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The identification and quantitation of S-nitrosothiols (RSNO) has aroused enormous levels of attention, due to
RSNO have many roles in vivo. Here, we synthesized the nanocomposites of ultrafine CuyO/layered double
hydroxide (u-Cup0/LDH) by the in situ topotactic reduction of a Cu?*-containing LDH with ascorbic acid under
gentle conditions and applied these u-CupO/LDH to detect and monitor RSNO. Electrochemical signals of u-
Cup0/LDH exhibited a wide N-acetyl-S-nitrosopenicillamine detection range from 5.0 nM-4.0 pM and 4.0
pM-400 pM, with a low detection limit of 1.58 nM. The sensor also exhibited good performance for other RSNO,
such as S-nitrosoglutathione, S-nitrosocysteine, and S-nitrosohomocysteine with corresponding limits of detec-
tion at 1.94 nM, 1.23 nM and 1.62 nM, respectively. The high levels of selectivity and sensitivity to RSNO in
complex biological environments can be attributed to the abundance of exposed active sites, and the underlying
support structure. In addition, u-CupO/LDH also exhibited dynamic nitric oxide (NO) monitoring ability from
living cells. Collectively, these results reveal that u-CupO/LDH exhibit a remarkable ability to quantify RSNO
levels in complex samples, and could therefore provide new tools for exploring ultrafine nanomaterials as a

potential biosensor to investigate biological events.

1. Introduction

As important nitric oxide (NO) carriers, sinks and reservoirs mole-
cules, S-nitrosothiols (RSNO) usually exist in blood and within living
cells and are generated in vivo via the nitrosylation of thiols by oxidative
intermediates of endogenous NO [1], which play several functions in
regulating a diverse array of physiological functions [2-7]. RSNO can
exist in many different forms, including low molecular weight (LMW)
RSNO such as S-nitrosoglutathione (GSNO) and S-nitrosocysteine
(CySNO) and high molecular weight (HMW) RSNO such as S-nitro-
soalbumin (AIbSNO) and S-nitrosohemoglobin (HbSNO) [8,9]. Due to
the physiological functions of RSNO often mirror those of NO, RSNO
concentrations have been identified as important in a number of disease
states, including Parkinson’s disease, sepsis, heart failure, asthma, and
tuberculosis [3-7,10]. On the other hand, RSNO have low stability and
could decompose to release NO via various pathways such as tempera-
ture, pH, light irradiation, various reductants and presence of copper
ions. Thus, to elucidate the biological roles of RSNO in body, quantify
their real-time levels, and investigate their molecular mechanisms, it is
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vital that we develop effective method to monitor RSNO. The develop-
ment of electrochemical method for profiling RSNO represents a sig-
nificant challenge, and the combined application of visible photolysis,
enzyme or nanomaterials is generally acknowledged as a common
strategy for RSNO detection [11-14]. However, these strategies are
unstable and low efficiency and sensitivity, thus significantly reducing
their potential application. Thus, it is a real need to develop new stra-
tegies or nanomaterials with improved performance for the detection of
RSNO.

It is reported that S-NO group in RSNO could decompose rapidly to
release NO by metal organic frameworks, transition metal (Cu and Fe)
complexes, and nanomaterials [15-21]. However, the high efficiency
decomposition of RSNO under physiological pH remains a challenge.
Among many nanomaterials, cuprous oxide (CuzO) due the low-cost,
multielectron transfer properties shows great promise in heteroge-
neous catalysis [22,23]. CupO with different defined shapes and sizes
has previously been prepared and employed to decompose RSNO [24].
The prepared Cuy0 has large size of tens to hundreds of nanometers,
which has less surface-active sites, restricting their catalytic
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performance. In order to address the aforementioned challenges, ultra-
fine nanostructured nanomaterials with lateral size of less than 10 nm
offer a promising approach [25,26]. Therefore, designing and preparing
ultrafine CuyO with improved catalytic activity toward RSNO is urgent.

