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Abstract We report on the use of quercetin-functionalized
gold nanoparticles (QC-AuNPs) as a colorimetric probe for
the amino acids arginine (Arg), histidine (His) and lysine
(Lys). The method is based on the aggregation of the QC-
AuNPs that is caused by these amino acids and leads to a
visually detectable color change from red to blue. The absorp-
tion maxima shift from 525 nm to 702, 693, and 745 nm,
respectively. Aggregations are confirmed by dynamic light
scattering (DLS) and transmission electron microscopic tech-
niques (TEM). The effects of the QC concentration, tempera-
ture and reaction time for the preparation of QC-Au NPs were
tested. Other amino acids do not interfere. Under the optimal
conditions, linear relationships exist between the absorption
ratios at 702/525 nm (for Arg), 693/525 nm (for His), and
745/525 nm (for Lys) over the concentrations ranges from
2.5–1,250 μM (Arg) and 1–1,000 μM (His and Lys), respec-
tively. The respective limits of detection are 0.04, 0.03, and
0.02μM. Themethod provides a useful tool for the rapid visual
and instrumental determination of the three amino acids.

Keywords Quercetin . AuNPs . Arginine . Histidine .

Lysine . UV-visible spectrometry

Introduction

The field of synthesis and studying of noble metal nanoparti-
cles sensing properties is presently a very active research area
in analytical chemistry. Since, many applications became
possible by using metal NPs as probes for various analytes
assays [1]. Meanwhile, the development of NPs-based ap-
proaches for the detection and screening of biomolecules is
an important and highly active field of research because of the
scientific and practical significance of miniaturized analytical
tools. In the last decade, designing of metallic nano probes
with higher efficacy depends on the controlled optical prop-
erties in the nanometer size range that can be of great utility in
creating new smart nanomaterials for chemical and biomole-
cules readouts from complex samples [2–4]. In the era of nano
probes, AuNPs are emerged as an integrated research area
because of their unique tunable optical properties, which
allows them to act as promising probes for signal readouts of
various molecules at minimal volume of sample. For instance,
AuNPs have been prepared by using various inorganic
(NaBH4) /organic reagents (sodium citrate, aspartic acid, tryp-
tophan, hydroxylamine) and used as colorimetric probes for a
wide variety of molecules [3–6]. Mostly, AuNPs can be
produced by reducing chloroauric acid at high temperature
with citrate as a reducing and stabilizing agent, which is
described by Turkevich’s group in 1951 [7]. Currently, many
research groups have developed AuNPs-based colorimetric
probes that involve the use of sodium borohydrate/citrate as
reducing agents followed by their functionalization with var-
ious organic molecules for chemical and biomolecules sensing
[3, 5, 8]. The colorimetric sensing ability of AuNPs is strongly
dependent on their size and surface chemistry with controlla-
ble optical characteristics, which makes them as diverse
probes for higher assay throughput. Since, the aggregation
of AuNPs (d>3.5 nm) induces interparticle surface plasmon
coupling, resulting a red-shift in their SPR peak, which can be
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observed by a visible color change from red to blue at nM
concentrations.

It is well know that amino acids play vital role in a variety
of important cellular functions and have attracted attention
because they are involved in numerous important functions in
metabolism and cell regulations [9]. Importantly, three amino
acids (Arg, His and Lys) are essentially needed for infants and
human body. Traditionally, amino acids are quantified by
using derivatization procedures coupled with various chro-
matographic techniques, which requires specific organic mol-
ecules for their derivatization and extremely time consuming.
Thus, the development of NPs-based UV-visible spectromet-
ric techniques has made it possible to detect underivatized
amino acid samples rapidly without interference from other
species in complex biological matrixes at minimal volume of
samples. Since, the size, shape and surface chemistry are very
important and played key role in controlling physico-chemical
and optical properties of AuNPs, which allow them to act as
effective colorimetric probes for various target species [3].
Recently, Lee et al. modified AuNPs with triazole acetamide
through Cu(I)-catalyzed single step reaction and used as a
probe for detection of iodide ions [10]. Chansuvarn et al.
developed a colorimetric method for detection of Hg2+ ion
by using dithia-diaza capped AuNPs as a probe [11].
Similarly, Haghnazari et al. reported the use of benzo crown-
ether modified AuNPs as a probe for detection of Ag+ ion in
aqueous solution [12].

