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Abstract

Biothiols, including cysteine (Cys), homocysteine (Hcy), and glutathione (GSH), are crucial
for physiological regulation and their imbalance poses severe health risks. Herein, we devel-
oped a pH-responsive liquid crystal (LC)-based sensing platform for detection of biothiols
by doping 4-n-pentylbiphenyl-4-carboxylic acid (PBA) into 4-n-pentyl-4-cyanobiphenyl
(5CB). Urease catalyzed urea hydrolysis to produce OH−, triggering the deprotonation of
PBA, thereby inducing a vertical alignment of LC molecules at the interface corresponding
to dark optical appearances. Heavy metal ions (e.g., Hg2+) could inhibit urease activity,
under which condition LC presents bright optical images and LC molecules maintain a
state of tilted arrangement. However, biothiols competitively bind to Hg2+, the activity of
urease is maintained which enables the occurrence of urea hydrolysis. This case triggers
LC molecules to align in a vertical orientation, resulting in bright optical images. This pH-
driven reorientation of LCs provides a visual readout (bright-to-dark transition) correlated
with biothiol concentration. The detection limits of Cys/Hcy and GSH for the PBA-doped
LC platform are 0.1 µM and 0.5 µM, respectively. Overall, this study provides a simple,
label-free and low-cost strategy that has a broad application prospect for the detection
of biothiols.

Keywords: liquid crystal-based sensing platform; biothiols; detection; pH-responsive behavior

1. Introduction
Biothiols, including Cys, Hcy, and GSH, serve as essential components of living

organisms and play pivotal regulatory roles in numerous physiological processes [1–3].
When the content of these three substances in a living body deviates from the normal range,
they easily cause various diseases, posing a huge threat to human life and health. It is
reported that the Cys deficiency may lead to diseases such as slow growth, edema, liver
damage, and hair depigmentation [4], and the increase of Cys concentration in plasma is
prone to cause neurotoxicity [5]. Excessive Hcy content in the blood is closely related to
diseases such as cancer, osteoporosis and Alzheimer’s disease [6–9]. In addition, abnormal
levels of GSH are prone to cause major diseases such as cancer, neurodegenerative diseases,
AIDS, and diabetes [10–12]. Therefore, accurately detecting the levels of biothiols in the
body is helpful for the early diagnosis and prevention of related diseases. At present,
the commonly used detection methods for biothiols include high performance liquid
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chromatography [13,14], capillary electrophoresis [15], the colorimetric method [16,17], and
fluorescence method [18–20], etc. Although these methods have high detection sensitivity
and good selectivity, their application in the commercial sphere is greatly limited due to
excessive reliance on precise large-scale instruments, cumbersome sample preparation
processes, and complicated operation steps. Therefore, it is extremely urgent to develop
simple, rapid, and low-cost methods for the analysis and detection of biothiols.

As reported [21–23], amphiphilic substances can induce the liquid crystal molecules
to transition from a disordered to an ordered alignment when they self-assemble at the
liquid–liquid crystal interface. However, when external stimuli such as pH variations or
oppositely charged polyelectrolytes are applied, the liquid crystal alignment undergoes
further changes. Kinsinger’s group modified the water–liquid crystal interface with pH-
sensitive amphiphilic polymers and observed that alternating exposure to phosphate
buffers at pH 5.0 and 9.0 triggered reversible optical responses of the LC between bright
and dark states [24]. This phenomenon can be attributed to pH-induced modulation of
polymer molecular structure and self-assembly, which alters the interfacial alignment of
LC molecules. However, the 10-h response time severely limits practical applications.

