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The selective detection of glutathione (GSH) has been used as important colorimetric probe for human health.
Herein, we used a facile method to synthesize manganese ions modified porphyrin metal-organic framework
(PCN-224-Mn) with a size of 125.7 + 14.2 nm and zeta potential of —3.9 + 0.5 mV. We showed that PCN-224-
Mn catalyzed oxidation of 3,3',5,5'-tetramethylbenzidine (TMB) in the absence of Hy0s, resulting in a blue-
colored oxidized TMB (oxTMB) that exhibits oxidase-like activity. Furthermore, a simple colorimetric detec-

tion method for GSH was developed based on the oxidase-like activity of PCN-224-Mn. This method shows wide
linear detection range of 0.5-60 pM for GSH with a much lower detection limit of 0.233 uM. Finally, the recovery
of colorimetric sensor of PCN-224-Mn suggests its great potential as a biosensor. As the catalytically active site,
the manganese porphyrin unit plays a major role in the oxidase-like property and detection ability of PCN-224-
Mn. Our data suggest that GSH detection method using PCN-224-Mn has great potential in multiple applications

in the future.

1. Introduction

Glutathione (GSH) is composed of cysteine, glutamic acid, and
glycine, which exists in every cell of the body and plays a key role in
many physiological processes. As an antioxidant, GSH is involved in the
maintenance of maintain protein structure, intracellular signal trans-
duction, gene transcription regulation, and immune response (Lee et al.,
2018). The levels of GSH have been shown to be a key indicator to
monitor diseases in skin, blood, cancer, and others (Chen et al., 2015;
Yang et al., 2020). Therefore, quantitative detection of GSH is critical in
the diagnosis of aforementioned diseases (Lin et al., 2022). Many GSH
detection methods have been developed recently, including electro-
chemical, chromatography, fluorescence, colorimetry, and chem-
iluminescence methods (Huang et al., 2022; Li et al., 2017; Sun et al.,
2022; Xie et al., 2021). In addition, chip-based microsensors have shown
the potential for the construction of biosensors to monitor GSH levels
(Peteu et al., 2021; Xu et al., 2019). Among these methods, colorimetry
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has attracted more and more attention because of its simplicity, low cost,
and convenience (Liang et al., 2022).

In general, materials with peroxidase-like activity have been used for
colorimetric detection of GSH (Chen et al., 2021a; Fan et al., 2021a;
Yang et al., 2021). However, most of those protocols require H2O3 as a
substrate to generate reactive oxygen species (ROS), such as hydroxyl
radicals. Because HO5 is easily decomposed by heat, it is necessary to
develop oxidase-like enzymes whose activity does not depend on H305.
The emergence of oxidase-like enzymes opens up a novel direction for
development of biosensors. So far, materials based on precious metal
nanomaterials with oxidase-like activity have attracted attention,
including Cit-Pt NPs (Lin et al., 2021), Ru@V304 (Hou et al., 2021), and
PVP-Pt NCs (Liu et al., 2021). However, the application of precious
metal materials has been greatly restricted due to their high cost.

As a new class of functional material, metal-organic frameworks
(MOFs) have numerous promising properties, such as energy storage
(Guetal., 2021), heterogeneous catalysis (Hao et al., 2021), and sensing
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(Fan et al., 2021b). In recent years, MOFs have also become promising
enzyme mimetics (Huang et al., 2021). Compared with other artificial
enzymes, MOF-mimic enzymes have more accessible catalytic sites and
excellent properties that mimic enzyme catalytic activities. MOFs with
an intrinsic enzyme-like activity have been developed recently, such as
MIL-88 (Xu et al., 2021), ZIF-8 (Wang et al., 2020), Co-MOF (Wan et al.,
2021), and Co/Mn-MOFs (Qi et al., 2019), providing possibilities for
MOF-based colorimetric sensing applications in biological analysis.
PCN-224 (porous coordination network-224) is a porphyrin Zr-MOF
with simple and stable structure that is easy to be synthesized. The
porphyrin cavity of PCN-224 provides an active site for some metals,
resulting in a heme-like structure. When some metals are introduced
into PCN-224, MOF materials with enzyme-like properties could be
obtained, such as PCN-224-Pt (Zhang et al., 2018b), PANPs@PCN-224
(Xia et al., 2021), and Fe@PCN-224 (Li et al., 2019). Therefore,
metal-incorporated PCN-224 can provide a platform for the develop-
ment and design of novel mimetic enzymes.

