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A B S T R A C T

An attempt has been made to design one step synthesis of dopamine coated copper oxide nanoparticles (CuO@
DOP NPs) by using microwave radiation method. The luminescent properties of CuO@DOP NPs have been
explored for making colorimetric and visual biosensor for L-cys. Natural occurring dopamine has used as a
precursor for the coating of CuO NPs that provides stability and generates functionality for the sensing of L-
Cysteine (L-Cys). Being one of the important amino acid, L-cys has shown a fundamental role in living species
due to the existence of sulfhydryl bonding which further affect the process of protein synthesis in living system.
Therefore sensing of L-cys by using CuO@DOP NPs deserves higher consideration. Further, morphological and
size parameters have been analyzed by using FESEM and HRTEM techniques. Surface interaction and coating of
dopamine over CuO NPs has been examined through FTIR and TGA analysis. The non-toxicity and bio-com-
patibility of CuO@DOP NPs has been evaluated against L929 cell lines and on bacterial species. A computational
study using DFT has been performed to check the possible mechanism of interaction between the CuO@DOP NPs
and L-Cys. The higher value of detection limit (35 nM) has further shown its potential scope in sensing L-cys. The
interference studies in presence of other amino acids have also taken into consideration for checking the se-
lectivity and sensitivity of designed sensor. The applicability of prepared sensor has further been tested for real
human blood serum and urine samples for detecting the presence of L-Cys. The as developed sensor of CuO@
DOP NPs has provided rapid and selective sensing ability towards L-Cys over a wide range of concentration and
bio-compatibility towards living entity.
Novelty statement: Herein, the application of unique chemical and photo-luminescent properties of CuO NPs have
been chosen for the fabrication of new type of fluorophore to complement conventional types of biosensor for L-
Cys. The synthesis of CuO based biosensor has been achieved via an economically viable microwave assisted
method. The article has not been published in any language anywhere and that it is not under simultaneous
consideration by another journal. The current work is novel.

1. Introduction

Out of diverse range of available amino acids, L-Cysteine (L-Cys) is
considered as one of the semi-essential type of amino acids with in-
tracellular concentration varies between 20 and 200 μM in the biolo-
gical system [1–3]. L-Cys plays a significant role in maintaining dif-
ferent types of cellular changes in the living systems and the existence
of sulfhydryl bonding in L-Cys has further supported the protein
synthesis in living system [4]. In addition, the antioxidative properties
of L-Cys have promoted the detoxification rate, balanced blood sugar
level, and have supported the proper digestive functioning in living

beings [5–7]. Therefore any kind of disruption and deficiencies of L-Cys
are related with the problems of liver and skin [8]. The non-regulated L-
Cys levels are also associated with the existence of diseases like Alz-
heimer's, neurotoxicity and abnormal hematopoiesis [9,10]. In addi-
tion, the deficiency of L-Cys has caused disabled antioxidative defence
with reduced metabolic rate, retarded growth among small children,
weak immunity and cancer in extreme cases [11–13]. Hence, the
quantification of L-Cys is exceptionally vital from biological and phar-
macological point of view [14].

