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Abstract

In the present article, a novel and effective ZnO quantum dots-based fluorescent probe has been developed for the detection of
cysteine in different solutions. Firstly, melamine-based fluorescent pre-probe was successfully synthesized via condensation
reaction and, then ZnO quantum dots (QDs) were homogenously dispersed into this solution. This fluorescent probe was used for
the detection of cysteine in different solutions such as bovine serum albumin and tap water. ZnO QDs were characterized using
XRD, nano-particle size analyzer, and FE-SEM techniques. The size of the ZnO QDs was calculated as 28.03£9.86 nm, and
31.954£10.02 nm from Scherrer’s equation and nano-particle size analyzer, respectively. The developed fluorescent probe was
exhibited a highly selective and sensitive response to the detection of cysteine. Also, the proposed fluorescent probe has a larger
Stokes shift value (236 nm). The limit of detection and linear range of ZnO QDs-based fluorescent biosensor were found as

0.642 uM and 0.1-600 1M, respectively.
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Introduction

Recently, quantum dots (QDs) have been widely found in
various application areas such as biomedical, optoelectronics,
molecular recognition, cation/anion detection, protein, and
DNA analysis [1-3]. QDs have numerous advantages such
as water solubility, biocompatibility, low toxicity, wide emis-
sion spectra, low-cost, quantum yield, tunable wavelength,
large Stokes shift, ease of modification and preparation com-
pared to the other fluorescence materials [4-7]. A variety of
quantum dots (QDs) types such as carbon QDs [8, 9],
graphene QDs [10, 11], polymer QDs [12, 13], and metal
QDs [14, 15] were prepared to date for the detection of bio-
logical compounds such as amino acid [16, 17], DNA [18,
19], and metal ions [20, 21]. Among these various quantum
dots types, ZnO QDs have superior properties such as

P< Musa Kamaci
mkamaci@pirireis.edu.tr

Umran Duru Kamaci

umranduru@gmail.com

Faculty of Arts and Sciences, Department of Chemistry, Yildiz
Technical University, 34220 Istanbul, Esenler, Turkey

2 Piri Reis University, 34940 Istanbul, Tuzla, Turkey

nontoxic and biodegradable nature, an easy synthesis process,
and less expensive compared to the other traditional quantum
dots types [22]. The prepared ZnO QDs have been used as
photodetectors [23], bio-imaging [24], gas sensor [25] appli-
cations, and they can also be used as “gate-keepers” to cap the
other QDs for fluorescent sensing applications [26]. To the
best of our knowledge, they were not used as a fluorescent
probe for the detection of cysteine molecules.

Cysteine (Cys) is one of the most important members of
low-molecular-weight biological thiols as well as glutathione
(GSH) and homocysteine (Hcy) [27]. Although these biolog-
ical thiols have a similar chemical structure, they are respon-
sible for different biological functions related to various dis-
cases [28]. Cys is of great importance due to its structural
composition, redox dynamic balance, physiological functions,
control protein function, and signal transduction [29]. An ab-
normal level of this biological thiol leads to different disor-
ders, symptoms, and diseases such as neurological, skin, leth-
argy, cardiovascular, slow growth, edema, and psoriasis [30,
31]. Also, insufficient levels of Cys could lead to liver dam-
age, loss of muscle functions, and slow the glow rate in chil-
dren [32]. Developing an easy, sensitive, and selective fluo-
rescent probe for the detection of this biological small mole-
cule is quite important and it is still needed because of the
importance of Cys.
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In the present paper, a new fluorescence probe was suc-
cessfully synthesized using syringaldehyde and melamine.
Then, ZnO quantum dots (QDs) were homogeneously dis-
persed into the probe solution by using the ultrasonic probe.
The melamine and ZnO QDs-based fluorescent sensor was
used for the detection of cysteine in various solutions such
as BSA and tap water. Up to now, many kinds of fluorescent
chemosensor was developed for the detection of metal ions
and biological fluids but a ZnO quantum dot-based fluores-
cent sensor was developed for the detection of Cysteine in the
different solutions for the first time in literature in this paper.
The average diameter was calculated as 28.03+9.86, and
31.95+10.02 nm from Scherrer’s equation, and nano-particle
size analyzer, respectively. The interference effect of the var-
ious amino acids, anions, and cations was also studied, and the
interference effect of the tested analytes was negligible.