In this connection, several chemical synthetic routes have
been described for the functionalization of AuNPs by using
various organic molecules as capping agents and used as
colorimetric probes for amino acids analysis. For instance,
Qi et al. developed simple and sensitive colorimetric method
for detection of cysteine by using carboxymethyl cellulose-
functionalized AuNPs as nanoprobes [13]. Luo et al. demon-
strated the application of ssDNA-stabilized AuNPs for simple
and sensitive detection of cysteine [14]. Patel et al. reported
the utility of p-sulfonatocalix[4]arene thiol modified AuNPs
as colorimetric probes for detection of three amino acids
(lysine, arginine and histidine) [15]. Chang and Tseng de-
scribed the use of Tween 20-capped AuNPs as selective
extracting and enriching probes for five aminothiols including
amino acids (glutathione, γ-glutamylcysteine, cysteine, ho-
mocysteine, and cysteineglycine) prior to their analysis by
capillary electrophoresis [16]. Dong et al. reported the use of
fluorescent conjugated polymer-stabilized AuNPs as fluores-
cent probes for detection of cysteine [17]. The detection of
cysteine has been accomplished by using citrate capped
AuNPs [18] and AuNPs conjugated with thermoresponsive
copolymers [19] as colorimetric probes. George’s group de-
scribed a chemical route for the synthesis of AuNPs using
cholesterol phenoxy hexanoate mesogens as a reducing and
stabilizing agents [20]. Recently, Xie et al. developed dual
detection method for cysteine by using silver nanoclusters as

colorimetric and fluorescent probes [21]. Furthermore, Jiang
et al. reported a highly sensitive, rhodamine B-capped
AuNPs-based dual readouts for sensing of organophosphorus
and carbamate pesticides in complex solutions [22]. The same
group developed azide- and alkyne- functionalized AuNPs as
colorimetric probes for quantification of proteins in various
sera and milk samples [23].

Even through these approaches successfully detected ami-
no acids and small biomolecules with high selectivity and
sensitivity, unfortunately these methods were involved exten-
sive organic framework [2] or required two organic molecules
(reducing and capping agent) [3, 5] for functionalization of
AuNPs and their uses as molecular reorganization. Therefore,
it is still a challenge to prepare controlled size AuNPs by using
one organic reagent with multi-role (reducing and capping
agent). Here we demonstrate the use of a simple one-pot
synthetic approach for water-stabilized, monodisperse
AuNPs that are coated with biomolecular recognition motifs
on their surfaces. The QC not only reduces the chloroaurate
but also acts as a capping agent on the surface of AuNPs,
which results to control their size as well as color.
Furthermore, there has been no report on the utilization of
QC as a reducing and capping agent for preparation of AuNPs
and their uses as sensor for analysis of amino acids in the
literature. Therefore, we introduced QC as a novel reagent for
one-pot synthesis of controlled size AuNPs and its application
as a colorimetric probe for simultaneous sensing of three
amino acids (Arg, His and Lys) in biological samples.

Experimental

Chemicals

Chloroauric acid (HAuCl4. xH2O), quercetin (2-(3,4-
dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one),
metal salts (Mg(NO3)2·6H2O, CaCl2·2H2O, AlCl3, Na2SO4·
10H2O, KNO3, Ba(NO3)2·4H2O) were obtained from Sigma-
Aldrich, USA (www.sigmaaldrich.com). Amino acids (Arg,
His, Lys, aspartic acid, cysteine, glutamic acid, methionine,
phenyl alanine, serine, threonine, tyrosine and glucose, urea,
uracil, guanine, guanosine, adenine and inosine) and NaOH
were purchased from SRL Pvt. Ltd., India (www.srlchem.
com). All chemicals were of analytical grade and used
without further purification. Milli-Q-purified water was used
for sample preparations.

Synthesis of QC-AuNPs

For a typical synthesis, a 10 mL of 1.0 mM HAuCl4 solution
was taken into a 50 mL round-bottom flask. To this, 0.5 mL of
2 mM QC freshly prepared in 10 mM of NaOH solution was
added in a single purge. After 15min, the light-yellow color of
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solution was changed to red color, which confirms that the
reduction of Au3+ to AuNPs. The AuNPs dispersed solution
was stored at 4 °C prior to our analysis. In order to control the
size and SPR band of AuNPs, we studied the various influenc-
ing parameters such as effect of QC concentration, tempera-
ture and time for formation of AuNPs with SPR peak at
525 nm and red color and these were measured by UV-
visible absorption spectroscopy and digital camera.