Till now, different types of procedural methods such as high-per-
formance liquid chromatography (HPLC) [15], gas chromatography,
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mass spectrometry [16,17], and electrochemical sensing [18–20] have
been used for the schematic quantification of L-Cys. Yet, majority of the
pioneering methods have required skilled personal and costly instru-
mental facilities [21]. The complicated sample preparation procedures
have further constrained their viable utilities [22]. Therefore, the ap-
plication of nanotechnology plays a potential role to solve these asso-
ciated problems because of their incredible surface area, magnetic [23]
and optical properties. Researchers have significantly achieved de-
gradation/removal of organic pollutants [24–26], detection of metal
ions [27–31] and drug concentration [32] via using the surface mod-
ification of nanoparticles. Sensing techniques like potentiometry
[33–36], ion selective electrode [37–39], voltammetric sensors [40,41]
and SERS based biosensors [42,43] have upgraded the previous pro-
cedural methodology in the estimation of L-cys, but still there is a lot of
scope in on-site detection [46,44]. Contrarily, the colorimetric sensing
[45–47] technique has displayed gratifying potential towards the se-
lective and sensitive detection of L-Cys. The fast reaction time and
simple working process of colorimetric sensors have overcome the re-
strictions of pioneer sensing methodologies [48]. Recently, several
types of fluorescent chemosensor [49,50] have been developed for the
quantification of L-Cys [51,52]. For instance Manna et al. [53] have
used the application of benzothiazole–quinoline based conjugates for
the selective detection of L-Cys. The interaction of the chosen probe has
the tendency to undergo Michael addition reaction while interacting
with L-Cys and produced the thio-ether complex. Yang et al. [54] have
used the cleavage reaction for producing the white light emitting
strategy for the detection of L-Cys. The developed system has wide
range of applicability with pH variation from 7 to 12. Wang et al. [55]
have prepared the coumarin–salicylaldehyde hydrazone fluorescent li-
gand for the detection of L-Cys in presence of diverse range of thiols and
other amino acids. Further Zhang et al. and Ge et al. have designed
label free [56,57] methodology for the detection of biothiols including
cysteine, glutathione and homocysteine [58]. Recently, a colorimetric
dual signal probe, 1((E)-2-(2-(4-formylstyryl)-4H-chrome4ylidene)
malononitrile) has been developed by using complex organic reaction
by Huang et al. for the selective sensing of L-Cys from human serum
samples [59]. Still, the fabrication of turn-on and off-on-off colorimetric
and visual biosensor for L-Cys [60–62] with superior sensitivity and
selectivity in presence of interfering amino acids is quite challenging
and required sincere efforts from scientific community.

Herein, the application of unique chemical and photo-luminescent
properties of CuO NPs have been chosen for the fabrication of new type
of fluorophore to complement conventional types of biosensor for L-
Cys. CuO NPs and their composites have possessed unique electrical,
chemical and thermal stability with large availability of active surface
area for better sensing or detection ability [63,64]. The synthesis of
CuO based biosensor has been achieved via an economically viable
microwave assisted method and enhanced the scope of the

methodology in sensing (Fig. 1). The surface modification of the na-
noparticles has been done by using DOP [65]. The toxicity analysis of
DOP capped CuO NPs (CuO@DOP) have been done against L929 cell by
employing MTT assay. The respective geometrical optimizations, en-
ergy calculations and chemical interaction between the surface modi-
fier and L-Cys moieties have been properly described by using density
functional theory (DFT). The as prepared biosensor has provided a
scaffold potential in sensing and novelty due to the following char-
acteristic features: (i) the surface modification of the CuO with DOP has
presented a better size control during the single step synthesis (ii) the
surface modification has produced better control over the surface area,
optical and luminescence properties of CuO nanoparticles and en-
hanced the catalytic sites on CuO, which are quite beneficial to ame-
liorate their biosensing activity. In addition, the fast response of CuO@
DOP NPs and admirable selectivity has enabled the sequential detection
of L-Cys in human serum and urine samples. The detailed UV–vis. and
fluorescence measurements have provided deep insight into the me-
chanistic aspect of L-Cys sensing. The significant aspect of CuO@DOP
NPs has been associated with its biocompatibility and lower detection
limit which will further assisted their pre-clinical applications and
made it a potential contender in bio-sensing applications.

2. Experimental section

2.1. Chemicals

Copper chloride (CuCl2), 2-(3,4-Dihydroxyphenyl)ethylamine
hydrochloride (Dopamine hydrochloride, DOP), L-valine (Val), L-ar-
ginine (Arg), L-aspartic acid (Asp), L-glycine (Gly), L- cysteine (Cys), L-
histidine (His), L-isoleucine (Ile), L-alanine (Ala), L-leucine (Leu), L-
lysine (Lys), L-methionine (Met), L-serine (Ser), L-tyrosine (Tyr), L-
tryptophan (Trp), and threonine (Thr) were procured from Sigma
Aldrich with purity> 99%. The nitrate salts of Na+, K+, NH4

+, Ni2+,
Ba2+, Zn2+, Pb2+, Ca2+, Mg2+, Mn2+, Fe2+, Yb3+, Gd3+, Pr3+, and
Ce3+ were procured from Avra India with purity> 98%. Doubly dis-
tilled water was utilized throughout for the sample preparation.