Experimental
Reagents and Materials

Syringaldehyde (SA), melamine (MEL), zinc acetate
dihydrate (Zn(CH3;COO),), sodium hydroxide (NaOH), etha-
nol (EtOH), glutathione (GSH), L-cysteine (Cys), L-alanine
(Ala), L-arginine (Arg), L-aspartic acid (Asp), L-histidine
(His), L-homocysteine (Hcy), L-leucine (Leu), L-
phenylalanine (Phe), L-proline (Pro), L-tyrosine (Tyr), sodi-
um thiosulfate (Na,S,03), sodium sulfate (Na3;PO,), sodium
acetate (NaCH3COO), disodium hydrogen phosphate
(Na,HPOy,), calcium chloride (CaCl,.2H,0), potassium chlo-
ride (KCI), sodium chloride (NaCl), magnesium chloride
(MgCl,.6H,0), glycine, hydrochloric acid (HCI),
tris(hydroxymethyl)aminomethane hydrochloride (Tris), and
acetic acid were supplied from Sigma Aldrich and they were
used without purification.

Synthesis of AMP

Fluorescent pre-ligand (4,4',4"-((1E,1'E,1"E)-((1,3,5-triazine-
2,4,6-triy)tris(azanylylidene))tris(methanylylidene))tris(2, 6-
dimethoxyphenol) was abbreviated as AMP and it was pre-
pared via condensation reaction of SA (1.640 g, 9 mmol) with
MEL (0.378 g, 3 mmol) as in the literature [33—36] and struc-
ture of AMP was shown in Fig. 1.

Yield: 98%; FT-IR (em™"): 3133 (-OH), 2972 (aliphatic —
CH), 1637 (Imine, -N=CH), 1605-1540 (aromatic —CH); 'H-
NMR (400 MHz, DMSO-d;): 9.75 (Hydroxyl, -C-OH),8.24
(Imine, -N=CH), 7.19 (Ar-H), 5.95 (Ar-H) and 3.82
(Methoxy, -OCHs); *C-NMR (100.6 MHz, DMSO-d6):
191.6 (Hydroxyl, -C-OH), 167.8 (Imine, -N=CH), 148.5
(Ar-C), 142.5 (Ar-C), 127.6 (Ar-C), 107.5 (Ar-C) and 56.5
(Methoxy, -OCH3).
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HRMS (EI): Measured values for C;oH3oNgOy (M),
m/z= 618.218; Theoterical values: m/z= 618.215.

Preparation of ZnO Quantum Dots (QDs)

ZnO quantum dots were prepared via the sol-gel method as
follows: 0.55 M Zn(CH;COO), and NaOH solutions were
prepared in ethanol/water mixture (1:2, v: v). 40 mL
Zn(CH3COO), and 80 mL NaOH solutions were mixed at
60 °C for 6 h, respectively. Then, the mixture was cooled at
room temperature and white ZnO precipitated was seen. This
precipitate was centrifuged and washed with acetone [37].