QC-AuNPs as a smart nano probe for arginine, histidine
and lysine

We prepared stock solutions of Arg, His, and Lys (1.0 mM) in
ultrapure water, and then added these amino acids (100 μL)
solutions separately into 0.5 mL of 16.9 nM QC-AuNPs solu-
tion that contained phosphate-buffer (pH 5.0). The sample vials
were vortexed for 2 min to facilitate induced QC-AuNPs ag-
gregation with target species, resulting instantaneous color
change from red to blue and UV-visible absorption spectra were
measured. All UV-visible absorption spectra measurements
were performed at room temperature under ambient conditions.

Analysis of histidine in urine samples using QC-AuNPs
as a probe

We explore the potential applications of QC-AuNPs as color-
imetric probes for analysis of His in urine samples. Urine
samples were voluntarily collected from six healthy human
(three females and three males). To determinate the concen-
tration of His in a urine sample, the collected urine samples
were diluted 50-folds using distilled water, to this, His (5,15
and 25 μM) were spiked and added into QC-AuNPs solution
that contained PBS buffer pH 5.0. The following steps were
same as those described above in the quantification of stan-
dard solutions of three amino acids.

Instrumentations

The synthesized QC- AuNPs were characterized by Maya Pro
2,000 spectrophotometer (Ocean Optics, USA, www.
oceanoptics.com). Fourier transform infrared (FT-IR) spectrom-
eter (Perkin Elmer, FT-IR spectrum BX, Germany, www.
perkinelmer.com). DLS (Zetasizer Nano ZS90, Malvern, UK,
www.malvern.com) and transmission electron microscope
(Phillips Tecnai, www.innovationservices.philips.com).

Results and discussion

Effect of QC concentration

The effect of the concentration of QC on the preparation and
functionalization of AuNPs was investigated. The QC-AuNPs
are attributed to the reduction of Au3+ byQC as reducing and as
a capping agent. The rationale behind the selection of QC is
based on the fact that it exhibits both reducing and stabilizing
groups, which allows functionalizing AuNPs in one-pot syn-
thetic approach as shown in Scheme 1. However, it can be seen
in the structure of QC, it has five phenolic groups, which can
allow electron oxidation process to form quinine. In this sense,
the concentration of QC is very important for preparation and
functionalization of AuNPs. The formation of AuNPs by using
different concentrations of QC (0.5–3 mM) was measured by
UV-visible spectrometry. As shown in Fig. 1a, the absorbance
and the position of the surface plasmon resonance (SPR) band
of QC-AuNPs are strongly dependent on the concentration of
QC. The corresponding absorption spectra and color of QC-
AuNPs were clearly indicated that the QC-AuNPs exhibited
broad SPR peak at 525 nm and the color intensity was gradu-
ally increased with increasing concentration of QC from 0.5 to
2.0 mM. It can be noticed that the SPR band at 525 nm become

Chloroauric acid 
(HAuCl4. xH2O) +

AuNPs

Au0 + OR

Oxidized structures of QC

Supramolecular assembly of oxidized QC on AuNPs

AuNPs

Scheme 1 Schematic diagram of
proposed synthesis mechanism of
QC-AuNPs
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more intense and sharp by using QC concentration at 2.0 mM.
At higher concentrations of QC (2.5–3.0 mM), the SPR band
became broad and further red-shifted (525–542 nm), resulting
color change from red to blue, which is due to the formation of
AuNPs clusters in the solution via hydrogen bonding, [24, 25],
resulting broadening absorption band in the UV–visible spec-
tra. Therefore, we selected 2.0 mM of QC as the best concen-
tration for formation of QC-AuNPs with good SPR peak
intensity and red monodispersion.

Effect of temperature and reaction time

In order to ensure whether temperature has any influence on
the reduction rates of Au3+ ions, we recorded UV-visible
absorption spectra of QC-AuNPs at different reaction temper-
atures from 0 to 100ºC. As shown in Fig. 1b, the intensity of
SPR band at 528 nm became more and the peak is very sharp
at room temperature. It was observed that the absorbance of
QC-AuNPs was very poor and the SPR peak was broad at
reaction temperatures 0, 50, 75 and 100 o C, respectively. We
also observed that the color of QC-AuNPs solution was also
changed from red to blue color at 50, 75 and 100 °C, which
that confirms their size enlargement by hydrogen bond be-
tween QC-AuNPs. Based on the above results, we carried out
QC-AuNPs synthesis at room temperature.