In this work, PCN-224 constructed by Zrg node and TCPP ligand was
prepared. Then, Mn(II) was coordinated to the center of the porphyrin
unit to produce Mn-modified MOFs, named as PCN-224-Mn. The man-
ganese porphyrin unit in PCN-224-Mn served as an active site to mimic
oxidase. The oxidase-like property was investigated by using TMB as the
substrate. Based on this property, a colorimetric method was developed
to detect GSH (Scheme S1). In addition, PCN-224-Mn was further
employed in practical GSH detection in real sample. Therefore, as a MOF
with oxidase-like activity, PCN-224-Mn shows promising applications in
biochemical analyses.

2. Experimental section

We first constructed PCN-224 with Zrg node and TCPP ligand, and
then incorporated Mn(II) into PCN-224 to form PCN-224-Mn. In order to
explore the enzyme-like properties of PCN-224, many experiments were
carried out such as oxidase-like activity of PCN-224-Mn, kinetic anal-
ysis, the mechanism of oxidase-like activity, colorimetric detection of
GSH, and detection of GSH in real samples. The colorimetric method of
GSH detection was established due to the enzyme-like properties of PCN-
224-Mn and used in analysis of real samples.

2.1. Materials and apparatus

Zirconyl chloride octahydrate (ZrClO»-8H20), benzoic acid (BA),
3,3/,5,5'-tetramethylbenzidine (TMB), o-phenylenediamine (OPD), 2,2'-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), p-benzoqui-
none (BQ), ethylenediaminetetraacetic acid disodium salt (EDTA-2Na),
sodium azide (NaNs), glutathione (GSH), HAc, and NaAc were pur-
chased from Aladdin (Shanghai, China). Manganese chloride tetrahy-
drate (MnCly-4H50) was purchased from Shanghai Yien Chemical
Technology Co., Ltd (Shanghai, China). N,N-dimethylformamide (DMF)
and isopropanol (IPA) were purchased from Kemio Chemical Reagent
Co., Ltd (Tianjin, China). Tetrakis(4-carboxyphenyl) porphyrin (TCPP)
as purchased from Bide Pharmatech Ltd (Shanghai, China). Human
blood was taken from healthy volunteers. Food-grade glutathione was
purchased from Liyuan Biotechnology Co., Ltd.

The transmission electron microscopy (TEM) and energy dispersive
spectroscopy (EDS) analysis were performed on HT 7700. The scanning
electron microscope (SEM) images were collected on SUPRA 55. The
hydrodynamic size and zeta potential were measured by Zetasizer Nano-
7ZS90 based on dynamic light scattering (DLS) technology. UV-vis
spectra were recorded on a UV-TU1810PC spectrophotometer. The
Fluorescence (FL) spectra were recorded on F-7000. The infrared (IR)
spectra were recorded on Nicolet iS10. The X-ray photoelectron spec-
troscopy (XPS) spectra were performed on Thermo Scientific EACALAB
Xi+. The inductively coupled plasma-atomic emission spectrometry
(ICP-AES) was performed on iCAP 6300 Radial. The X-ray diffraction
(XRD) data were measured with a Rigaku D/max-2550 diffractometer.
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The thermogravimetric analysis (TGA) data was determined by STA 409
PC thermogravimetric analyzer. An MSC-100 Thermo Shaker was used
for incubation.

2.2. The synthesis of PCN-224-Mn

The synthesis of PCN-224 was reported previously (Park et al.,
2016). Typically, ZrOClg-H,0 (180 mg), TCPP (60 mg), and BA (1.68 g)
were dissolved in 60 mL DMF, and then the mixture was incubated in a
water bath at 90 °C for 5 h. The PCN-224 particles were separated by
centrifugation (9000 rpm, 20 min). The obtained purple solid particles
were washed for 3 times with DMF and ultrapure water. Subsequently,
MnCl,-4H,0 (100 mg) and obtained PCN-224 (50 mg) were dissolved in
20 mL DMF by stirring for 12 h at 120 °C in an oil bath. PCN-224-Mn was
collected by centrifugation and dried in a vacuum oven.