2.2. Instrumentation

The microwave radiation source with power 800W and 2450MHz
frequency was used for fabrication of CuO@DOP NPs. X-ray diffraction
(XRD), Panalytical, D/Max-2500 was utilized for examining the crys-
talline phase of CuO@DOP NPs in the 2θ range of 10–90°, while the
morphological characterization of CuO@DOP NPs was carried out on
transmission electron microscope (TEM), H-7500 from Hitachi at
100 kV. The surface of the CuO@DOP NPs was scrutinized by using a
scanning electron microscope (SEM), Hitachi (SU8010), while the mode
of interaction between DOP and CuO nanoparticles was checked by

Fig. 1. Schematic illustration showing the microwave-assisted synthesis of CuO@DOP NPs.
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using Perkin-Elmer (RX1) FTIR spectrometer in the frequency range of
4400–400 cm−1. The optical absorption and fluorescence emission
studies were done on Jasco V550 UV–vis spectrometer and Perkin-
Elmer LS 55 fluorescence spectrophotometer respectively. Nano S 90
(Red badge) Malvern Instruments Corporation model no. ZEN 1690 was
used for the determination of particle size estimation. The zeta potential
measurements were done on the Zetasizer Nano ZSP Malvern
Instruments Corporation, UK.

2.3. Microwave assisted synthesis and toxicity profiling of CuO@DOP NPs

2.3.1. Synthesis of CuO@DOP NPs
The surface functionalized CuO NPs were produced by employing

the microwave assisted methodology. The chosen methodology con-
sidered as the quite simple, economical and fast for making the one pot
synthesis of CuO@DOP NPs. The current method found to be more
viable and simplified the synthetic procedure to one-pot and overcome
the limitations of traditionally employed methods [66]. In brief, the
concentration ranging from 1.5mM to 5mM of CuCl2 was mixed with
0.6 mM solution of dopamine hydrochloride in aqueous media. The
resultant mixture was placed inside the microwave radiation chamber
over a frequency range of 2500MHz for 4min. The obtained dark wine
coloration confirmed the formation of CuO@DOP NPs (Fig. 1). The
formed particles were thoroughly washed with the help of centrifuga-
tion at 12,000 rpm for 12min by using water and ethanol and further
dried for subsequent analysis.

2.3.2. Toxicity profiling of CuO@DOP NPs
The environmental fate of the prepared nanoparticles was tested by

analyzing their in-vitro biocompatibility studies as a function of con-
centration of nanoparticles. In brief, MTT assay against L929 cell lines
was employed for testing the in vitro biocompatibility of CuO@DOP
NPs [67]. For the analysis, 0.2 ml of L929 cells was placed in a culture
plate for 1 day at 310 K under the atmosphere of 5% CO2. The cytotoxic
effect of CuO@DOP NPs was analyzed as a function of concentration to
the L929 cells. All the analysis was done in triplicate. The chosen cells
of L929 were washed three times with pre-heated 1× PBS for elim-
inating the traces of the sample. After 4 h of incubation, the respective
measurements of 0.02ml MTT solutions (5mg/ml in PBS) were done by
diluting the sample with 0.18ml solution of media. After 240min, the
respective plates were centrifuged with a speed of 1500 rpm for 300 s at
room temperature. In order to solubilise the formazan crystals, around
0.150ml DMSO was appended to each well and noted down the re-
spective absorbance values. ELISA reader was employed for measuring
the absorbance value of the suspension at 595 nm. The viability rate of
L929 cells were further calculated for detecting the biocompatibility
rate of nanoparticles [68]. The antimicrobial activities of CuO@DOP
NPs were examined on Staphylococcus aureus (gram positive) and Es-
cherichia coli (gram negative) strains. For the analysis, 0.08 ml of bac-
terial strains was transferred on the prepared surface of MH agar in
sterilized petri plates. All the prepared plates were cultivated at 308 K
for one night to form the zone of inhibitions in presence of different
concentrations of CuO@DOP NPs. The value of effective zone of in-
hibition was estimated by deducting the zone of inhibition for control
system.

2.4. Selective sensing of L-Cys and computational studies

Fifteen types of amino acid i.e. L-valine (Val), L-arginine (Arg), L-
aspartic acid (Asp), L-glycine (Gly), L-cysteine (L-Cys), L-histidine (His),
L-isoleucine (Ile), L-alanine (Ala), L-leucine (Leu), L-lysine (Lys), L-
methionine (Met), L-serine (Ser), L-tyrosine (Tyr), L-tryptophan (Trp),
and threonine (Thr) were used to test the selectivity of CuO@DOP NPs
against amino acids. The selective sensing of L-Cys was further tested in
presence of nitrate salts of Na+, K+, NH4

+, Ni2+, Ba2+, Zn2+, Pb2+,
Ca2+, Mg2+, Mn2+, Fe2+, Yb3+, Gd3+, Pr3+, and Ce3+. For the

analysis, 50 nM concentrations of amino acids were incubated with
CuO@DOP NPs (10mM) for 10min at room temperature, and further
subjected to UV–vis absorption and fluorescence emission measure-
ments.