In order to achieve a rapid response to minor pH changes, Bi’s group developed a
pH-responsive LC sensor by doping PBA into 5CB [25]. The main reason for choosing
PBA is that it contains a pH-sensitive group, namely the carboxyl group (–COOH), and the
amphiphilicity of the molecule causes it to undergo self-assembly behavior similar to that of
surfactants at the LC interface. Furthermore, as shown in Figure 1, the molecular structure
of PBA is similar to that of 5CB. Therefore, it is more likely to interact with 5CB and can
more effectively influence the alignment of 5CB molecules. The 5CB doped with PBA was
added to the copper mesh modified with penicillinase, and then the copper mesh was
immersed in the sodium phosphate buffer solution containing penicillin G. It was found
that the optical response of the LC shifted from dark to bright images which corresponds to
a transition in the LC alignment from homeotropic to tilted states. This phenomenon arises
from the enzymatic hydrolysis of penicillin G, which releases protons (H+) and protonates
the carboxyl groups of PBA. This method can be used to detect the small amount of H+

released in the enzymatic hydrolysis reaction. However, the inhomogeneous distribution
of penicillinase on the copper grid restricts the applicability of this immobilization-based
method for detecting subtle pH variations.

Figure 1. Chemical structures of (a) 5CB and (b) PBA.

Given the rapid pH responsiveness of PBA, in this work we developed a simple,
label-free and cost-effective LC sensing platform by doping PBA into 5CB. The urease and
urea solutions were directly mixed and then incubated. Based on the OH− released by
the enzymatic hydrolysis reaction, the existence state of PBA was changed, which in turn
induced a change in the alignment of LC to detect biothiols. The detection mechanism
is shown in Figure 2. When the constructed LC platform comes into contact with the
aqueous solution, the LC presents bright optical images, which indicates that the alignment
of LC molecules at the interface is tilted (Figure 2a). Then, an alkaline solution with a pH
value of 9.2 was used to replace the aqueous solution. The dark optical images of LC were
observed through a polarized optical microscope (POM), indicating that the alignment
of 5CB is homeotropic (Figure 2b). This pH-dependent optical response forms the basis
for the detection of biothiols via urease-mediated urea hydrolysis (the reaction equation
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illustrated in Figure 3) [26–28]. The detection mechanism is shown in Figure 2c. When the
mixed aqueous solution of urease and urea is pre-incubated and added to the 5CB interface,
the optical images of the LC are dark at this time. If the activity of urease is inhibited by
heavy metal ions (e.g., Hg2+) and then incubated with the urea solution, bright optical
images are observed. Conversely, pre-incubation of metal ions with biothiols (e.g., GSH)
enables the occurrence of urea hydrolysis. The liberated OH− deprotonates PBA, inducing
homeotropic alignment of LC molecules at the interface and dark optical images.

Figure 2. Schematic representation of the alignment and corresponding optical images of PBA-doped
5CB after contacting with (a) Deionized water, tilted alignment associated with bright appearance.
(b) Alkaline aqueous solution with a pH of 9.2, homeotropic alignment associated with dark ap-
pearance. (c) Schematic illustration for the detection of biothiols and corresponding optical images
of LC.

Figure 3. Enzymatic hydrolysis reaction of urea by urease.

2. Materials and Methods
2.1. Reagents and Instruments

Urea (99%) and PBA (95%) are sourced from the Shanghai Bide Pharmaceutical Tech-
nology Co., Ltd., Shanghai, China. Urease (from the giant bean, 359 U/mg) was purchased
from the Shanghai Yuanye Biotechnology Co., Ltd., Shanghai, China. Hcy, (98%) and mer-
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cury ion standard solutions (1000 µg/mL, 1.0 mol/L HNO3) are obtained from the Shanghai
Maclean Biochemical Technology Co., Ltd., Shanghai, China. The standard solution of lead
ions (100 µg/mL, 1% HNO3) was purchased from the Shanghai RON Chemical Technol-
ogy Co., Ltd., Shanghai, China. Copper (II) chloride dihydrate (CuCl2·2H2O, ≥99.0%) is
from the Sinopharm Chemical Reagent Co., Ltd., Shanghai, China. GSH (99%, reduced
form), GSH (98%, oxidized form), histidine (His, 98%), lysine (Lys, 98%), serine (Ser, 99%),
leucine (Leu, 99%), glutamic acid (Glu, 99%), arginine (Arg, 99%), and phenylalanine (Phe,
99%) were all purchased from the Beijing Bailingwei Technology Co., Ltd., Beijing, China.
Alanine (Ala, 99%) was purchased from the Shanghai Aladdin Biochemical Technology
Co., Ltd., Shanghai, China. 5CB (98%), Cys (99%), aspartic acid (Asp, 99%), isoleucine (Ile,
98.5%), valine (Val, 99%), proline (Pro, 98%), threonine (Thr, 99%), tryptophan (Try, 99%)
Tyrosine (Tyr, 99%), glycine (Gly, 99%), asparagine (Asn, 99%), glutamine (Gln, 99%), and
methionine (Met, 98%) were purchased from the Saen Chemical Technology (Shanghai) Co.,
Ltd., Shanghai, China. All chemicals were used as received without further purification.
The water used in the experiment was all ultrapure water with a resistivity of 18.25 MΩ·cm.