2.3. Oxidase-like activity of PCN-224-Mn

The oxidase-like activity of PCN-224-Mn was monitored by oxidizing
TMB. In brief, 50 pL of PCN-224-Mn (1 mg/mL), 1000 pL of TMB (0.8
mM) and 400 pL of HAc-NaAc buffer (pH 4.0, 0.2 M) were mixed and
incubated at 25 °C for 5 min. The absorption spectrum was obtained by
recording in the range of 300-800 nm. In addition, two other substrates
(OPD and ABTS), were used to assess oxidase-like activity using the
same method. The relative activity of PCN-224-Mn was evaluated under
different experimental conditions, including pH value from 2.0 to 11.0,
and temperature from 15 to 70 °C.

2.4. Kinetic analysis

The kinetic analysis was conducted in HAc-NaAc buffer (pH 4.0, 0.2
M) containing various concentrations of TMB (0.055-0.50 mM). We
added 50 pL of PCN-224-Mn (1 mg/mL) to the above solutions to the
total volume of 1450 pL. The absorbance at various concentrations of
TMB were recorded at 652 nm using time scanning mode. The Ky, and
Vmax values of PCN-224-Mn oxidized TMB were calculated using
Michaelis-Menten equation and Lineweaver-Burk plot (Dong et al.,
2021):

1 K, 1 1

V Ve B Vo

@

where v and V.« stand for the initial and the maximum initial reaction
rate, respectively. [S] and K, stand for the substrate concentration and
Michaelis constant, respectively.

2.5. The mechanism of oxidase-like activity

First, the effect of dissolved oxygen in the reaction solution was
analyzed. 1 mL of PCN-224-Mn (1 mg/mL) and 5 mL of TMB (0.8 mM)
were bubbled with N3 for 30 min to remove oxygen. 50 pL. PCN-224-Mn
(1 mg/mL) and 1000 pL TMB (0.8 mM) were mixed and incubated at
25 °C for 5 min, then the absorption spectrum was recorded.

Secondly, the nature of ROS generated during the experiments was
investigated by the effects of different free radical scavengers on the
oxidase-like activity. These free radical scavengers include NaNs, IPA,
BQ, and EDTA-2Na. To the reaction solution of 50 pL PCN-224-Mn (1
mg/mL), 1000 pL TMB (0.8 mM), 300 pL NaAc-HAc (pH = 4, 0.2 M), add
100 pL of different capture agents at different concentrations were
added. The absorbance was measured after incubation at 25 °C for 5
min. The concentrations of these free radical scavengers were 1 mM, 5
mM, and 10 mM, respectively.

2.6. Colorimetric detection of GSH

For the detection of GSH, 50 pL. PCN-224-Mn (1 mg/mL), 1000 pL
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TMB (0.8 mM), and 200 pL HAc-NaAc buffer (pH 4.0, 0.2 M) were mixed
and incubated at 25 °C for 5 min. Then, different concentrations of GSH
were added for further incubation for 5 min. The color of the reaction
solution was observed and the absorbance of each reaction solution at
the wavelength of 500-800 nm was recorded.

In addition to GSH, other interfering substances were also used for
the interference experiment. These interfering substances include amino
acids (phenylalanine, tyrosine, glycine, alanine, lysine, proline, leucine,
histidine), inorganic ions (K*, Na*, Ca?*, Mg?"), and sugars (maltose,
lactose, fructose, glucose). The concentrations of these substance used
was 1200 pM.

2.7. Detection of GSH in real samples
To illustrate application of PCN-224-Mn in GSH detection, human

serum and food grade glutathione were used. Human blood was taken
from healthy volunteers, and the supernatant was obtained after

120, 130
= zﬁlﬂn\m’ )

140 150 160
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centrifugation at 5000 rpm for 3 min. The supernatant was diluted 5
times with ultrapure water. Then, 200 pL of diluted serum was added to
the system [TMB + PCN-224-Mn], and the GSH concentration was
detected using the above-mentioned colorimetric method. Food-grade
glutathione was also analyzed by a similar method.

