
tant products and further triggers the most significant FL
“turn-on” effect (precipitation- or aggregation-induced
emission).

Conclusion

In contrast to the reported principles of the fluorescent
probes such as intramolecular charge transfer, proton trans-
fer, FL resonance energy transfer, and changes in FL life
time,[13] the present work takes advantage of the FL respons-
es originated from the aggregate formation of the reactive
fluorogens. Specifically, we have shown a proof-of-concept
study by using AIE-active fluorogens (DMTPS-ALD and
TPE-ALD) as a probe to detect Cys and Hcy. The action
principles for the present probes are consistent to be the
precipitates (aggregation)-induced emission. The formation
of thiazinane/thiazolidine by reaction of aldehyde groups on
the probe molecule and the residue of Cys/Hcy determines
the selective recognition of Cys and Hcy over other amino
acids and glucose. The discriminatory detection of Cys over
Hcy is kinetically dependent. All the detections were carried
out in a biocompatible medium (10 mm HEPES buffer and
DMSO, pH 7.4), which is propitious to practical application.
What merits our attention is that TPE-ALD outshined the
other two probes in performance with fast response, consid-
erably high FL enhancement up to 16-fold, high sensitivity,
and fairly good specificity and selectivity. Moreover, its re-
sponse point at 250 mm meets coincidently with the normal
level of Cys in human plasma, which gives a clue that TPE-
ALD could be applied as a potential indicator of Cys defi-
ciency. Combining all the investigations, we could come to
the conclusion that the capability of discriminatorily detect-
ing Cys over Hcy is a common attribute to all the dialde-
hyde-substituted AIE-active molecules and the response
performance could be modulated by the molecular struc-
tures and the hydrophobicity.

Experimental Section

Chemicals and materials : Dimethyl sulfoxide (DMSO) is chromatograph-
ically pure purchased from Alfa Aesar. HEPES, alanine (Ala), arginine
(Arg), aspartic acid (Asp), cysteine (Cys), glutamic acid (Glu), glycine

Figure 5. FL response of TPE-ALD to the mixture of Cys in the presence
of various analytes (Ala, Arg, Asp, Glu, Gly, Hcy, His, Ile, Leu, Lys, Met,
Pgl, Phe, Pro, Glyc, Ser, Thr, Tyr, Val) in the defined buffer, [TPE-
ALD] =25 mm, [analyte]=2.5 mm, lex =343 nm. All measurements were
conducted at RT after incubation for 60 min.
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(Gly), histidine (His), isoleucine (Ile), leucine (Leu), lysine (Lys), me-
thionine (Met), phenylalanine (Phe), serine (Ser), threonine (Thr), tyro-
sine (Tyr), valine (Val), proline (Pro), homocysteine (Hcy), phenylglycine
(Pgl) and glucose (Glyc) were purchased from Aldrich Chemical Co. All
other chemicals and regents were commercially available and used as re-
ceived without further purification.

General characterization : FTIR spectra were recorded on a Bruker
Vector 22 spectrometer. The mass spectrum was carried out by an Esquir-
e3000plus with an ion source type of ESI. UV/Vis absorption spectra
were measured on a Varian CARY 100 Bio UV/Visible spectrophotome-
ter. FL spectra were recorded on a Perkin–Elmer LS 55 spectrofluorome-
ter.

Preparation of the nanoaggregates : Stock solution of DMTPS-ALD or
TPE-ALD in DMSO with a concentration of 0.25 mm was prepared re-
spectively. Aliquots (1 mL) of the stock solutions were transferred to
10 mL volumetric flasks. After adding appropriate amounts of DMSO,
HEPES buffer solution (10 mm, pH 7.4) was added dropwise under vigo-
rous stirring to furnish solutions (25 mm) with defined fractions of buffer
(fb =0–80 or 0–90 vol %). Spectral measurements of the resultant solu-
tions or aggregate suspensions were performed immediately.

Detection of Cys in DMSO/10mm HEPES (6/4 and 5/5 in volume,
pH 7.4): The appropriate amount of Cys was dissolved in HEPES
(10 mm, 4 mL) and then chromatographically pure DMSO (5 mL) was
added into the mixture, at last DMSO solution (1 mL) of DMTPS-ALD
(0.25 mm) was added under vigorous stirring to afford the detection
system with 25 mm of probe. The mixture was stood at RT for 60 min and
underwent the necessary measurement. Similarly, the appropriate
amount of Cys was dissolved in 10 mm HEPES (5 mL) and then chroma-
tographically pure DMSO (4 mL) was added into the mixture, at last
DMSO solution (1 mL) of TPE-ALD (0.25 mm) was added under vigo-
rous stirring to afford the detection system with 25 mm of probe. The mix-
ture was stood at RT for 60 min and underwent the necessary measure-
ment.
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