2.2. Cleaning of Glass Substrates

According to the literature [29], the piranha solution (H2SO4:H2O2 = 7:3, v/v) can
effectively remove organic contaminants from glass substrates while hydroxylating the
surface. The glass substrates were treated as follows: In a fume hood, they were immersed
in freshly prepared piranha solution heated to 353.15 K in a constant-temperature oil bath
for 30 min. (Caution: Piranha solution reacts violently with organic materials. Avoid
contact and never store in sealed containers!) After cooling, the glass substrates were rinsed
sequentially with ultrapure water, anhydrous ethanol, and methanol under sonication.
Residual solvents were removed by N2 blowing, followed by baking at 383.15 K for 12 h in
a convection oven. Treated substrates were stored in a desiccator until use.

2.3. Silanization of Glass Substrates

As reported in the previous literature [30–32], the cleaned glass substrates were
functionalized with a 0.5% (v/v) aqueous solution of N, N-dimethyl-N-octadecyl-3-
(trimethoxysilyl) propylammonium chloride (DMOAP) for 30 min, following established
protocols. Then, the surface of the glass was repeatedly rinsed with ultrapure water, dried
with nitrogen, and baked in an oven at 383.15 K for 2 h. It was then stored in a desiccator
for future use.

2.4. Preparation of LC Sensing Platform

Firstly, 0.3 wt% PBA-doped 5CB was prepared as follows. A total of 300 µL of
1 mg/mL PBA trichlormethane solution was added to 100 mg of 5CB, mixing evenly by
vortex, and dried in an oven at 333.15 K to ensure complete evaporation of trichlormethane,
then stored in a desiccator for future use. Subsequently, the PBA-doped 5CB was heated to
its isotropic phase (>308.15 K). One µL of the mixture was dispensed onto a copper mesh
(placed on a DMOAP-modified glass substrate) with a pipette, and the excess mixture was
removed with a 20 µL capillary tube to form a smooth LC interface.

2.5. Detection of Biothiols

Firstly, 15 µL of biothiol (Cys, Hcy and GSH) solutions with different concentrations
were separately taken and placed into 1.5 mL centrifuge tubes, and then 15 µL of 50 ng/mL
Hg2+ solution was added to each of them, respectively. The mixed solutions were incubated
at room temperature for 20 min. Then, 30 µL of 1 µg/mL urease solution was added to the
mixed solutions of biothiols and Hg2+, respectively, and incubated at room temperature for
20 min. Finally, the resulting mixtures were separately combined with an equal volume of
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1 mM urea solution and incubated at room temperature for 10 min. Afterwards, 30 µL of the
pre-incubated mixed solutions were taken and dropped onto the PBA-doped 5CB interface.
After stabilization, the optical images of the LC were observed. All the experiments were
repeated at least three times.

2.6. Acquisition and Processing of LC Optical Images

The optical morphological changes in the LC were observed under crossed polarizers
using a polarized optical microscope (XPF-800C, Tiansheng, Shanghai) equipped with a
2.5× objective lens. Optical images were captured at ambient temperature with a digital
camera (TK-9301EC, JVC, Yokohama, Japan).