The respective optimization of geometries, energy calculations and
chemical interaction between the surface modifier and L-Cys moieties
were properly described through DFT computations using conventional
B3LYP method by employing 6-311G basis set [69]. All the computa-
tions were performed using GAUSSIAN 09 quantum mechanical
package in assistance with GaussView version 5.0.

2.5. Estimation of L-Cys in blood and urine samples

The blood and urine samples were collected from the Government
Medical College and Hospital (GMCH), Sector 32, Chandigarh, India.
An appropriate volume of pre treated blood and urine samples were
spiked with the different concentration of L-Cys (20–100 nM) for
checking the usability of the prepared CuO@DOP NPs based bio sensor
for the estimation of L-Cys in real samples.

3. Results and discussion

3.1. Structural and morphological characterization of CuO@DOP NPs

The synthesis of the surface functionalized CuO nanoparticles with
DOP has been carried out by using the microwave assisted metho-
dology. Fig. 2a has illustrated the formation of monoclinic geometry of
CuO@DOP NPs with characteristic peaks at 31.75°, 35.89°, 39.17°,
44.05°, 52.56°, 59.13° and 62.5° respectively. The calculated average
crystallite size is 10 nm. These peaks have been assigned to (110),
(111), (111), (202), (020), (202) and (113) planes of CuO NPs [JCPDS
(no-96-410-5686)] [70]. In addition, the absence of Cu(I) peak in the
XRD spectra has further pointed out the formation of CuO NPs. The
optical absorption and luminescence studies of CuO@DOP NPs have
been investigated by using the UV–vis absorption and fluorescence
spectroscopic analysis. Fig. 2b has shown the observable UV peak at
280 nm for synthesized CuO@DOP NPs. This peak has been mainly
associated with the surface defects in the CuO NPs. UV–vis absorbance
properties of CuO@DOP NPs as a function of concentration of CuCl2 has
been studied (Fig. S1 Supplementary data). The absorption peak was
observed at 280 nm with the variation of concentration. In addition, the
absorption value was found to enhance with increasing the concentra-
tion of copper salt up to 2.5mM. After this concentration, there was a
decrease in the absorption value for CuO@DOP NPs for 3.5 and 5mM
concentrations of copper salt. This decrease was mainly associated with
the unavailability of reducing agents (dopamine 0.6mM) for the com-
plete reduction of CuCl2 salt during the formation of CuO nanoparticles.
Therefore, 2.5mM concentration of CuCl2 was optimized for the pre-
paration of nanoparticles. The fluorescence emission spectra of CuO@
DOP NPs has displayed a peak at 335 nm with λexc= 270 nm (Fig. 2b).
FTIR analysis has been performed to understand the mode of attach-
ment of dopamine over the surface of CuO NPs. Fig. 2c has displayed
the FTIR spectra of pure DOP and CuO@DOP NPs. The characteristic
peak of dopamine at 3340 and 3035 cm−1 has been assigned for active
NeH primary amine stretching and eOH group moiety present on do-
pamine molecule [71]. The peak at 2936 and 2840 cm−1 has been
aroused due to weak CeH stretching. The peak at 1618 cm−1 has been
corresponded to the NeH bending [72]. The aromatic C]C stretching
and CeO stretching peak has been profiled at 1485 and 1265 cm−1

respectively. Whereas the peak at 3014 cm−1 in CuO@DOP NPs has
been aroused due to the adsorbed water molecules at the surface. The
corresponding shift in peaks at 1620 (NeH bending), 1481(aromatic
C]C stretching), 1263 (CeO stretching peak) in respect to pure do-
pamine has been associated with the electrostatic interactions between
the DOP and CuO NPs. The sharp peak at 528 cm−1 has been assigned
due to the CueO stretching [73] peak in CuO@DOP NPs. The thermal
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decomposition properties of the CuO@DOP NPs have been analyzed by
thermo gravimetric analysis (TGA). The result of TGA has directed the
temperature-based mass loss curves for CuO@DOP NPs (Fig. 2d). The
first major weight loss of 7.9% in the temperature range of 120–150 °C
has been aroused due to the moisture loss from the sample [74]. The
second major weight loss of 31.08% in the temperature range of
250–400 °C has been attributed to the decomposition of dopamine
molecules [75] reacted with or physically adsorbed over the surface of
CuO NPs. These respective changes have further supported the surface
modification of CuO NPs with dopamine molecules.