Measurements

The crystal structure of ZnO quantum dots was investi-
gated using the Panalytical X’Pert Pro an X-ray diffrac-
tometer (Panalytical X’Pert PRO XRD) at room tempera-
ture. Nano-particle size analysis of ZnO QDs was carried
out using Zetasizer (Malvern Nano ZS) analyzer. FE-SEM
image of ZnO QDs was measured using a Field Emission-
Scanning Electron Microscopy (FE-SEM, Zeiss EVO LS
10) and the quantum dots sample was coated with a thin
layer of gold before SEM measurements. FT-IR spectra of
fluorescent pre-probe (AMP), ZnO QDs, fluorescent
probe (AMP-ZnO), pristine cysteine (Cys), and cysteine-
containing fluorescent probe were recorded using a
Thermo Scientific (Nicolet iS10) Spectrophotometer
equipped with an ATR unit. Fluorescence measurements
were carried out via a Shimadzu (RF-5301PC) fluores-
cence spectrophotometer, and excitation wavelength and
slit width were adjusted as 280 nm and 1.5 nm in all
measurements, respectively. Besides, UV-Vis spectra
were measured by using a Perkin-Elmer UV-Vis
(Lambda 25) spectrophotometer with a double-beam.

Preparation of Stock Solution

The stock solution of AMP (100 pM) was prepared in DMF.
100 uM stock solutions of amino acids (Ala, Arg, Asp, Cys,
GSH, Hcy, His, Leu, Phe, Pro and Tyr), anions (CH;COO
HPO4*", PO,* and S,057), and cations (Ca®*, K*, Mg**, and
Na*) were prepared in Britton-Robinson buffer (BR buffer)
solution at pH= 7.4. Also, 0.1% ZnO quantum dots were
dispersed in an AMP solution by using an ultrasonic homog-
enizer. pH solutions were prepared in different buffer solu-
tions such as glycine-HCI (pH= 2, and 3), sodium acetate
(pH=4, 5, and 6), and tris-HC1 (pH= 7, 8, and 9).

Assay Process

980 pL of BR buffer, 20 uL ZnO quantum dots, 10 puL of the
fluorescent pre-probe (AMP), and 10 pL cysteine solution
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with different concentrations were homogeneously incubated
for 15 min and the fluorescence spectra were measured at
280 nm excitation wavelength and 1.5 nm slit width.

Results and Discussion
XRD and SEM Measurements of ZnO Quantum Dots

X-ray diffraction of ZnO quantum dots was measured to in-
vestigate the crystal structure of the quantum dots and XRD
pattern given in Fig. 2a. ZnO quantum dots have been exhib-
ited the peaks at 20= 31.78, 34.48, 36.27, 47.61, 56.73, and
62.92°. Also, the size of the quantum dots was calculated by
using Scherrer’s equation as follows [38]:

k.
- (3.cost (1)

where d, k, A, 3, and 0 are the size of QDs, constant (0.89), the
wavelength of X-ray radiation (0.154 A), the full width at half
maximum, and diffraction angle, respectively. The size of
ZnO quantum dots was calculated in the range from 15.77 to
43.92 nm and the average diameter was determined as 28.03
+9.86 nm. Furthermore, the size of ZnO QDs was determined
by using a nano-particle size analyzer, and it was found that
the quantum dots have 31.95+10.02 nm the average diameter.
These results revealed that the prepared ZnO quantum dots
have nanoparticle size. Chen et al. were prepared ZnO quan-
tum dots (QDs) with a hexagonal crystal structure using the
sol-gel method and particle size of QDs was found in the range
from 16.6 to 32.2 nm [37].

The morphological property of the quantum dots was in-
vestigated using an FE-SEM. As displayed in Figs. 2b and c,
ZnO quantum dots (ZnO) have a smooth, homogeneously
dispersed, and fine surface with a nanoparticle structure.