3. Results and Discussion
3.1. Feasibility Study

The feasibility of the PBA-doped 5CB sensing platform for detecting biothiols was
explored. Firstly, when deionized water was added to the LC interface, a bright optical
image was observed (Figure 4a), which indicates that the 5CB molecules are in a tilted
alignment at the water–LC interface. Then, a mixed solution of urease and urea pre-
incubated at room temperature was used to replace the deionized water. It was found
that the optical images of 5CB rapidly changed from bright to completely dark (Figure 4b),
indicating that the LC underwent a shift of tilted-to-homeotropic orientation. In addition,
urea solution and urease solution were separately dropped onto the constructed LC sensing
platform. It was observed that the LC maintained a bright optical appearance in both
cases (Figure 4c,d), corresponding to a tilted arrangement of 5CB molecules at the interface.
These findings can be attributed to the enzymatic hydrolysis reaction that occurs when
urease hydrolyzes urea. In the case of deionized water being adding to the optical cell,
the number of deprotonated PBA molecules adsorbed on the water–LC interface is very
small and cannot disrupt the tilted alignment of the LC molecules at the interface. Due to
the release of OH− from enzymatic reactions, a large number of PBA molecules are in a
deprotonated state (namely, PBA−). There exists hydrophobic interaction between the tail
chain of PBA− and the LC molecule; therefore, PBA− adsorbed on the LC interface forms
a stable self-assembled monolayer film which triggers LC molecules change from a tilted
alignment to a homeotropic alignment.

Figure 4. Optical images of LC after contacting with (a) deionized water, (b) the pre-incubated
mixture of 1 µg/mL urease and 1 mM urea, (c) 1 mM urea, (d) 1 µg/mL urease, (e) the pre-incubated
mixture of 1 µg/mL urease and 50 ng/mL Hg2+, and 1 mM urea, sequentially, (f) the pre-incubated
mixtures of 50 ng/mL Hg2+ and 1 µM Cys, 1 µg/mL urease and 1mM urea, sequentially. Scale
bar: 285 µm.
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Heavy metal ions can effectively inhibit the activity of urease. When the solution
containing urease and Hg2+ was pre-incubated and added to the LC interface, LC still
presented a bright optical image (Figure 4e). However, in the presence of biothiols, a
dark optical image was observed (Figure 4f). This is mainly because the thiol groups of
biothiols have a high affinity for heavy metal ions which enables the maintenance of urease
activity [33,34]. Therefore, based on the changes in the optical images of LC between bright
and dark, the detection of biothiols can be achieved.

3.2. Optimization of the Conditions for the LC Sensing Platform

After investigating the feasibility of detecting biothiols, the working conditions of
the LC-based sensing platform were explored. Urea solutions with different concentra-
tions were separately mixed with 5 µg/mL urease solution at room temperature and
co-incubated for 10 min. Then, the mixed solutions were dropped onto the LC sensing
platform, respectively; the corresponding optical images of the LC are shown in Figure 5.
When the urea concentration was 1 mM or higher, completely dark optical images were
observed (Figure 5a–c). This is mainly because OH− released by the enzymatic hydrolysis
reaction leads to the deprotonation of PBA molecules and adsorption at the interface to
form a stable monolayer film. As for the concentration of urea lower than 1 mM, fully
bright optical images were observed (Figure 5d–f). Therefore, the concentration of urea
was fixed at 1 mM to explore the optical concentration of urease. The urease solutions
with different concentrations were separately mixed with 1 mM urea solution at room
temperature and incubated. The observed optical images of LC were displayed in Figure 6.
When the concentration of the added urease was 1 µg/mL or above, LC presented com-
pletely dark optical images (Figure 6a,b). When the concentration of urease was lower than
1 µg/mL, fully bright optical images of LC were obtained (Figure 6c,d). Based on the above
experimental results, the minimum urease concentration that can completely hydrolyze
1 mM urea is 1 µg/mL. Therefore, the subsequent experiments were conducted with
1 µg/mL urease solution and 1 mM urea solution.