Layered double hydroxide (LDH) which is a family of two-
dimensional layered clays have been extensively studied as catalyst
supports or catalyst precursors [27]. Ultrafine CupO could be prepared
by the in situ reduction of Cu?" species in Cu?*-containing LDH using
mild reducing agents [28,29]. In this process, only Cu?* are reduced,
whilst the basic LDH structure could remain. Through this strategy ul-
trafine and well dispersed Cuy0 could be obtained, which is ascribed to
the high dispersity of Cu?" ions in LDH and the large surface of LDH [30,
31]. It is important that the formed ultrafine CuyO will have good dis-
persibility and catalytic activity in the aqueous reaction medium used
for RSNO decomposition.

Herein, the nanocomposites of ultrafine CusO/LDH (u-Cup0O/LDH)
fabricated by the in situ topotactic reduction of Cu?*-containing LDH
with ascorbic acid under gentle conditions, which was acted as electrode
material and applied to detect RSNO for the first time (Scheme 1). The
formed ultrafine CupO with sub-5 nm could decompose RSNO to
generate NO, sequentially the generated NO could be electrocatalyti-
cally reduced by 7Zn>" in the LDH on the electrode [32]. The obtained
u-CuyO/LDH showed superior selectively and sensitively for the detec-
tion of RSNO. Furthermore, these nanocomposites exhibited high per-
formance with regards to the real-time detection of NO released from
living cells. All the results implied that the ultrafine CuO and the highly
exposed surface site in these nanocomposites allowed the nano-
composites with high performance to detect RSNO in complex sample.

2. Experimental
2.1. Materials and reagents

Zinc chloride (ZnCly), copper chloride dihydrate (CuCly-2H20), t-
butyl nitrite (90%), glutathione (GSH), L-cysteine (L-Cys), D,L-
homocysteine, N-acetyl-S-nitrosopenicillamine (SNAP), No-nitro-L-
arginine methyl ester hydrochloride (L-NAME), L-arginine (L-Arg) and
ascorbic acid were purchased from Sigma Aldrich Inc. (Shanghai,
China). Sodium hydroxide (NaOH) and sodium carbonate (NaxCOs3)
were obtained from Pharmaceutical Group Co., Ltd. The aforementioned
reagents were all of analytical grade without additional purification. Ny
(99.999%) and NO (99.999%) were obtained from the Xuancheng
Sanyuan Gas Co., Ltd. Ultra-pure water (>18.25 MQ, Milli-Q, Millipore)
was used in all experiments.

2.2. Apparatus
Transmission electron microscopy (TEM) images were obtained on a

JEOL JEM-2010 microscope. The scanning electron microscope (SEM)
images were carried out on an S-4800 scanning electron microscope (Hi-
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tachi, Japan). X-ray photoelectron spectroscopy (XPS) was acquired on
an ESCALAB 250Xi spectrometer. Powder X-ray diffraction (XRD) pat-
terns were recorded advance X-ray powder diffractometer operating at
40 kV and 40 mA (CuKa radiation, A = 1.5418 A). Fluorescence spectra
were measured on an F-7000 spectrometer (HITACHI, Japan). UV-vis
absorption spectra were acquired on a Hitachi U-3900 UV/vis spec-
trometer (Hitachi, Japan). Cyclic voltammetry (CV) and amperometric
measurements were carried out on a CHI 660C electrochemical work-
station (Shanghai CH Instruments, China) with three electrode system,
modified indium tin oxide (ITO) electrode as working electrode, Ag/
AgCl as reference electrode and platinum wire as the auxiliary electrode.

2.3. Synthesis of CuZn-LDH nanosheets (denoted herein as LDH
nanosheets)

10 mmol ZnCl,, and 10 mmol CuCl,-2H50 were dissolved in 15 mL
ultrapure water, which was as solution A. Solution B was prepared by
dissolving NaOH (60 mmol) and Na;CO3 (20 mmol) in 15 mL ultrapure
water. Next, solution A and solution B were simultaneously added
dropwise into 15 mL of ultrapure water at room temperature and pres-
sure under vigorous stirring to form a blue slurry, and then heated at
60 °C under continuous magnetic stirring for 16 h. After centrifugating
and washing several times with ultrapure water, the LDH nanosheets
was obtained. The obtained LDH was dried at 60 °C for 12 h, and then for
subsequent use.