FT-IR Analysis

FT-IR spectra of the fluorescent pre-probe (AMP), quantum
dots (ZnO QDs), fluorescent probe (AMP-ZnO), cysteine
(Cys), and AMP-ZnO-Cys were given in Fig. 3. As can be
seen in Fig. 3, the characteristic hydroxyl (-OH) stretching
vibration of AMP was recorded at 3133 cm ', -NH, aliphatic
—CH (Al-CH), and imine (-N=CH) stretching vibrations of
fluorescent pre-probe were seen at 3454, 3374, 2960, and
1637 cm !, respectively [35]. In the FT-IR spectrum of ZnO
quantum dots (ZnO), four strong peaks were observed at
3376, 1402, 827, and 685 respectively, due to —OH, and Zn-
O stretching vibrations [39, 40]. In the structure of the fluo-
rescent probe (AMP-ZnO), imine (-N=CH), hydroxyl (-OH),
Al-CH, and Zn-O stretching vibrations were observed at 1644,
3422, 2930, 1380, 850, and 652 ¢m ', respectively.
According to the FT-IR spectrum of Cys, hydroxyl (-OH),
Al-CH, anti-symmetric —CH,, and asymmetric —-COO
stretching vibrations were recorded at 3125, 2975, 2911,
1585 cm ', respectively [41]. Imine (-N=CH), hydroxyl (-
OH), Al-CH, anti-symmetric -CH,, asymmetric -COO, and
Zn-0 stretching vibrations in the structure of AMP-ZnO-Cys
were also seen at 1640, 3399, 2930, 2875, 1418, 1382, 865,
and 661, respectively. The stretching vibration values in the
structure of AMP-ZnO were shifted after the addition of Cys
due to the formation of strong hydrogen bonding between Cys
and the fluorescent probe.

Optical and Fluorescence Properties

The photophysical properties of AMP, ZnO, and AMP-ZnO
were investigated by measuring the absorption and emission
spectra of these materials in the presence and absence of cys-
teine (Cys) using UV-Vis and fluorescence spectrophotome-
ters. UV-Vis spectra of these compounds were displayed in
Fig. 4a and UV-Vis measurements were taken after the
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Fig. 3 FT-IR spectra of AMP,
ZnO QDs, cysteine (Cys), AMP-
Zn0O, and AMP-ZnO-Cys
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solutions incubated for 15 min. As can be seen in Fig. 4a,
AMP, and ZnO quantum dots have only one absorption band
at 341 and 351 nm, respectively. When mixed these two so-
lutions (AMP and quantum dots, 1:2, v: v), the absorbance
band was observed at 355 nm. Moreover, the absorption band
of'the AMP-ZnO mixture in the presence of Cys was observed
at 377 nm. The wavelength of the fluorescent probe and
AMP-ZnO-Cys mixture was exhibited to a red-shift change
and the absorption band of AMP-ZnO-Cys was shifted about
20 nm compared to the fluorescent probe. Figure 4b shows
fluorescence emission spectra of AMP, ZnO, AMP-ZnO, and
AMP-ZnO-Cys. These measurements were carried out by ho-
mogeneously incubating the solution for 15 min Also, slit

1500
Wavelength (cm™)

1000 500

width and excitation wavelength were adjusted as 1.5 nm
and 280 nm in these measurements, respectively. According
to Fig. 4b, AMP, and ZnO QDs were showed only one strong
emission intensity around 428, and 464 nm, respectively.
When mixed AMP and ZnO quantum dots (1:2, v: v), the
fluorescence intensity of the fluorescent probe was seen at
482 nm. With the addition of the cysteine in the fluorescent
probe solution, fluorescent intensity was observed at 516 nm.
The emission wavelength of the fluorescent probe and AMP-
ZnO-Cys mixture was exhibited to a hypsochromic (red)
change and the wavelength of AMP-ZnO-Cys was shifted
about 34 nm compared to the fluorescent probe. The reason
for a red-shift change in both UV-Vis and fluorescent
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<« Fig.4 UV-Vis (a) and fluorescence (b, ¢) spectra of alone AMP and ZnO
quantum dots in the presence and absence of cysteine

measurements was the formation of new hydrogen bonding
between the fluorescent probe and cysteine molecules [42].
Besides, with the addition of ZnO QDs in the fluorescent
pre-probe (AMP) solution AMP-ZnO system has been exhib-
ited much stronger emission intensity. The Stokes shift
(AAgt) value of the fluorescent probe and AMP-ZnO-Cys
mixture was determined as 202 and 236 nm, respectively
[43]. These results demonstrated that ZnO quantum dots-
based fluorescent probe and AMP-ZnO-Cys mixture have re-
markable a large AAgt value.