We also studied the effect of reaction time for the formation
of QC-AuNPs with controlled size and red color bymeasuring
UV-visible spectra at different reaction time intervals. As
shown in Supporting Information of Fig. S1, the SPR peak
intensity and color of QC-AuNPs solution were gradually
increased with increasing reaction time up to 15 min, after
that the absorption peak was slightly broad and intensity was
following down. It is well know that interparticle spacing is
decreasing with increasing reaction time, yielding slight red-
shift and broad peak [26]. The SPR peak and color of QC-
AuNPs as function of time indicates that there is a slight
aggregation after 15 min reaction time. We believe that all
Au3+ ions are completely reduced by QC at reaction time
15 min, after that AuNPs interparticle distances are gradually
decreased, and yielded to change their SPR band, but color
remains red.

Characterization of QC-AuNPs

FT-IR spectroscopy gave qualitative information about the
chemical environment of QC before and after its oxidation
in which the Au3+ ion are reduced to AuNPs. Supporting
Information of Fig. S2 shows the FT-IR spectra of pure QC
and QC-AuNPs. From FT-IR spectrum of pure QC, the peak
appearing at 1,663 cm−1 was due to characteristic stretching
vibration of C = O in QC, and the peak at 1,095 cm−1 was due
to typical benzopyran group of QC. The peaks at 1,612, 1,518,
1,431 cm−1 are corresponding to the characteristics aromatic

–C = C- stretching in QC. Importantly, a strong peak at
3,370 cm−1 represented the stretching vibrations of phenolic
–OH group in QC. However, stretching and vibrations peaks
of QC were completely decreased or changed after reduction
of Au3+ ion. For instance, the peak at 806 cm−1 arises from =
C-H deformations of the benzene ring in QC. The phenolic -
OH peaks shifted significantly to lower wave numbers at
3,783 cm−1 and their intensities were drastically decreased,
which confirms the involvement of QC in reduction of Au3+

ion through polar OH groups. Similarly, a distinct spectral
change in pure QC at 1,242 cm−1 and in QC-AuNPs at
1,249 cm−1, which confirms that the phenolic C-O-H
stretching red shift in QC-AuNPs due to molecular assembly
on AuNPs. In addition, benzopyran group and cyclobenzene
skeleton peaks are appearing in QC-AuNPs at 1,091 and
1,643, 1,518, 1,436 cm−1, confirming the presence of QC
molecules on the AuNPs surfaces. Therefore, QC was suc-
cessfully acted as a reducing and capping agent for prepara-
tion of controlled size AuNPs with QC molecular assembly in
step procedure.

Furthermore, we also calculated approximate average size
of QC-AuNPs based on UV-visible spectra of QC-AuNPs,
which is well described in the literature [27].

d ¼ exp B1
Aspr

A450
� B2

� �

where d (nm) is the size of AuNPs, Aspr and A450 are absor-
bencies of QC-AuNPs at 525 nm and at 450 nm. The B1

represents the inverse of slope (m; 3.55) of theoretical data.
The B2 is related to the B0/m (3.11) where B0 is the intercept.
Based on these calculations, we found that the SPR peak of
QC-AuNPs at 525 nm shows the particle size to be ~11.89 nm.

The hydrodynamic diameter and morphology of QC-
AuNPs were characterized by DLS and TEM (Fig. 5a and e).
As shown in Figs. 5a and e, the DLS data is well agreed with
TEM and the average size of QC-AuNPS is found to be
~15 nm. These results suggest that the QC-AuNPs are well
dispersed in solutions with an average diameter ~15 nm, which
allows to use them as colorimetric probes for sensing of
analytes. Since, the SPR peak of AuNPs at <530 nm exhibits
<20 nm diameter with visible color as red.