2.4. Synthesis of u-CuyO/LDH

50 mL LDH suspension (2 mg/mL) was added dropwise into 50 mL
ascorbic acid solution (0.5 M, pH ~ 9) and stirred for a period of time t
(where t =1, 2 and 3 h) at room temperature and pressure. The products
were obtained by centrifugating and washing with ultra-pure water for
several times, and dried at 60 °C for 12 h. The obtained samples are
denoted herein as u-Cu,O/LDH-1, u-Cu,O/LDH-2 (also termed u-Cu,O/
LDH), u-CuyO/LDH-3, respectively.

2.5. Synthesis of RSNO

The RSNO were prepared using a simple method [33]. For S-nitro-
soglutathione (GSNO), in brief, 0.1 mmol glutathione (GSH) was added
into 1.0 mL ice-cold H20, then 12 pL t-butyl nitrite (0.1 mmol) was
added. After 30 min, the deep red solution, GSNO, was obtained.

In the case of S-nitrosocysteine (CysNO), and S-nitrosohomocysteine
(HCysNO), the procedure was same to the synthesis of GSNO, except
that the 0.1 mmol GSH is replaced by 0.1 mmol L-cysteine and 0.1 mmoL
D,L-homocysteine, respectively.

All RSNO solutions were prepared prior to use. The concentrations of
the RSNO solutions were monitored by UV-vis spectroscopy (max-
CysNO = 337 nm, e = 900 M~ em ! [33], maxGSNO = 335 nm, ¢ = 922
M ! em? [34], maxHCysNO = 335 nm, ¢ = 606 M em!? [7], and
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Scheme 1. Schematic Illustration of (A) Synthesis of u-Cu,O/LDH and (B) Electrochemical Detection Strategy for RSNO.
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maxSNAP = 335 nm, ¢ = 519 M~ em™! [7]).

2.6. Preparation of NO in solution

Firstly, 10 mL phosphate buffer solution (PBS, pH = 7.4) was

(E) Cu2p Cu®*
934.0 eV
3
8
2
(7]
c
2
£
960 950 940 930
Binding energy (eV)
(G) Zn 2p znZQ
1021.4 eV
3
< Zn*
2 | 10446ev
c
[}]
£
1050 1040 1030 1020

Binding energy (eV)

Talanta 250 (2022) 123736

bubbled with high purity nitrogen for 30 min to remove oxygen. Then
pure NO was charged for 30 min. The saturated NO solution (1.8 mM at
20 °C [35]) was obtained. Standards were freshly made for each
experiment and stored at 0 °C. Different concentrations of NO standard
solution were prepared by diluting the saturated solution using
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Fig. 1. (A) SEM and (B)TEM images of LDH, (C) TEM images of u-Cu,O/LDH, (D) XRD patterns (inset XRD pattern from 20 = 32 - 42°) for Cu,0 (a), LDH (b) and u-
Cu,0/LDH (c). Cu2p XPS spectrum of (E) LDH and (F) u-Cup,O/LDH. Zn2p XPS spectrum of (G) LDH and (H) u-Cu,O/LDH.
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deoxygenated PBS.
2.7. Cell culture

HeLa cell (Human cervix adenocarcinoma), HEpG2 (human liver
cancer cells), RAW (macrophage cells), HUVECs (human umbilical vein
endothelial cells), and U87 (human glioma cell line) were cultured using
Dulbecco’s minimal essential (DMEM) medium supplemented with 10%
fetal bovine serum (FBS). All the cells were maintained at 37 °C in a
humidified atmosphere (95% air and 5% CO3) and were kept in loga-
rithmic growth.

2.8. Electrochemical detection of RSNO and NO

Prior to the experiment, ITO electrodes (1.0 cm x 2.5 cm) were
washed with 1.0 M KOH, acetone, ethanol, and deionized water, each for
15 min, and dried at 120 °C for 2 h. Firstly, 1.0 mg u-Cup,O/LDH was
dispersed in 1.0 mL of water by sonication for 60 min. Then, 10 pL of u-
Cu0/LDH suspension (1.0 mg/mL) was spread onto the ITO surface.
After dried, 10 pL Nafion (0.5%) was cast onto the electrode and air-
dried for further use.