HRTEM images have displayed the spherical morphology of CuO@
DOP NPs (Fig. 3a) with average size ranging between 30 nm (Fig. 3b).
The surface coating of DOP over CuO NPs has further been visualized by
magnified HRTEM image of single CuO@DOP NPs (Fig. S2 Supple-
mentary data). The uniform variation of contrast over the surface of
CuO NPs has verified the templating effect of DOP over CuO NPs and
controlled the rate of agglomeration during the synthesis of particles.
The quantitative elemental analysis has been visualized by EDX data
(Fig. 3c). The zeta potential value of as prepared nanoparticles has been
found to be +7.86mV (Fig. S3 Supplementary data). The presence of
only Cu, O, C and N elements in the samples have confirmed the purity
of the samples. The uniform coating of DOP has further been visualized
in the FESEM images (Fig. 3d). The quantitative elemental mapping has
further been carried out by using EDX studies. The presence of Cu, O, N
and C has given an insight into the formation of CuO@DOP NPs
(Fig. 3d).

The in vitro biocompatibility studies of CuO@DOP NPs have been

studied as a function of concentration ranging between 1.56, 3.125,
6.25, and 12.5 μg/ml by using MTT assay for 24 h on mouse L929 fi-
broblastic cell lines. It has been found that the presence of CuO@DOP
NPs has induced 70% viability of L929 normal cells up to 12.5 μg/ml
(Fig. 4). The respective cell morphology and cell density has further
been found to be intact in presence of CuO@DOP NPs. The prepared
nanoparticles have the tendency to slow down the cell proliferation
rather than killing them. Therefore, the results have confirmed the
marginal in vitro biocompatibility of as prepared nanoparticles and
required further in-depth studies for their future scope in medicine. The
biocompatibility studies has also verified by testing the influence of
CuO@DOP NPs on the growth of two bacterial strains viz. gram-posi-
tive (Staphylococcus aureus) and gram-negative (Escherichia coli) bac-
teria. The influence of concentration ranging 5 ppm, 10 ppm and
20 ppm of CuO@DOP NPs has been used for the analysis. The absence
of zone of inhibition in both the chosen bacterial strains in all the
employed concentrations has supported the non-toxic nature of CuO@
DOP NPs.

3.2. Spectral response of the CuO@DOP NPs to L-Cys

In order to scrutinize the sensitivity of CuO@DOP NPs for the
identification of L-Cys, we have carried out the optical absorbance and
fluorescence emission behaviour of CuO@DOP NPs in presence of 15
different amino acids (Fig. 5a and b). For the optical analysis, 50 nM
amount of respective amino acid has been prepared in solution of
CuO@DOP NPs. From the spectra, it has been found that the optical

Fig. 2. (a) XRD spectra, (b) UV–vis with Fluorescence emission spectra (c) FTIR and (d) TGA spectral profile for CuO@DOP NPs.
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absorbance and emission intensity has shown enhancement in presence
of L-Cys as compared to other chosen amino acids. In addition, the
optical spectra have shown the blue shift in the peak position in pre-
sence of L-Cys (Fig. 5a). The solution has also displayed the visible
colorimetric changes in presence of L-Cys (Fig. 5c).

The probable reason for the enhancement of absorbance and emis-
sion intensity has been explained on the basis of complexation and
electrostatic interaction between CuO@DOP NPs and L-Cys molecules.
It has been further associated with the increase in π-electron transfer to
the vacant d orbital of metal ion, which has raised the energy of d-

Fig. 3. (a) HRTEM, (b) histogram showing the size distribution, (c) EDX and (d) FESEM images with elemental mapping for CuO@DOP NPs.