QC-AuNPs as a smart nanoprobe for arginine, histidine
and lysine

In order to investigate the smart nanoprobe ability of novel
QC-AuNPs, different amino acids solutions (Arg, His, Lys,
aspartic acid, cysteine, glutamic acid, methionine, phenyl
alanine, serine, threonine and tyrosine , 1.0 mM, 100 μL)
were added separately into 4.02 μM of QC-AuNPs solution
at PBS buffer pH 5 and their UV-visible absorption spectra
and color changes were measured. As shown in Fig. 2a, the
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solutions containing Arg, His and Lys have shown distinct
UV-visible spectral changes and changed the color from red to
blue for three amino acids. The results obtained clearly indi-
cate that except Arg, His and Lys no other amino acids
exhibited any distinct color change. Importantly, UV-visible
spectra also showed no existence of peaks at around 702, 693
and 745 nm in the other tested amino acids except Arg, His,
and Lys, respectively. Supporting Information of Fig. S3
shows the selectivity of QC-AuNPs for colorimetric sensing
of three amino acids.

Effect of pH

We also studied the effect of buffers on QC-AuNPs molecular
sensing ability for three amino acids by using different buffers
such as PBS, Tris HCl and ammonium acetate. As shown in
Supporting Information of Figs. S4–5, the absorbance ratios of
(A702/A525, A693/A525 and A745/A525 for Arg, His and Lys) QC-
AuNPs with three amino acids are higher at PBS buffer than that
of Tris HCl and ammonium acetate as buffers. Therefore, we
selected PBS as buffer media for the recognition of three amino
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Fig. 1 a UV-visible absorption
spectra of AuNPs by using
quercetin as reducing and as
capping agent at different
concentrations 0.5–3.0 mM. b
UV-visible absorption spectra of
AuNPs by using QC (2.0 mM) as
reducing and as capping agent at
different reaction temperatures
from 0 to 100 °C. Inset images are
the corresponding photograph of
QC-AuNPs
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acids by using QC-AuNPs as a colorimetric probe. Furthermore,
we also studied the effect of PBS buffer pH in the range of 2.0–
12.0 for three amino acids. As shown in Fig. 2b and Supporting
Information of Fig. S4, the color and absorbance ratios of QC-
AuNPs are changed upon addition of three amino acids at PBS
buffer pH range from 2.0 to 7.0. At lower pH values (pH<4), the
metallic NPs underwent self aggregation by the surface charge
neutralization [28]. At the same time, the intensities ratios of
(A702/A525, A693/A525 and A745/A525 for Arg, His and Lys) are
higher at PBS buffer pH 5.0. We also believe that at this pH, the

aggregation of QC-AuNPs was greatly induced by target
analytes through electrostatic interactions. Since, the pKa of QC
is ~5.0 [29, 30], and so at pH 5 and above most of the phenolic -
OH groupswill get negative charge (phenoxide ion).Meanwhile,
three amino acids (Arg, pI=10.76; His pI=7.59, pI ; and Lys,
pI=9.74) will get positive charge (pH<pI), resulting strong
electrostatic interactions between QC-AuNPs and amino acids.
As a result, the original SPR band of QC-AuNPs at 525 nm
decreases with the emergence of new SPR absorption bands at
702, 693 and 745 nm for Arg, His and Lys, respectively.

Fig. 2 a UV-visible absorption
spectra of QC-AuNPs in the
presence of different amino acids
(aspartic acid, cysteine, glutamic
acid, methionine, phenyl alanine,
serine, threonine and tyrosine;
1.0 mM) at PBS buffer pH 5.0. b
UV-visible absorption spectra of
QC-AuNPs in the presence of Arg
(1.0 mM) at various PBS buffer
pH from 2.0 to 12.0.
Photographic images of QC-
AuNPs in the presence of Arg at
various PBS buffer pH from 2.0
to 12.0
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Moreover, obvious color change of QC-AuNPs solution from
claret-red to blue could be observed by bare eyes as displayed in
the inset of Fig. 2b and Supporting Information of Fig. S4.
Therefore, pH 5.0was chosen for QC-AuNPs-based colorimetric
assays of three amino acids.