For cells detection, cells were seeded on the u-Cup;O/LDH/ITO
electrode at a density of ~2 x 10° cell/cm? and cultured for 24 h. During
the amperometric test, L-Arg and L-NAME was used as the stimulant for
NO releasing and the inhibitor of nitric oxide synthetase (NOS),
respectively.

3. Results and discussion
3.1. Synthesis and characterization of u-CuyO/LDH

We used ascorbic acid as the reducing agent via a one-step in situ
reduction approach to obtain u-CuzO/LDH (Scheme 1A). Briefly, CuCly
and ZnCly were mixed with NaOH and NayCOg solution to form LDH.
Subsequently, the ascorbic acid solution was added to induce ultrafine
Cu20 formation.

Scanning electron microscope (SEM) (Fig. 1A) and transmission
electron microscopy (TEM) (Fig. 1B) showed that LDH was nanosheet
with the mean diameter approximately 400 nm. Fig. 1C revealed that
the ultrafine CupO particles with an average size of 5 nm was dispersed
uniformly on the LDH nanosheets. The X-ray diffraction (XRD) were
applied to evaluate the structure of prepared u-CupO/LDH. Compared
with Cup0 (Fig. 1D, curve a) and LDH (Fig. 1D, curve b), two peaks at
36.5° and 61.52° were observed in u-Cu,O/LDH, which were indexed to
Cuy0 (111) facets and CuyO (220) facets, respectively, indicating the
formed Cup0 was cubic-phase (JCPDS No. 65-3288) (Fig. 1D, curve c).
These results indicated the u-CuyO/LDH with the general preservation of
the LDH structure had been successfully synthesized via the mild
ascorbic acid reduction process.

Furthermore, X-ray photoelectron spectra (XPS) were applied to
evaluate the chemical composition of prepared u-CupO/LDH. By fitting
the XPS spectrum of Cu2p of LDH (Fig. 1E), two strong binding energy
peaks at 934.0 eV and 954.0 eV were observed, which are assigned to the
Cu 2p3/2 and Cu 2p1/2 peaks of the Cu®", respectively [36,37], indi-
cating the chemical state of Cu in LDH is Cu®*. After LDH reacted with
ascorbic acid (Fig. 1F), two peaks at binding energies of 932.5 eV and
952.3 eV appeared, which are assigned to Cu 2p3/2 and Cu 2p1/2 peaks
of the Cuy0, respectively, showing the Cu" formed in the reduction
process [38-40]. In addition, the chemical state of Zn in LDH before and
after reacting with ascorbic acid was also investigated (Fig. 1G and H).
The deconvoluted XPS spectrum for Zn in LDH with two peaks located at
1044.6 eV and 1021.4 eV were observed, which are indexed to Zn 2p1/2
and Zn 2p3/2 of Zn2+, respectively (Fig. 1G) [32]. After LDH reacted
with ascorbic acid, the XPS result of Zn was similar to that before
reacting, revealing Zn in LDH was the form of Zn?>* and was not affected
by ascorbic acid. These results confirmed that u-CupO/LDH had been
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successfully synthesized via a gentle reaction method.

In order to explore the evolution of ultrafine CupO during the in situ
reduction process, the effects of ascorbic acid reduction time were
studied by XRD and TEM. As shown in Fig. STA, the XRD patterns for u-
Cu0/LDH showed that the intensity of CuyO (111) and Cuy0 (220)
diffraction peak increased with ascorbic acid reduction time from 1 h to
3 h, suggesting the formation and growth of ultrafine CupO. On the other
hand, no noticeable change was observed between the reaction time of 2
h and 3 h from the XRD result, showing the formation and growth of
ultrafine CusO were completed within 2 h. TEM images were used to
study the morphological evolution of ultrafine (Figs. S1B-D). The results
showed the yield of ultrafine CuyO increased with the reaction time
increasing and approached a maximum after 2 h, which was consistant
with the result of XRD. These results implied that ultrafine CupO with a
sub-5 nm of particle size could form on the surface of LDH, whilst
maintaining the LDH laminate structure.