Fig. 4. Bright field images of mouse L929 fibroblastic cell line exposed to CuO@DOP NPs at concentrations (a) Control, (b) 1.56 μg/ml, (c) 3.125 μg/ml, (d) 6.25 μg/
ml, (e) 12.5 μg/ml, (f) cell viability of L929 fibroblastic cell line. Antimicrobial activities of (g) E. coli and (h) S. aureus as function of concentration (5 ppm, 10 ppm
and 20 ppm) of CuO@DOP NPs.
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orbital and increased the intensity values. In comparison to other amino
acids, the presence of sulphur in case of L-Cys has augmented the in-
teraction between the CuO@DOP NPs and made the probe more se-
lective for L-Cys as compared to other amino acids. The rapid sensitivity
of the sensor towards L-Cys has further been tested by carrying out the
time dependent absorption as well as fluorescence studies (Fig. S4
Supplementary data). The reproducibility of the CuO@DOP NPs in
presence of L-cys has also been investigated to enhance the scope of the
sensor (Fig. S5 Supplementary data). The digital photos as a function of
response time in presence of L-Cys has also been presented to check the
quick response time of the prepared CuO@DOP NPs based sensor for L-
Cys.

The presence of the sulfhydryl group in L-Cys molecules have en-
hanced their scope of interaction with DOP capped CuO NPs [76]. The
selectivity of as synthesized CuO@DOP NPs towards Cysteine among
different thiolate group containing amino acids such as homocysteine
and glutathione as well as in presence of Cystine and Met has also been
checked. For the analysis, rate kinetic studies have been performed in
presence of large excess of Cys, Hcy, or GSH (150 equiv.) over L-Cys
(10 μM) in an aqueous solution at room temperature. The pseudo-first
order kinetics has been followed by the samples (Fig. S5 Supplementary
data) with rate constant values of 1.44×10−4, 2.07×10−5,
2.49×10−5, 5.73× 10−5 and 4.64×10−5 for L-Cys, cystine, GSH,
Hcy and Met respectively. The higher value of rate constant for L-Cys
among different thiolate group containing amino acids such as homo-
cysteine and glutathione as well as in presence of Cystine and Met has
supported the selectivity of sensor.

The interaction of CuO@DOP NPs has further been verified by using
DFT computational studies by using conventional B3LYP method with
6-311G basis set. In general three attacking sites are available on DOP
molecules for L-Cys (labelled as A, B, C in Fig. 6). The energy values for
all these possible attacking sites of dopamine capped CuO NPs has been
calculated in presence of L-Cys by using DFT studies (Fig. 6). Therefore,
the prepared CuO@DOP NPs have used for distinguishing the molecules
of L-Cys from other amino acids in physiological conditions. The re-
spective values of Hartree energy (Eh) on attacking L-Cys on site A of

CuO@DOP NPs has come out to be −2852.18 a.u as compared to
−2851.13 a.u and –2850.21 a.u for site B and C respectively. There-
fore, the most probable association of L-Cys is on site A of CuO@DOP
NPs. The available attacking site and complexation via electron transfer
process has enhanced the selectivity of CuO@DOP NPs towards L-Cys as
compared to other amino acids.

In addition, the optical and fluorescence emission spectra of CuO@
DOP NPs have further been investigated in presence of different con-
centrations of L-Cys ranging between 10 and 100 nM. Fig. 7a and b has
shown the significant enhancement in the absorbance and fluorescence
emission intensity as a function of concentration of L-Cys. There has
been a good linear relationship between the absorbance values and
fluorescence intensities of CuO@DOP NPs with regression coefficient
values of 0.97 and 0.99 respectively (Fig. 7c and d).

The detection limit of L-Cys i.e. 35 nm has further been calculated
by using LOD=3× standard deviation / slope (Fig. 7d). This higher
value has supported the greater sensitivity of the sensor towards L-Cys.
The obtained value has further been compared with the available sen-
sors for L-cys. From the comparison it has been found that the prepared
sensor has displayed higher limit of detection value (Table S1 Supple-
mentary data). In order to study the selectivity of the prepared sensor,
the fluorescence response of CuO@DOP NPs has been investigated in
presence of series of interfering amino acid (150 μM) that may coexist
with L-Cys (50 nM). From the data, it has been interpreted that in ab-
sence of L-Cys, the fluorescence response of CuO@DOP NPs has been
decreased in presence of series of used interfering amino acid (Fig. 7e).
However, the fluorescence response of CuO@DOP NPs has been sig-
nificantly enhanced in presence of L-Cys and chosen interfering amino
acid. The respective selectivity of our prepared sensor has also been
verified in presence of series of metal ions (Fig. S6 Supplementary
data). On interpreting the data, it has been found that in absence of L-
Cys, the fluorescence response of CuO@DOP NPs has been decreased in
presence of series of used metal ions (Fig. S6 Supplementary data). In
addition, the fluorescence response of CuO@DOP NPs has been con-
siderably boosted in existence of L-Cys and chosen interfering metal
ions. The outcome has indicated the high selectivity of CuO@DOP NPs