Colorimetric assay of three amino acids (Arg, His and Lys)

To test the analytical performance of QC-AuNPs, various
concentrations of three amino acids were added into

individual QC-AuNPs solutions containing PBS buffer at
pH 5.0. The changes of QC-AuNPs dispersions both in
terms of the color and the absorbance spectra are recorded
and shown in Figs. 3 and 4a. These results indicate that
linear correlation existed between intensity ratios (A702/
A525, A693/A525 and A745/A525 for Arg, His and Lys) and
the logarithm of the Arg, His and Lys, concentrations over
the range of 1.0 and 1,250 μM with correlation coeffi-
cients (R2) 0.983, 0.989, and 0.987, respectively. The
absorbance ratios (A702/A525, A693/A525 and A745/A525)
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Fig. 3 UV-visible absorption
spectra of QC-AuNPs in the
presence of different concentrations
of a Arg (2.5 – 1,250 μM) and b
His (1.0 – 1,000 μM) at PBS buffer
pH 5.0. Inset images are the
corresponding photographs of
QC-AuNPs color
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are increased with increasing concentration of three amino
acids concentrations in the system and showed a linear
relationship for target analytes in the 2.5–1,250 μM,
1–1,000 μM and 1–1,000 μM for Arg, His and Lys,
respectively. As a result, limits of detections were found
to be 0.04, 0.03, 0.02 μM for Arg, His and Lys, respec-
tively. Supporting Information of Fig. S6 show a linear
correlation was observed between the ratios of absorbance
(A702/A525, A693/A525 and A745/A525) versus logarithm of
three amino acids concentration (μM).

In order to know the hydrodynamic diameter and morphol-
ogy feature of QC-AuNPs before and after aggregation in-
duced by target analytes, we studied DLS and TEM for the
estimation of sizes and morphologies of QC-AuNPs. As
shown in Fig. 5, as-prepared QC-AuNPs are well monodis-
perse with an average hydrodynamic diameter ~15 nm
(Fig. 5a and e). However, after addition of Arg, His, and Lys
into QC-AuNPs, the hydrodynamic diameter of QC-AuNPs
are drastically increased to 165.4, 80.4 and 115.3 nm, which
confirms that QC-AuNPs aggregation induced by Arg, His
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Fig. 4 a UV-visible absorption
spectra of QC-AuNPs in the
presence of different
concentrations of Lys (1.0 – 1,000
μM) at PBS buffer pH 5.0. b UV-
visible absorption spectra of QC-
AuNPs aggregated Arg, His and
Lys(1.0 mM) in the presence of
other amino acids (1.0 mM) at
PBS buffer pH 5.0. Inset images
are the corresponding
photographs of QC-AuNPs color
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and Lys, respectively (Fig. 5b–d). Figure 5e–h shows the
TEM images of QC-AuNPs and their aggregation induced
by Arg, His and Lys. These results indicate that the morphol-
ogy of QC-AuNPs is completely changed due to their aggre-
gations induced by three amino acids. As can be seen in
Fig. 5e–h, the QC-AuNPs polydispersity was largely in-
creased with their aggregation induced by Arg, His, and Lys,
respectively. As a result, QC-AuNPs have an average size of
~15 nm, while their induced aggregated particles sizes were
increased to 165.4, 80.4, and 115.3 nm for Arg, His and Lys,
respectively. These results strongly suggest that the hydrody-
namic diameter and particle size of QC-AuNPs were greatly
increased due to their aggregation induced by three amino
acids. It can also be observed that the hydrodynamic size of
QC-AuNPs is comparatively large in DLS data, which is due
to water absorption on electrostatic stabilized AuNPs. As can
be seen from Fig. 5, the hydrodynamic diameters of QC-
AuNPs and their aggregation induced by three amino acids
were estimated in the range of 80.4–165.4 nm, while the TEM
images of the above AuNPs were shown in Fig. 5.

Interference studies

Interference studies were carried out in order to explore the
specific detection of Arg, His and Lys in biological samples
using QC-AuNPs as a colorimetric probe. The UV-visible

spectra of QC-AuNPs with three amino acids (Arg, His and
Lys) independently were measured in the presence of other
amino acids (aspartic acid, cysteine, glutamic acid, methio-
nine, phenyl alanine, serine, threonine and tyrosine, 1.0 mM).
As shown in Fig. 4b, no obvious interferences were noticed in
the presence of other amino acids. In order to estimate more
selectivity of QC-AuNPs among three amino acids, we stud-
ied the UV-visible spectrum of QC-AuNPs by the addition of
three amino acids (1.0 mM) along with the other amino acids
(1.0 mM). We observed that QC-AuNPs have shown greater
selectivity for Arg, His and Lys than that of aspartic acid,
cysteine, glutamic acid, methionine, phenyl alanine, serine,
threonine and tyrosine. These results indicate that other amino
acids did not interfere in the aggregation of QC-AuNPs in-
duced by Arg, His, and Lys, respectively. Furthermore, the
influence of some possibly coexisting foreign substances in-
cluding inorganic ions (Mg2+, Ca2+, Al3+, Na+, K+, Ba2+,
0.1 mM) and organic compounds (glucose, urea, uracil, gua-
nine, guanosine, adinine and inosine, 0.1 mM) were tested for
the analysis of His, Arg and Lys. As shown in Supporting
Information of Figs. S7–8, no changes in the UV-visible
spectra of QC-AuNPs with inorganic species and organic
molecules, and there is no red-shift in the SPR peak of QC-
AuNPs, which confirms that QC-AuNPs remained stable as a
red monodispersion. However, a red shift in the wavelength
and a change in color were observed only by the addition of