3.2. Reactions of u-CuzO/LDH to RSNO

To ascertain the catalytic activity of u-CusO/LDH for the deni-
trosylation of RSNO, fluorescence (FL) spectroscopic and series of
UV-vis kinetics curve measurements were studied. To study this process,
DAF-FM DA which is a NO-sensitive fluorescent probe was employed. As
shown in Fig. 2A, u-CupyO/LDH (curve a) and SNAP (curve b) have no
peak intensity at 515 nm. When u-Cu20/LDH was mixed with DAF-FM
DA, no peak at 515 nm was observed (curve c). After SNAP was
immersed in DAF-FM DA for 60 min (curve d), weak fluorescence in-
tensity was obtained, indicating SNAP was decomposed and NO gener-
ated. When LDH was mixed with SNAP and DAF-FM DA for 20 min
(curve e), the observed fluorescence intensity was weak, indicating cu®*
and Zn®>" has no catalytic activity toward SNAP [32]. Compared with
u-Cuz0/LDH-1 (curve f), the fluorescence intensity was significant in-
crease after u-CupO/LDH immersed in SNAP for 20 min (curve g),
indicating an outstanding catalytic activity ultrafine CugO. A similar
trend was obtained with other S-nitrosothiols - GSNO, CysNO, and
HCysNO (Fig. S2). These results indicated that u-CupO/LDH has high
activity in the denitrosylation of RSNO. Furthermore, time-dependent
UV-vis experiments were performed to study the performance of cata-
lytic activity of u-CupO/LDH to the denitrosylation of RSNO. A range of
RSNO concentrations were employed to test typical Michaelis—Menten
curves and fitted by the Lineweaver—Burk equation (Fig. 2B and C and
Figs. S3-S5). Some important kinetic parameters such as Michae-
lis-Menten constant (K;) and maximum initial velocity (Vo) were
estimated and listed in Table S1. The apparent K;; of SNAP, CysNO,
GSNO, and HCysMO was 1.80 mM, 1.67 mM, 1.93 mM, and 3.60 mM,
respectively. K, value of u-CuO/LDH with CysNO as the substrate was
significantly lower than that of other RSNO, showing the u-CuyO/LDH
has better affinity to CysNO than other RSNO, which may be attributed
to the shorter chain length and small size of CysNO compared to other
RSNO, leading to good accessibility of CysNO to the active sites of Cu,O
[41]. The apparent K, of HCysNO was higher than that of other RSNO,
which is ascribed to the long chain length of HCysNO that tends to form
an unfavorable 7 membered ring as the intermediate [42], so HCysNO
has the biggest K, among these RSNO. These results showed that the
high surface area and the exposed activity sits in u-CuO/LDH lead to the
high performance of u-Cu,O/LDH.

3.3. Feasibility of the sensor

In order to investigate the feasibility of the sensor in response to
RSNO, we selected SNAP as a model via cyclic voltammetry (CV). Un-
expectedly, after different concentrations of SNAP addition, LDH/ITO
electrode showed no obvious current peak at around —0.55 V, which is
attributed to little NO formed in this process (Fig. 3A). However, upon
the addition of the different concentrations of SNAP, the u-Cu,O/LDH
demonstrated the strong electrochemical signal which was increased
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Fig. 2. (A) Fluorescence spectra of u-CuyO/LDH (a), SNAP (b), u-Cu,O/LDH + DAF-FM DA (c), SNAP + DAF-FM DA (d), LDH + SNAP + DAF-FM DA (e) u-Cuy0/
LDH-1 + SNAP + DAF-FM DA (f) and u-Cup,O/LDH + SNAP + DAF-FM DA (g). (Ex = 480 nm). (B)Time-dependent absorbance spectra and (C) The decomposition
rates of SNAP with different concentrations: 0.1 mM (a) 0.2 mM (b), 0.33 mM (c), 0.5 mM (c) and 0.67 mM (d) in the presence of 33 pg mL~! u-Cu,O/LDH.
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Fig. 3. CV curves of (A) LDH/ITO in a 0.1 M PBS solution containing 0 pM (a), 10 pM (b) and 90 pM (c) SNAP. (B) u-Cu,O/LDH/ITO in a 0.1 M PBS solution

containing 0 pM (a), 30 pM (b) and 70 uM (c) SNAP.