The fluorescent spectra of alone AMP and ZnO QDs in the
presence and absence of Cys were recorded to explain the
selectivity of the developed fluorescent chemosensor (Fig.
4c). As can be seen in Fig. 4c, the fluorescence intensity of
both AMP and ZnO QDs were a bit increased in the presence
of Cys. It was observed that neither AMP nor ZnO QDs were
exhibited any interference effect on the developed sensor.

pH and Incubation Time Effect

The emission spectra were measured at the different pH media
to investigate the interaction of the ZnO quantum dots-based
fluorescent probe with cysteine molecules. pH effect is one of
the important parameters for the detection of biological mol-
ecules [44] and it was affected the determination of Cys due to
different functional groups such amine (-NH,), carbonyl (-
C=0), and thiol (-SH) as of this biological small biothiol
[45]. The pH effect on fluorescence intensity was given in
Fig. 5a. These measurements were carried out using 100 uM
cysteine and the pH value of the solution was adjusted using
different buffer solutions such as glycine-HCI (pH= 2, and 3),
sodium acetate (pH=4, 5, and 6), and tris-HCI (pH= 7, 8, and
9). The fluorescence intensity value of the fluorescent probe in
the presence of Cys was determined as 7.51, 9.10, 10.70, and
58.18 at acidic pH solutions (pH= 3, 4, 5, and 6). At a neutral
medium (pH= 7), fluorescence intensity was measured as
137.93. Also, the fluorescent intensity was determined be-
tween 59.18 and 17.08 at alkaline pH solutions (pH= 8§, 9,
10, 11, and 12). As can be seen in these results, the ZnO
quantum dots-based fluorescent probe has the highest fluores-
cence intensity at a neutral medium due to the protonation or
deprotonation of the functional groups in the structure of the
fluorescent biosensor and cysteine [46]. Rad et al. stated that
the only carboxyl group in the structure of Cys is protonated at
neutral pH and the net charge of the compound is zero [47].
These results indicated that the proposed fluorescent probe
was compatible with the physiological and biological environ-
ment of the human body and this pH value was selected as the
experimental value.

Incubation time was another important parameter due to
adequate and good interaction between cysteine and ZnO
QDs-based fluorescent probe. The incubation time effect
was displayed in Fig. 5b and these measurements were carried
out in the presence of 980 uL of BR buffer, 20 uL ZnO QDs,
10 puL of the fluorescent pre-probe (AMP), and 10 uL Cys
solutions at room temperature and pH= 7.0. The emission
intensity value was gradually increased in the range from 5
to 15 min and it was continuously decreased after 15 min.
These results revealed that the proposed sensor has a maxi-
mum emission intensity when incubated for 15 min and this
incubation time was taken as the experimental value.

The Selectivity of the Fluorescent Probe

To evaluate the selectivity of ZnO quantum dots-based fluo-
rescent sensor, emission intensity was measured in the pres-
ence of the various analytes such as amino acids (Ala, Arg,
Asp, Cys, GSH, Hcy, His, Leu, Phe, Pro and Tyr), anions
(CH;COO", HPO,*", PO,* and S,0:%"), and cations (Ca™",
K*, Mg?*, and Na¥). These measurements were carried out in
the presence of 980 pL of BR buffer, 20 uL. ZnO quantum
dots, 10 uL of the fluorescent probe (AMP), and 10 uL
analytes (Fig. 6) at pH= 7.0 after 15 min incubation. The
emission intensities of Cys, Hcy, and GSH were found as
139.62, 48.15, 46.07 a.u. at 516 nm, respectively. Among
the tested analytes, the emission intensities of cation, anions,
and the other amino acids were determined in the range 16.73
to 26.46 a.u., 9.90 to 16.00 a.u., and 15.23 to 41.88 a.u., re-
spectively. These emission intensity results clearly indicated
that the proposed ZnO QDs-based fluorescent probe was ex-
hibited a highly selective and strong fluorescence response
toward cysteine. The distinction of the emission intensity
values between cysteine and the other analytes (cations, an-
ions, and amino acids) was still clearly obvious and the effect
of the other amino acids, anions, and cations on fluorescence
intensity is negligible. Besides, Cys has approximately 3-fold
more emission intensity value compared to Hey, and GSH.
Besides, the proposed fluorescent sensor was clearly distin-
guished by these small biological thiols (Cys, Hcy, and GSH)
between each other.