Table 1 Linear range, limit of detection (LOD), correlation coefficients (R2), precision and accuracy of the method for the analysis of amino acids and
His spiked urine using QC-AuNPs

Analyte Linear
range (μM)

LOD
(μM)

R2 Known
concentration
(μM)

Intra-day Inter-day

Found
concentration
(μM)a

Precision
(%)b

Accuracy
(%)c

Found
concentration
(μM)a

Precision
(%)b

Accuracy
(%)c

Arg 2.5–1,250 0.04 0.983 5.0 5.04±0.15 3.6 +0.8 5.06±0.08 1.6 +1.2

15.0 14.96±0.12 4.2 −4.0 15.03±0.06 0.4 +2.0

25.0 25.02±0.53 1.6 +2.0 25.12±0.19 0.7 +4.8

Lys 1.0–1,000 0.02 0.989 5.0 4.87±0.18 3.7 −2.6 5.27±0.11 2.1 +5.4

15.0 15.05±0.19 1.2 +3.3 15.02±0.23 1.5 +1.3

25.0 25.30±0.37 0.9 +1.2 24.67±0.22 0.9 −1.3
His 1.0–1,000 0.03 0.987 5.0 5.00±0.11 2.2 +0.0 5.10±0.11 1.8 +2.0

15.0 15.03±0.15 1.0 +2.0 14.98±0.48 2.3 −1.3
25.0 25.07±0.78 3.1 +3.0 25.65±0.35 1.0 +2.6

His spiked female urine – – – 5.0 5.80±0.14 2.0 +16.0 6.18±0.17 2.4 +23.6

15.0 15.79±0.24 1.5 +5.2 15.83±0.28 1.7 +5.4

25.0 26.09±0.65 2.5 +4.3 26.21±0.92 3.5 +4.8

His spiked male urine – – 5.0 6.30±0.23 1.8 +26.0 6.32±0.16 2.2 +26.4

15.0 15.82±0.18 1.2 +5.4 15.41±0.21 1.1 +2.7

25.0 26.45±0.10 0.3 +9.9 26.41±0.33 1.2 +5.6

aMean ± standard deviation (n=5). b Precision was calculated (RSD, %) from standard deviation/mean×100
cAccuracy was calculated from (found concentration−known concentration)/known concentration×100
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Arg, His and Lys to QC-AuNPs solutions containing the
above foreign species (inorganic species and organic mole-
cules), which was accompanied by aggregation of QC-
AuNPs. These results indicate that QC-AuNPs can be effi-
ciently used as a selective colorimetric probe for detection of
Arg, His and Lys.

Application of QC-AuNPs for analysis of His in urine samples

The analytical performance of present method was applied for
detection of His in real biological samples. Urine samples
were collected from the healthy volunteers (male and female),
Department of Applied Chemistry, S. V. National Institute of
Technology, Surat, Gujarat, India. Before validation of the
present method, we studied the spectral and color changes of
QC-AuNPs at different dilutions (0-fold to 60-fold) and at
different volume ratios (5:1 to 1:5, v/v) of urine samples
(female and male) and obtained data were shown in
Supporting Information of Figs. S9–11. It can be observed
that the color of QC-AuNPs were drastically changed by the
addition of the diluted urine samples (0-fold to 45-fold),
resulting a red-shift in the SPR band. In contrast, while the
addition of QC-AuNPs to the 50-fold of urine samples does
not lead to the obvious change in either the color or the SPR
band, as compared with those dilutions. Based on these re-
sults, we carried out the validation of the present method for
the quantification of His in urine samples at 50-fold dilution.
The diluted urine samples were spiked with known