3. Results and discussion

Zre node and TCPP ligand were used to construct PCN-224, which
was incorporated Mn(Il) to form PCN-224-Mn. The structure of PCN-
224-Mn was characterized by TEM, XPS and DLS. Then, PCN-224-Mn
had oxidase-like activity, and its activity was related to the superoxide
anions produced in the system. A colorimetric method for the detection
was established base on the oxidase-like activity of PCN-224-Mn. The
concentration of GSH in real samples was measured using this method.
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Fig. 1. TEM images of (a) PCN-224 and (b) PCN-224-Mn. (c) The hydrodynamic size and (d) zeta potential of PCN-224 and PCN-224-Mn; XPS spectra of PCN-224-

Mn: (e) survey spectra, (f) high resolution XPS spectra of Mn 2p.
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3.1. Characterization of PCN-224-Mn

PCN-224 is a stable metal-organic framework consisting of Zrg node
and TCPP ligand. In this work, Mn(II) was inserted into PCN-224 by
passing through an oil bath of 120 °C to generate PCN-224-Mn. The
features of PCN-224 and PCN-224-Mn were monitored by TEM and SEM
imaging as shown in Fig. 1 and Fig. S1. PCN-224 was successfully syn-
thesized with spherical structure and uniform size. The morphology of
PCN-224-Mn is similar to PCN-224. After statistical analysis, the sizes of
PCN-224 and PCN-224-Mn were 129.7 4+ 11.6 nm and 125.7 + 14.2 nm,
respectively. The state of particles in solution was measured by DLS (He
etal., 2022). PCN-224 showed a hydrodynamic size of 140 nm, while the
size of PCN-224-Mn was 180 nm (Fig. 1c). The hydrodynamic size of
PCN-224-Mn was larger than that of PCN-224. The formation of larger
hydrodynamic size of PCN-224-Mn observed by DLS may be attributed
to enhanced hydration of PCN-224-Mn (Li et al., 2019). Moreover, the
zeta potential of PCN-224 and PCN-224-Mn was 25.2 + 0.9 mV and
—3.9 £+ 0.5 mV, respectively (Fig. 1d).

The elemental composition of PCN-224-Mn was analyzed by XPS,
and the spectrum of PCN-224-Mn is shown in Fig. le. These peaks
represent C, N, O, Zr and Mn elements, which is consistent with the EDS
results. The high-resolution of Mn 2p exhibited two peaks at 653.3 eV
and 641.5 eV, which are likely Mn 2p; /2 and Mn 2ps 5 (Fig. 1f). The peak
of Mn 2ps3/5 could be deconvoluted into two peaks at 642.3 eV and
640.7 eV, which belong to Mn®** and Mn?™, respectively. In addition, the
asymmetry of the Mn 2ps,» peak indicates the existence of mixed-
valence manganese (Qi et al., 2019). The Mn content measured by
ICP-AES is 4.34 wt%.

The spectral difference among TCPP, PCN-224, and PCN-224-Mn
was shown in Fig. 2 and Fig. S3. PCN-224 exhibited a strong peak at
425 nm and four weak peaks between 500 and 700 nm. These absorption
peaks were likely attributed to the Soret band and Q-bands of TCPP
ligand, respectively (Tao et al., 2021). Compared with PCN-224, the
UV-vis absorption of PCN-224-Mn presented a great change and the
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Q-bands of PCN-224-Mn disappeared, indicating that the porphyrin ring
was coordinated with Mn(II). Moreover, FTIR spectroscopy was used to
analyze the structure of PCN-224-Mn. The asymmetric vibrational in-
tensity of C-OH (1246 cm™*) and G=0 (1696 cm ') of PCN-224 and
PCN-224-Mn was much lower than that of TCPP, which was attributed
to the coordination between Zrg cluster and carboxyl groups (Fig. 2b).
The disappearance of N-H bond (3310 cm ™! and 965 cm™!) and the
formation of N-Mn bond (1010 cm™!) were observed in PCN-224-Mn
(Fig. 2¢). Remarkably, compared with PCN-224, PCN-224-Mn exhibi-
ted fluorescence quenching when excited at 425 nm (Fig. S2). The co-
ordination of Mn(II) with the nitrogen atoms in the porphyrin structure
quenched the fluorescence of PCN-224-Mn (Zhang et al., 2018a). As
shown in Fig. 2d, EDS elemental analysis confirmed that C, N, O, Zr and
Mn were uniformly distributed in PCN-224-Mn, Cu likely came from the
test copper mesh. These results indicate the coordination of the
porphyrin ring with Mn, and the successful preparation of PCN-224-Mn.