Detection of Cysteine

To determine the limit of detection and linear response range
of'the fluorescent probe, fluorescent intensity was measured in
the presence of 980 pL of BR buffer, 20 uL. ZnO quantum
dots, 10 uL of AMP, and different cysteine concentrations
(10-600 uM) at room temperature and pH= 7.0 after 15 min
incubation (Fig. 7a). Fluorescent intensity of the ZnO QDs-
based probe was perpetually increased in the range from 0.1 to
600 uM Cys concentrations. It was found that the
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fluorescence intensity of the ZnO QDs-based biosensor was
increased with increasing Cys concentration.

The limit of the detection (LOD) value of ZnO quantum
dots-based fluorescent sensor was calculated using the fluo-
rescence titration method as the following Eq. 2 [48, 49]:

LOD = 2%

@ Springer

1 M 1 M
10 15 20 25 30
Incubation time (min)

where m and oy,; (0.063) are the slope of the graph obtained
from Fig. 7a and the standard deviation of blank measurement.
The regression equation for the fluorescent biosensor was found
as F= 0.2942[Cys] (uM) + 105.34 with good linearity
(R?=0.9967). The fluorescence intensity was proportionally in-
creased in the range from 0.1 pM and 600 puM, and these
concentrations range was determined as a linear range of the
biosensor. The limit of detection value (LOD) value of the ZnO-

QDs-based fluorescent sensor was also calculated as 0.642 uM.
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The Selectivity of ZnO QDs-Based Fluorescent Probe

The interference effect is an important parameter to evaluate
the performance of the developed fluorescent sensor. The in-
terference effect of the various analytes such as amino acids
(Ala, Arg, Asp, Cys, GSH, Hcy, His, Leu, Phe, Pro and Tyr),
anions (CH;COO ™, HPO,*", PO4> and S,05?), and cations
(Ca®*, K*, Mg”*, and Na*) was investigated in the presence
of 980 uL of BR buffer, 20 uL. ZnO quantum dots, 10 pL of
AMP and 10 puL 100 uM analyte at room temperature and
pH= 7.0 after 15 min incubation (Fig. 8). According to Fig. 8,
the other analytes were not changed the fluorescence intensity
of AMP-ZnO-Cys system, and the proposed biosensor has
been exhibited a high selectivity to Cys. Also, Hcy has been
not exhibited any interference effect on the biosensor.

The proposed ZnO QDs-based fluorescent sensor was
compared with the other studies in the literature to investigate
LOD and linear range values of the developed sensor and the
results were summarized in Table 1. As mentioned above,
ZnO quantum dots were generally used in gas sensor, photo-
detector, and bio-imaging applications and they can also be
used as “gate-keepers” to cap the other QDs for fluorescent
sensing applications. The developed biosensor could not be
compared with the other studies due to ZnO QDs are not used
in a study for the detection of cysteine yet. Therefore, the ZnO
QDs-based biosensor was only compared to the other quan-
tum dots sensor that developed for cysteine detection with
various methods such as chemiluminescence, colorimetric,
electrochemical, fluorometric, and fluorescence. The devel-
oped sensor was exhibited a relatively wide linear range com-
pared to the other studies [32, 47, 50-53]. Also, the LOD

——
200 250 300 350 400 450 500 550 600 650 700 750

Wavelength (nm)

value of the developed biosensor is comparable with the other
studies.