Figure 5. Optical images of LC after contacting with the pre-incubated mixture of 5 µg/mL urease
and (a) 5 mM, (b) 2.5 mM, (c) 1 mM, (d) 0.5 mM, (e) 0.1 mM, and (f) 0.01 mM urea, respectively. Scale
bar: 285 µm.

Figure 6. Optical images of LC in contact with the pre-incubated mixture of 1 mM urea and
(a) 2 µg/mL, (b) 1 µg/mL, (c) 0.5 µg/mL, and (d) 0.1 µg/mL urease, respectively. Scale bar: 285 µm.
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3.3. Inhibitory Effect of Heavy Metal Ions on Urease

It is reported [35,36] that the catalytic active site of urease contains a thiol group, and
heavy metal ions can interact with it, leading to the inactivation of urease. Therefore,
three common heavy metal ions, namely Hg2+, Cu2+, and Pb2+, were selected to inves-
tigate their inhibitory effects on urease. First, the solutions of heavy metal ions with
different concentrations were mixed with the urease solution; then, the urea solution was
added. After pre-incubation, the reaction mixture was transferred to the LC-based sensing
platform. The observed optical images of LC are demonstrated in Figure 7. When the
concentration of Hg2+ was relatively high (100 ng/mL, 75 ng/mL and 50 ng/mL), bright
optical images of LC were observed (Figure 7a–c), which can be attributed to the inhibited
activity of urease. In the case of the concentration of Hg2+ lower than 50 ng/mL, the
activity of urease was maintained and the enzymatic hydrolysis reaction can still occur,
obtaining the dark optical images (Figure 7d–f). This indicates that the minimum concen-
tration of Hg2+ that can completely inhibit urease activity is 50 ng/mL. Correspondingly,
under the same conditions, the effects of different concentrations of Cu2+ and Pb2+ on
urease activity were investigated. The obtained optical images of LC are illustrated in
Figures 8 and 9, respectively. It was found that the minimum concentrations of Cu2+ and
Pb2+ that could completely inhibit urease activity were 60 ng/mL and 200 ng/mL, respec-
tively. From the above results, it can be concluded that the order of inhibitory ability of these
three heavy metal ions on urease is Hg2+ > Cu2+ > Pb2+, which is consistent with the re-
search results reported in the literature [37–39]. According to the soft and hard acid-base
theory of Pearson [40,41], Hg2+ is a soft acid, both Cu2+ and Pb2+ are borderline acids, and
the thiol group of urease is a soft base. Therefore, compared with Cu2+ and Pb2+, Hg2+

has a stronger binding ability to the thiol group on the active site of urease and a stronger
ability to inhibit urease activity. Therefore, 50 ng/mL of Hg2+ was selected to inhibit the
activity of urease for the subsequent experiments of detecting biothiols.

Figure 7. Optical images of LC when 1 mM urea was pre-incubated with the mixture of 1 µg/mL
urease and (a) 100 ng/mL, (b) 75 ng/mL, (c) 50 ng/mL, (d) 25 ng/mL, (e) 10 ng/mL, and
(f) 1 ng/mL Hg2+, respectively. Scale bar: 285 µm.
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Figure 8. Optical images of LC when 1 mM urea was pre-incubated with the mixture of 1 µg/mL
urease and (a) 100 ng/mL, (b) 75 ng/mL, (c) 60 ng/mL, (d) 50 ng/mL, (e) 25 ng/mL, and
(f) 10 ng/mL Cu2+, respectively. Scale bar: 285 µm.

Figure 9. Optical images of LC when 1 mM urea was pre-incubated with the mixture of 1 µg/mL
urease and (a) 500 ng/mL, (b) 250 ng/mL, (c) 200 ng/mL, (d) 150 ng/mL, (e) 100 ng/mL, and
(f) 10 ng/mL Pb2+, respectively. Scale bar: 285 µm.