As shown in Fig. S3, XRD results revealed that PCN-224 had a good
phase purity of consistency with the simulated PCN-224 structure.
However, the crystallinity of PCN-224-Mn became poorer compared
with PCN-224. The TGA curves of PCN-224 and PCN-224-Mn were
shown in Fig. S5, which indicated the same weightlessness character-
istics. The weight loss of the two structures after treated with high
temperature (500 °C) may be attributed to the dehydration of the Zrg
node (Ji et al., 2020; Lin et al., 2019). The weight loss above 500 °C can
be attributed to the decomposition of the porphyrin ligand (Ji et al.,
2020). Moreover, the total weight loss of PCN-224 and PCN-224-Mn was
about 46% and 38%, respectively.

3.2. Oxidase-like activity of PCN-224-Mn

Some substrates with special optical phenomena are used to build
sensors (Xu K. 2021). To test whether PCN-224-Mn as well as TCPP
ligand and PCN-224 show oxidase-like activity, the absorbance of four
groups was measured from 300 to 800 nm. As shown in Fig. 3a, TCPP
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Fig. 2. (a) UV-vis spectra, (b) FTIR spectra and (c) magnified FTIR spectra of TCPP, PCN-224 and PCN-224-Mn, (d) EDS spectrum of PCN-224-Mn.
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Fig. 3. (a) UV-vis spectra of each system and (b) time-dependent absorbance changes at 652 nm in TMB and TMB + PCN-224-Mn. (c) The oxidase-like activity of

PCN-224-Mn depends on pH and temperature.

and PCN-224 did not react with TMB, but PCN-224-Mn catalyzed
oxidation of TMB to produce oxTMB and cause color change to blue,
indicating the oxidase-like activity of PCN-224-Mn. To further verify
this, the change of absorbance of PCN-224-Mn within 500 s was fol-
lowed (Fig. 3b). Strikingly, the absorbance of [TMB + PCN-224-Mn]
group increased sharply to 0.5 within 100 s, and the color of solution
rapidly changed to blue. For the oxidase-like catalysis of PCN-224-Mn,
the absorbance reached saturation after some time, which meant TMB
in the reaction system was completely converted to oxTMB. Under the
same conditions, the absorbance and solution color of [TMB] group
remained almost unchanged. In addition, typical substrates such as OPD
and ABTS were also used to evaluate the oxidase-like activity of
PCN-224-Mn (Fig. S5a). After PCN-224-Mn was added into the solution
containing these substrates, color changes occurred. Consistently,
PCN-224-Mn reacted with OPD and ABTS to generate oxOPD and
oxABTS with maximum absorption peaks at 450 and 420 nm, respec-
tively (Fig. S5b).

Similar to many enzyme mimics, we speculated that the catalytic
activity of PCN-224-Mn also depends on pH and temperature. Therefore,
the catalytic activity of PCN-224-Mn was compared under the conditions
of pH from 2.0 to 11.0 or temperature from 15 to 70 °C. As displayed in
Fig. 3c, the catalytic activity of PCN-224-Mn gradually increased as pH
changed from 2 to 4, and gradually decreased as pH changed from 4 to
11. Hence, PCN-224-Mn exhibits the maximum activity at pH 4.0,
indicating that TMB was easily oxidized in a weak acidic condition. This
might be related to the status of PCN-224-Mn. In addition, we examined
temperature-dependent catalytic activity of PCN-224-Mn at pH 4.0 from
15 to 70 °C (Fig. 3c). The optimal temperature for PCN-224-Mn as an
artificial enzyme was 25 °C. Therefore, the optimal conditions for
studying the oxidase activity of PCN-224-Mn on the substrate TMB are
pH 4.0 and temperature 25 °C.

3.3. Steady-state kinetic

We further tested the steady-state kinetics of the substrate on the
[TMB + PCN-224-Mn] group to obtain more details about the properties
of the oxidase-like activity. The typical Michaelis-Menten curve was
obtained by plotting the corresponding initial reaction rate and sub-
strate concentration (Fig. 4a). By taking the double reciprocal of the data
in Fig. 4a, the Lineweaver-Burk diagram (Fig. 4b) was obtained. The
parameters (K, and Vp,.x) were calculated, and compared with other
catalysts. The K, was calculated to be 0.243 mM, which was lower than
those of catalysts in Table S1. This result suggests that PCN-224-Mn had
a decent affinity toward TMB. The excellent affinity of PCN-224-Mn for
TMB is likely attributed to its own negative charge. Since the amine
group of TMB is positively charged, and negatively charged mimetic
enzymes can exhibit stronger affinity for TMB (Chen et al., 2021b).