concentration of His and then added independently into QC-
AuNPs. Intra-day precision and accuracy were determined by
repeated analysis of three amino acids from aqueous samples
and of His from urine samples in one day (n=5), while the
inter-day precision and accuracy of the methodwas performed
in different time intervals in one day (Supporting Information
of Fig. S12). Accuracy and precision for intra- and inter- day
urine samples of three amino acids were tested at three con-
centration levels (5.0, 15, and 25 μM) and the data are pre-
sented in Table 1. Intra- and inter-day accuracy and precision
of the method was found to be −1.3–3.0 % and 1.0–3.1 % for
His and–4.0–4.8 %, 0.4–4.2 % for Arg and–2.6–5.4 % and
0.9–3.7 % for Lys, respectively. The intra assay precision was
<4.2 % RSD and the inter assay precision was <2.3 % RSD
for three amino acids. It can be observed that the % recoveries
for His in the urine samples were higher than 100, this is due
to the presence of His in human urine [31]. These results
indicate that the present method shows good reproducibility
and repeatability for the analysis of three amino acids from
biological samples with higher sensitivity, simple sample pre-
treatment, faster analysis, and in particular visual identification.

Table 2 shows the comparison of the present method with
the other analytical techniques such as thin layer chromatog-
raphy [32], HPLC [33], gas chromatography-mass spectrom-
etry (GC-MS) [34] and capillary electrophoresis [35] for the
analysis of amino acids. The present method shows good
agreement with HPLC, GC-MS and CE techniques. The
LODs of the present method are close to CE and GC-MS

Table 2 Comparison of the present method with the other analytical techniques in the literature for the analysis of amino acids

Name of nano probes Analytes Linear range LOD Technique Reference

Carboxymethyl cellulose-AuNPs Cysteine 10.0–100.0a – UV-visible 13

ssDNA-AuNPs Cysteine 0.1–5.0a 0.1a UV-visible 14

Sulfonato- calix[4]arene thiol-AuNPs Lys 1.0–100a 1.0b UV-visible 15

Arg 4.0 –100a 4.0b

His 2.0–100a 2.0b

Poly(9,9-bis(4¢-sulfnoatobutyl)
fluorene-co-alt-1,4-phenylene)
sodium salt- AuNPs

Cysteine 0.05–4.0a 25.0c UV-visible and fluorescence 17

Thermoresponsive copolymer-AuNPs Cysteine 1.0–6.0a – UV-visible 19

Glutathione-AuNPs Cysteine – <3.0c UV-visible and fluorescence 21

– His 2.0–30a 0.4a UV-visible 30

– 22 amino acids – 0.01–1.0d Thin layer chromatography 31

– 26 amino acid 2.5–100e – HPLC 32

– D-amino acids – 3.2–446c GC-MS 33

– Tryptophan 1.7–3.7a 0.15c Capillary electrophoresis 34
Tyrosine 6.6–13.7a 50c Capillary electrophoresis

QC-AuNPs Arg 2.5–1250a 40c UV-visible Present method
His 1.0–1000a 30c

Lys 1.0–1000a 20c

aμM, bmM, c nM, dμg and e pmol·μL−1
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techniques and lower than the HPLC. However, this method
was successfully applied to determine amino acids in biolog-
ical samples with very short time and with minimized sample
preparation.

Conclusions

In this report, we introduced a novel reagent for preparation
and functionalization of AuNPs for selective colorimetric
sensing of three amino acids (Arg, His, and Lys) in biological
samples. We studied various influencing parameters such as
effect of reagent, temperature and reaction time for the prep-
aration of controlled size AuNPs. The QC-AuNPs acted as
effective colorimetric probe at pH 5.0 for on-site and real-time
detection of three amino acids in urine samples. Three amino
acids showed high affinity to induce aggregation of QC-
AuNPs thereby resulting in change in color from red to blue.
This study also shows that QC-AuNPs has a higher affinity for
Arg, His and Lys compared to aspartic acid, cysteine, glutamic
acid, methionine, phenyl alanine, serine, threonine and tyro-
sine. Furthermore, the preparation and functionalization of
AuNPs with QC is simple, and operated under sample-
friendly conditions. We anticipate that the QC-AuNPs as
nonoprobes will open new ways for amino acids analysis
and their investigations in biocomplex samples.
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