Photostability

The photostability of AMP-ZnO and AMP-ZnO-Cys was
studied in BR buffer at pH= 7.0 for 60 min (Fig. 9.) As can
be seen in Fig. 9, the emission intensities of the biosensor in
the absence and presence of the cysteine were decreased
around 10, and 5% for AMP-ZnO and AMP-ZnO-Cys, re-
spectively. These results showed that AMP-ZnO and its Cys
complex were exhibited good photostability.

Analytical Application

The developed ZnO QDs-based biosensor was examined in
different sample solutions such as the lower (10 uM), medium
(300 uM), and higher (600 uM) test concentrations of bovine
serum albumin (BSA, 0.1 mg/mL) and tap water to investigate
the practicability of the fluorescent sensor (Table 2). As can be
seen in Table 2, the recoveries were determined in the range
from 99.7 to 100.7 for BSA solutions and 100.8 to 101.3 for
tap water samples, respectively. Also, the relative standard
deviation (RSD, n=3) was found between 1.17 and 2.46%.
These results demonstrated that the ZnO QDs-based fluores-
cent sensor for the detection of cysteine could be successfully
applied in analytical application with satisfied, reliable, and
practical results.

@ Springer
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Conclusion respectively. The ZnO QDs-based fluorescent biosensor was

In this study, a melamine-based fluorescent pre-probe was
successfully synthesized, and it was mixed with ZnO quantum
dots to prepare the fluorescent probe. The prepared sensor was
used for the detection of cysteine in different solutions such as
BSA and tap water. The ZnO QDs were synthesized via a sol-
gel method and they were characterized by using FT-IR, SEM,
XRD techniques, and a nano-particle size analyzer. The aver-
age diameter of ZnO QDs was found as 28.0349.86 or 31.95
+10.02 nm with nanoparticle size for XRD and analyzer,
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exhibited a highly selective and strong fluorescence response
toward cysteine. The distinction of the emission intensity
values between cysteine and the other analytes was still clearly
obvious and the interference effect of these analytes such as
amino acids, anions, and cations was negligible. The LOD
value of the biosensor was found as 0.642 uM, the linear range
was determined in the range from 0.1 to 600 uM. The devel-
oped sensor was showed a relatively wide linear range com-
pared to the other studies and the LOD value of the biosensor
is also comparable with the other studies.
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Fig. 8 Interference effect on ZnO 100
quantum dot-based fluorescent
sensor for the detection of Cys
80 -
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Table 1 Comparison of the
proposed ZnO quantum dots- Material Method LOD Linear range References
based fluorescence probe for the
detection of Cys with the other Lucigenin and carbon QDs Chemiluminescence 8.8 uM 10-100 uM 49
study MoS, QDs and Ag NPs Colorimetric 0.82 uM 1-100 uM 50
CeO, NCs Electrochemical 0.01 uM 0.01-5.0 uM 51
Ag NPs and graphene QDs Electrochemical 0.01 uM 0.1-200 uM 52
Hydroxyapatite NPs Fluorometric 0.11 uM 0.2-10 pM 53
Glutathione-Au NCs, Ce (1II) Fluorometric 0.15 uM 0.4-120 uM 32
Carbon QDs and Au NPs Fluorescence 0.012 uM 0.2-4.0 uM 47
ZnO QDs, SA, and MEL Fluorescence 0.642 uM 0.1-600 uM This study
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Fig. 9 Photostability of AMP- 140 o
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Table 2 Analytical application of
the fluorescent biosensor Sample  Foreign substance Cys added Cys founded Recovery Relative Standard
(uL) (puL) (uL) (%) Deviation (%)
1 BSA (10) 3.0 2.99 99.7 1.24
3 BSA (300) 3.0 3.02 100.7 2.46
4 BSA (600) 6.0 6.03 100.5 1.17
5 Tap water (10) 3.0 3.04 101.3 1.32
6 Tap water (300) 6.0 6.05 100.8 1.27
2 Tap water (600) 6.0 597 99.5 1.38
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