3.4. Mechanistic studies

The possible mechanism of the oxidase-like activity of PCN-224-Mn
is derived from the conversion of dissolved oxygen into ROS during the
reaction. As shown in Fig. 5a, the absorbance at 652 nm was found to be
greatly reduced in the N, purged solution. The absorbance of [TMB +
PCN-224-Mn] at 652 nm after Ny gas treatment was 0.43 times of the
value obtained in air. In the [TMB + PCN-224-Mn] group, the oxidation
reaction depends on the reactive ROS generated by dissolved oxygen. To
explore the effect of ROS on this reaction, NaN3, IPA, BQ and EDTA-2Na
were used as scavengers to singlet oxygen (10,), hydroxyl radicals
(eOH), superoxide anions (O3 ") and hole (h™M), respectively. As shown in
Fig. 5b, compared with the control experiment, the catalytic activity was
significantly reduced in the presence of BQ, while other scavengers only
showed weak effect on the reaction. The results suggest that OF is
produced in the [TMB + PCN-224-Mn] system. Thus, PCN-224-Mn likely
catalyzes the conversion of dissolved oxygen to O3 radicals, which
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further oxidize TMB into blue oxTMB.
3.5. GSH detection

GSH presents naturally in the plasma of human body. There is an
intimate relationship between glutathione metabolism and diseases such
as cancer, cardiovascular and ophthalmic diseases (Lee et al., 2018).
Therefore, it is important to exploit a fast and reliable method to detect
GSH in human samples. Because of the antioxidant properties, GSH has
the ability of reducing oxTMB to TMB, showing obvious color change.
Therefore, a simple GSH detection method was established by combing
this property of GSH with the oxidase-like activity of PCN-224-Mn.

As shown in Fig. 6a, when different concentrations of GSH were
added to the [TMB + PCN-224-Mn] group, a gradual decrease in
absorbance at 652 nm was observed with increasing GSH concentration.
Fig. 6b showed that the absorbance change of oxTMB at 652 nm (AA)
was directly proportional to GSH concentration. In Fig. 6¢, the AA dis-
played a linear relationship with GSH concentration, expressed as AA =
0.0043CgsH;+0.03612 (R? = 0.995). This linear trend was further
presented in Fig. S6. Moreover, the linear range of GSH concentration
was from 0.5 to 60 pM, and the detection limit was 0.233 pM. Other
reported materials with oxidase-like property for colorimetric detection
of GSH sensors were summarized in Table S2, and the method based on
PCN-224-Mn showed a wider linear range and lower detection limit.

To analyze the specificity of PCN-224-Mn-based method, several
amino acids, inorganic ions, and various sugar were set as controls. In
this experiment, the concentration of the substances listed above was
1200 pM, while GSH concentration was 60 pM. Only GSH obviously
inhibited the color reaction of TMB (Fig. 6d), indicating that this assay
shows an excellent selectivity for GSH detection.

In order to further verify the reliability and accuracy of established
method, human plasma and food-grade GSH were measured, and stan-
dard addition method was used to carry out recovery experiments. As
shown in Table S3, the acceptable recovery rate was from 101.51% to
110.97%, and the relative standard deviation (RSD) was less than 6%.
Thus, the established method showed satisfactory results for GSH
detection in these samples. These results indicate that this [TMB + PCN-
224-Mn]-based colorimetric method is reliable for GSH detection.

4. Conclusions

In summary, PCN-224-Mn with oxidase-like activity was successfully
synthesized by simple coordination. The mechanism of the catalytic
reaction was analyzed, and the enzyme activity of PCN-224-Mn came
from O35 . The oxidase-like catalytic activity of PCN-224-Mn was
affected by pH and temperature. Based on the oxidase-like property of
PCN-224-Mn, a simple and sensitive colorimetric method for GSH
detection was developed, which presented a linear response to GSH
concentration ranging from 0.5 to 60 pM with the detection limit of
0.233 pM. The human serum samples and food-grade GSH were
measured for GSH concentration using this method with decent recov-
ery. Therefore, in this work we successfully developed a colorimetric
sensing method using porphyrin MOFs, and our results suggest potential
applications of this method in catalysis, medical analysis, and biosensor.
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