3.4. The Sensitivity and Specificity of the LC-Based Sensing Platform in Detecting Biothiols

Using Hg2+ as the inhibitor of urease, the sensitivity of the LC-based sensing plat-
form in detecting biothiols was explored. A series of biothiol solutions with different
concentrations were separately incubated with 50 ng/mL Hg2+ solution, and then urease
solution and urea solution were added successively. After the pre-incubation was com-
pleted, the observed optical images of LC are shown in Figure 10. When the concentration
of added Cys reached or exceeded 0.1 µM, dark LC images were obtained (Figure 10a–c).
This occurred because Hg2+ had a stronger binding affinity for the thiol groups of Cys.
When the urease solution was introduced, Hg2+ no longer interacted with urease, thereby
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maintaining urease activity and ensuring the enzymatic hydrolysis reaction proceeded
normally. When the concentration of Cys was lower than 0.1 µM, the LC images exhibited
a bright morphology (Figure 10d–f). After the reaction of Hg2+ with the low-concentration
Cys solution was completed, the remaining Hg2+ in the solution could still interact with
urease, thereby inhibiting its activity and preventing the enzymatic hydrolysis reaction
from proceeding normally. Based on observation of the changes in the optical images
of LC, the detection limit of Cys can be obtained as ~0.1 µM. Similarly, according to the
corresponding experimental results (Figures 11c and 12c), the detection limits of Hcy and
GSH are ~0.1 µM and ~0.5 µM, respectively. Compared with the LC-based sensing platform
constructed based on the coordination effect [42,43], the pH-responsive LC-based sensing
platform has significantly improved sensitivity in detecting Cys and Hcy.

Figure 10. Optical images of LC in contact with the pre-incubated 50 ng/mL Hg2+ and (a) 10 µM,
(b) 1 µM, (c) 0.1 µM, (d) 0.05 µM, (e) 0.01 µM and (f) 1 nM Cys, 1 µg/mL urease, and 1 mM urea,
sequentially. Scale bar: 285 µm.

Figure 11. Optical images of LC in contact with the pre-incubated 50 ng/mL Hg2+ and (a) 10 µM,
(b) 1 µM, (c) 0.1 µM, (d) 0.05 µM, (e) 0.01 µM and (f) 1 nM Hcy, 1 µg/mL urease, and 1 mM urea,
sequentially. Scale bar: 285 µm.
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Figure 12. Optical images of LC in contact with the pre-incubated 50 ng/mL Hg2+ and (a) 10 µM,
(b) 1 µM, (c) 0.5 µM, (d) 0.1 µM, (e) 0.05 µM and (f) 0.01 µM GSH, 1 µg/mL urease, and 1 mM urea,
sequentially. Scale bar: 285 µm.

Subsequently, the specificity of the LC-based sensing platform constructed by PBA-
doped 5CB was examined in detecting biothiols. The Hg2+ solution was separately pre-
incubated with 10 µM solutions of various amino acids (His, Asp, Thr, Trp, Gly, Glu,
Leu, Pro, Ser, Met, Lys, Arg, Ile, Val, Tyr, Asn, Gln, Phe, Ala) and GSSG, respectively.
Subsequently, urease and urea solution were added successively for incubation. The
experimental results obtained by transferring the mixed solution to the LC-based sensing
platform are shown in Figure 13. It was found that when the above-mentioned interfering
substances without thiol groups were added, all the obtained optical images of LC were
bright, which was completely different from the completely dark optical images obtained
in the presence of 10 µM Cys, Hcy, and GSH (Figures 10a, 11a and 12a). This indicates
that only when the biothiols solution is incubated with the Hg2+ solution can the urease
maintain activity and ensure the normal progress of the enzymatic hydrolysis reaction.
Accordingly, dark optical appearances of LCs were observed. However, in other cases, the
enzymatic hydrolysis reaction is inhibited. This means that the PBA-doped LC sensing
platform constructed has high specificity in detecting biothiols.