with the increasing SNAP concentration (Fig. 3B). This phenomenon can
be described due to the SNAP was decomposed by ultrafine Cu0 on the
surface of LDH, and thus, NO was released, resulting in the detectable
electrochemical signal. To identify the principle behind this process, the
LDH and u-CuyO/LDH modified electrodes were employed to detect NO
and results were shown in Fig. S6. The results showed that the similar
peak current at —0.55 V was obtained in the presence of the same
concentration of NO, suggesting that the formed ultrafine CuyO did not
affect the electrocatalytic properties of LDH toward NO. Furthermore,
the XPS spectrum of u-CupO/LDH was recorded after reacting with
SNAP (Fig. S7). This allowed us to identify two binding energy peaks at
932.6 eV (Cut 2p3/2) and 933.9 eV (Cu?t 2p3/2), thus exhibiting a
higher molar ratio of Cu?* to Cu * compared to that before reacting with
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SANP (Fig. 1F). Thus, it could be verified that Cu * on the surface of LDH
was oxidized into Cu?* by SNAP and NO released. And then the formed
NO was reduced and detected on the LDH/ITO electrode.

3.4. Detection of RSNO

Fig. 4A depicted the amperometric record for u-CupO/LDH in 0.1 M
PBS with different concentrations of SNAP. The peak current increased
with the SNAP concentration increasing. As shown in Fig. 4B, the peak
currents exhibited a good proportion to the logarithm of SNAP con-
centration with two linear ranges of 5.0 nM to 4.0 pM and 4.0 pM-400
pM. The limit of detection (LOD) for SNAP was 1.58 nM at the S/N = 3,
which was lower than that of the method of glutathione peroxidase-
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Fig. 4. (A) Amperometric response and (B) Linear calibration curve between logarithm of current and logarithm of SNAP concentration.
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based amperometric biosensor (400 nM) [12]. In addition to SNAP,
other RSNO such as CysNO, GSNO and HCysNO was tested. As shown in
Figs. S8-S10, u-CuyO/LDH/ITO displayed excellent current signal
response to different RSNO concentration. For CysNO, the LOD was 1.23
nM with two linear ranges of 4.0 nM-4.0 pM and 4.0 pM — 300 pM,
which was lower than that of the method based on visible photolysis and
amperometric detection of RSNO (40 nM) [43], glutathione
peroxidase-based amperometric biosensor (200 nM) [12] and S-Nitro-
sothiol detection in a microfluidic device (240 nM) [11]. For GSNO, the
two linear range is 6.0 nM to 6.0 pM and 6.0 pM-372 pM with LOD of
1.94 nM which was lower than 30 nM and 400 nM of the method based
on visible photolysis and amperometric detection [43], and microfluidic
method [11], respectively. For HCysNO, the two linear response was
from 5.0 nM to 5.0 pM and 5.0 pM-400 pM with the low detection limit
of 1.62 nM which was lower than 80 nM of the method based on chro-
matography coupled with chemical vapor generation atomic fluores-
cence detection [44]. These results demonstrated that the presence of
u-CupO/LDH can provide high sensitivity for RSNO determination at
physiologically relevant levels (nM—pM).

3.5. Selectivity, reproducibility, and stability of the biosensor

Selectivity is an important analytical factor for the sensor. Thus,
some biological interfering species such as glucose (Glc), dopamine
(DA), L-argine (L-Arg), ascorbic acid (AA), Hy0,, CuCly (Cu®™), ZnCl,
(Zn?"), CaCl, (Ca®"), FeSO4 (Fe?h), AgNOs (Agh), ZrCl, (zr*h), Ni
(NO3)5 (Ni%H), Co(NO3), (Co?™), HgCly (Hg?h), MnCly, (Mn2"), NaNO,,
serotonin and uric acid (UA) with the concentration at 2.0 pM were
tested. Fig. S11 depicted that the current response for SNAP (0.3 pM)
was remarkably larger than that for these interfering species, demon-
strating the sensor has the satisfactory selectivity. The excellent speci-
ficity can be attributed to the high catalytic activity of ultrafine Cu,O
toward the denitrosylation of SNAP and the exposed and dispersed
uniformly Zn?* in LDH.