Fig. 5. (a) UV–vis absorbance, (b) fluorescence emission profile and (c) visual changes of CuO@DOP NPs in presence of different amino acids and showing their
selectivity for L-Cys.
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towards L-Cys and the coexisting interfering species has not affected the
detection of L-Cys with CuO@DOP NPs. The corresponding UV–vis
spectral and fluorescence changes of CuO@DOP NPs in presence of L-

Cys has been tested via varying the pH of the reaction media. From the
studies, it has been found that sensitivity was linearly dependent on the
pH of the reaction media. The results have further supported the

Fig. 6. 3D optimized molecular structure and their respective energy value calculation through DFT for CuO@DOP NPs in presence of L-Cys showing variable
attacking sites (A, B, C) for L-Cys.

Fig. 7. (a) UV–vis absorption spectra and (b) fluorescence emission spectra of CuO@DOP NPs in the presence of increasing amounts of L-Cys, (c) Benesi–Hildebrand
plot, and (d) Stern–Volmer plots for analyzing the interaction of CuO@DOP NPs with different concentrations of L-Cys. (e) Fluorescence responses of CuO@DOP NPs
to various amino acids. The pink bars correspond to the emission changes of CuO@DOP NPs in the presence of different amino acids of interest. The green bars
correspond to the changes of the emission that arises upon successive addition of L-Cys to the above solution. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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application of the prepared sensor for estimating L-Cys in blood and
urine samples (Fig. S7 Supplementary data).

3.3. Estimation of L-Cys in blood and urine samples

In order to study the applicability of the prepared sensor in the
biological samples, the utility of the prepared probe has been applied
for estimating L-Cys in both blood serum and urine samples. The con-
ventional addition technique has been used for the colorimetric analysis
of L-Cys in blood serum (Fig. 8b) and urine samples (Fig. S8). For
concise estimation, collected blood plasma and urine samples have
been spiked with different concentration of L-Cys ranging from 10 to
100 nM (Fig. 8). For the measurements, the serum and urine samples
have further been diluted to 100 times with buffer solution and cen-
trifuged at 8000 rpm for 20min. The obtained mixture has been in-
cubated with CuO@DOP NPs for 10min before taking the fluorescence
emission profile for the samples. The fluorescence emission variations
for each sample have been calculated from the linear calibration curve.
Further recovery studies were also done to find percentage recovery.
The result came for blood plasma and urine sample was shown in
Fig. 8(a) and (b). In the case of a urine sample, the recovery percentage
was comparable to 100% whereas for blood plasma, it was< 100% as
compared to urine sample. The high values of recovery rate and visual
changes of L-Cys in both blood plasma and urine samples have sup-
ported the high performance of the developed sensor towards L-Cys
under physiological conditions.

4. Conclusion

In summary, we have designed a selective and sensitive fluorescence
sensor of CuO@DOP NPs for the identification of L-Cys. The fabrication
of the sensor has been achieved by using single step and cost effective
microwave radiations based synthetic methodology. The biocompatible
capping of dopamine have assisted the interaction of L-Cys and pro-
vided colorimetric and fluorescence response with detection limit of
0.35 nM. The interfering effect of other amino acids has also been
studied to check the sensitivity and selectivity of the developed sensor.
The practical application of designed sensor in human blood serum and
urine sample has been tested towards colorimetric and fluorescence
response. The high values of recovery rate (> 97%) of L-Cys in both
blood serum and urine samples have supported the high performance of
the developed sensor towards L-Cys under physiological conditions. A
theoretical approach has been made to explore the interaction me-
chanism of CuO@DOP NPs with L-Cys by using DFT studies. Therefore,

the current work has provided bio-compatible, cost effective, rapid and
selective sensing of L-Cys in human blood and urine sample. The sig-
nificant aspect of DOP@CuO has been associated with its biocompat-
ibility and lower detection limit has assisted their pre-clinical applica-
tions and made it as a potential contender in bio-sensing applications.
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