Figure 13. Optical images of LC after contacting with the pre-incubated 50 ng/mL Hg2+ and 10 µM
(a) His, (b) Asp, (c) Thr, (d) Try, (e) Gly, (f) Glu, (g) Leu, (h) Pro, (i) Ser, (j) Met, (k) Lys, (l) Arg,
(m) Ile, (n) Val, (o) Tyr, (p) Asn, (q) Gln, (r) Phe, (s) Ala and (t) GSSH, 1 µg/mL urease, and 1 mM
urea, sequentially. Scale bar: 285 µm.
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A detailed performance comparison between the proposed LC-based platform and
existing colorimetric or fluorescence-based biothiol sensors has been provided in Table 1.

Table 1. Comparison of the assays proposed by this work and other reports for detecting Cys, Hcy,
and GSH.

Method Detection Limit Specificity Cost Response Time Reference

Fluorescence
97 nM (Cys)
94 nM (Hcy)
93 nM (GSH)

High High ≤10 min [44]

Fluorescence
29 nM (Cys)
16 nM (Hcy)
23 nM (GSH)

High High ≤30 min [45]

Fluorescence
0.129 µM (Cys)
0.143 µM (Hcy)
0.142 µM (GSH)

High High ≤7 min [46]

Fluorescence
12.5 nM (Cys)
1.0 nM (Hcy)
2.4 nM (GSH)

High High ≤13 min [47]

Colorimetric
31.12 µM (Cys)
13.24 µM (Hcy)
12.45 µM (GSH)

Medium Medium ≤30 min [48]

Colorimetric
0.03 µM (Cys)
0.05 µM (Hcy)
0.02 µM (GSH)

Medium Medium ≤30 min [49]

Colorimetric
0.4 µM (Cys)
0.6 µM (Hcy)
0.9 µM (GSH)

Medium Medium ≤25 min [50]

Liquid Crystal
0.1 µM (Cys)
0.1 µM (Hcy)
0.5 µM (GSH)

Medium Low ≤5 min This work

As can be seen from Table 1, by comparison with the existing colorimetric or
fluorescence-based biothiol sensors, the proposed LC-based platform exhibits a satisfying
performance for detecting biothiols. Although this method does not have the lowest detec-
tion limit, it has remarkable advantages in response time and cost. Moreover, it is also a
simple and convenient assay for detecting biothiols.

4. Conclusions
A pH-responsive LC sensing platform was constructed for detecting biothiols by

doping PBA molecules into LCs. Based on the pH change in solution caused by urease
hydrolysis of urea, Hg2+ can interact with urease and thereby inhibit the activity of urease.
Accordingly, the LC molecules adopted a tilted alignment, and a bright optical image
was observed under POM. While in the presence of biothiols, the activity of urease was
maintained due to the stronger binding ability of Hg2+ to biothiols. The OH− released by
the enzymatic hydrolysis reaction of urea increased the pH of the solution. In this case,
the deprotonated PBA molecules induced the LC molecules on the interface to adopt a
homeotropic alignment, and LC presented dark optical images. Hence, the detection of
Cys, Hcy, and GSH can be achieved based on the changes in the optical images of LC,
and their detection limits are approximately 0.1 µM, 0.1 µM, and 0.5 µM, respectively. In
addition, when other interference substances without thiol groups were used to replace the
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biothiols, the obtained optical images of LC were all bright, indicating that the LC-based
sensing platform has good specificity for the detection of biothiols. A simple, low-cost and
label-free strategy for detecting biothiols was proposed in this study and it has potential
application prospects in the diagnosis of diseases related to biothiols.
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Cys Cysteine
Hcy Homocysteine
GSH Glutathione
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5CB 4-n-pentyl-4-cyanobiphenyl
DMOAP N, N-dimethyl-N-octadecyl-3-(trimethoxysilyl) propylammonium chloride
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