In order to estimate the reproducibility, 10 pM SNAP was tested by
ten independently u-CupO/LDH/ITO electrodes. The relative standard
deviation (RSD) (n = 3) of 1.33% was obtained. For repeatability, the
RSD of 1.20% was obtained with ten measurements in response to 10 pM
SNAP. After the u-CusO/LDH/ITO electrodes were stored at 4 °C for 21
days, the current still retained about 87.85% of its initial response value
(Fig. S12). Thus, the biosensor has satisfactory reproducibility, repeat-
ability and stability. In order to evaluate the practicability of the sensor,
serum sample was tested (Fig. S13). Compared to the current response in
PBS, the current response in serum was slightly lower, indicating the
sensor could be used to detect RSNO in real sample.
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3.6. Detection of NO and real-time measurement of NO molecules
released from living cells

The electrocatalytic activity of u-CusO/LDH toward NO was also
investigated. As shown in Fig. 5A, the reduction current response was
increased with the successive addition of NO from 5.0 nM to 500 pM.
Fig. 5B shows the peak current exhibited two segments of linear re-
lationships to the logarithm of NO concentration in the range from 5.0
nM to 10 pM and 10 pM-500 pM, respectively. The detection limit of 1.1
nM is calculated at a signal-to-noise ratio of 3, which was lower than
180 nM of the method based on iron phthalocyanine decorated nitrogen-
doped graphene as electrode material [45]. 1.3 pM of metal-organic
framework modified electrode [46], and 900 nM of poly(TTBA +
rGO)/ZnO modified electrode [32]. This excellent analytical perfor-
mance could be ascribed to the exposed and dispersed uniformly Zn%*
active sites in LDH.

Chronoamperometry was used to monitor NO released from Human
umbilical vein endothelial cells (HUVECs). The NO release from cell via
the addition of L-Arg which is a substrate for nitric oxide synthase (NOS)
in biological systems. In order to inhibit the generation of NO, the L-
NAME was used. As displayed in Fig. S14A, the bare ITO electrode
exhibited no current response in the absence of HUVECs (curve a). When
10 mM L-NAME (curve b) was injected, the u-CuyO/LDH/ITO electrode
showed no obvious current response. When 10 mM L-Arg (curve c) was
injected, the u-CupO/LDH/ITO electrode showed obvious current
response, indicating the NO released from HUVECs. While the u-Cu0/
LDH/ITO electrode displayed obvious decrease current response in the
mixture of 10 mM L-Arg and 10 mM L-NAME (curve d), which should be
attributed to the specific inhibiting behavior of L-NAME toward NO
release. To investigate the performance of the u-CupO/LDH/ITO elec-
trode toward different concentrations of L-Arg was carried out in PBS
(Fig. S14B). The result displayed that the NO releases from HUVECs also
depend on drug-concentration.

To demonstrate the general performance of this method for NO
detection, other cancer cell lines such as U87, HeLa, HEpG2 and RAW
lines were tested (Fig. S15). As expected, all of these cell lines showed
positive current response. According to the peak current, the order of NO
concentration released from cancer cells is ordered in the decreasing
sequence: HUVECs > HEpG2 > U87 > RAW > HeLa. These results indi-
cated this is a general method for NO detection.

4. Conclusion

In summary, we fabricated LDH supported ultrafine CuzO (u-CuzO/
LDH) for ultrasensitive RSNO detection and real-time monitoring NO
released from living cells. u-Cu,O/LDH can be synthesized gently with
ascorbic acid at room temperature, and possess high activity for the
denitrosylation of RSNO, Noticeably, u-Cu,O/LDH were demonstrated
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Fig. 5. (A) Amperometric response and (B) Linear calibration curve between logarithm of current and logarithm of NO concentration.
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to exhibit reliable stability, high biocompatibility, and fine sensitivity
and selectivity for RSNO and NO quantification, due to the ultrafine
Cuy0 with highly exposed surface sites and the exposed active sits of
LDH. Take advantage of these advantages, u-CupO/LDH can be used for
the real-time monitoring of RSNO signaling events in biological systems
as high performance tool in future research, and can provide significant
insight for creating the high performance ultrafine CupO-based nano-
materials for the bioapplication.
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