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15 BSA-Au NCs (bovine serum albumin stabilized gold nanoclusters)-modified
16 nitrocellulose membrane (BSA-Au NCs/NCM) has been fabricated for sensing nitrite

18 in urine.
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Fluorescence quenching is an interesting phenomenon which is highly useful in developing fluorescence
based sensors. A thorough understanding of the fluorescence quenching mechanism is essential to
develop efficient sensors. In this work, we investigated different aspects governing the nitrite ion-induced

i
o

fluorescence quenching of luminescent bovine serum albumin stabilized gold nanoclusters (BSA-Au NCs)

and their application for sensing nitrite in urine. The probable events leading to photoluminescence (PL)
quenching by nitrite ions were discussed on the basis of the results obtained from ultraviolet-visible (UV-
Vis) absorption spectroscopy, X-ray photoelectron spectroscopy (XPS), fluorescence measurements,
circular dichroism (CD) spectroscopy, zeta potential and light scattering studies (DLS). These studies

i
o

suggested that PL quenching mainly occurred through the oxidation of Au(0) atoms to Au(l) atoms in the

core of BSA-Au NCs mediated by nitrite ions. The interference caused by certain species such as Hg?",
Cu?*, CN~, S% glutathione, cysteine , etc. during the nitrite determination by fluorescence quenching were
eliminated by using masking agents and optimising the conditions. Based on the findings we proposed a
BSA-Au NCs modified membrane based sensor which would be more convenient for the real life

20 application such as detection nitrite in urine samples. BSA-Au NCs-modified nitrocellulose membrane
(NCM) enabled the detection of nitrite at a level as low as 100 nM in aqueous solutions. This Au NCs-
based paper probe was validated as exhibiting good performance for nitrite analysis in environmental
water and urine samples, which renders it useful in practical applications.

1 Introduction

Fluorescent gold nanoclusters (Au NCs) have emerged as an
indispensable material for bioimaging,? biosensing and
photonics.®> owing to their unusual optical and electrical
properties.*~” Au NCs with the sizes within the range of the Fermi
wavelength of electrons show quantum confinement effect and
w0 acquire discrete energy levels.®® One of the major factors that

controls the stability, size and photoluminescence (PL) properties

of these Au NCs in solution is the functional groups which are

protecting them, called capping ligands. The most widely used

capping ligands for the synthesis of Au NCs are thiol containing
55 molecules.’® The strong interaction between the Au and S
atoms enables the formation and stability of NCs with a small
number of atoms to hundreds of atoms.*>*® Recently, synthesis of
many protein based Au NCs have been reported.***® Au NCs
prepared in the presence of proteins such as bovine serum
albumin (BSA) are highly water soluble and stable against
aggregation.'® Furthermore, when compared with semiconductive
quantum dots (QDs) and transition metal ion-doped QDs, BSA-
Au NCs are more biocompatible and more readily
bioconjugated.’” Owing to their high PL and stability, BSA-Au
s NCs have been applied in the detection of various analytes,

)
G

IS
3

including small molecules (e.g., methotrexate, cysteine,
glutathione, vitamin  B12, dopamine, quercetin, and
glutaraldehyde)'®2* heavy metal ions (e.g., Cu*, Hg?*, and
AgH),Z % proteins (e.g., cystatin C),® and proteases (e.g.,
s0 trypsin).® They have also been employed for cell labelling (e.g.,
MCF-7)% owing to their biocompatibility, ease in preparation,
bio-conjugation, and long-wavelength emission.
Among the various Au NCs, BSA-Au NCs with 25 Au atoms
has attracted tremendous attention due to its biocompatibility and
ss its suitability for bio-sensing applications by PL quenching.
Various inorganic analytes such as CN-,*2 $2-% NO,",**%* and
Hg? * have been detected by PL quenching. Cu?" ions can
effectively quench the PL of BSA-Au NCs when it is chelated
with glycine in the BSA chain which can be used to detect other
s Species such as Hg?* that can take away Cu?* and restore the
PL.> The PL quenching of the BSA-Au NCs may occur due to
many factors such as aggregation, energy transfer, cyanide-
etching, photo-induced electron transfer or change in the
oxidation state of Au atoms in the cluster. Therefore, a thorough
es understanding of PL quenching mechanism will help the design
and development of highly selective PL based sensors.
Due to the adverse effects caused by nitrite to human health,
the need for nitrite determination in environmental and urine or
other biological samples are highly important. For example,
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excessive amounts of nitrite typically used for food preservation
have been proved to be carcinogenic, teratogenic, or mutagenic
because nitrite reacts with amines and results in the formation of
N-nitroso  compounds.®®“° Nitrites irreversibly react with
oxyhemoglobin to produce methemoglobin in the bloodstream,
thereby interfering with oxygen transport in the blood and
causing a condition called methemoglobinemia.** The nitrite ion
is also of interest as a nitric oxide metabolite in numerous
physiological ~ processes related to  neurotransmission,
vasodilatation, inflammation, cell proliferation, and apoptosis.42
The excessive concentration of nitrite in oceans, rivers, and
drinking water has caused serious hazards to human health and
aquatic organisms.***® A positive result for nitrite detection in
urine indicates a urinary tract infection (gram-negative rods such
as Escherichia coli (E. coli) are more likely to give a positive
test). Usually, the bacteria found in urine originate from the
digestive tract. The most common organism responsible for
urinary tract infections is E. coli.*” Moreover, the detection of
nitrite in urine provides evidence of not only bacteriuria but also
the presence of leukocytes.*® However, determination of nitrite in
urine and environmental samples by PL quenching method is a
challenge due to the presence of some interferrants. For example,
Cu?", Hg?*, S*, CN", glutathione, cysteine, etc., might interfere
nitrite determination in environmental water and urine samples.
Liu et al. reported the detection of nitrite in water samples by
fluorescence quenching of BSA-Au NCs.3* However, at these
conditions, the possibility of interference due to inorganic ions
such as CN-, ng", Cu® etc, in waters samples is very high,
which were not discussed in their report. Similarly, Yue et al.
reported the detection of nitrite in water samples; however,
interference issues due to Hg?" and CN~ were not discussed or
solved.® Moreover, few reports are available for nitrite
determination in complicated biological samples such as urine.
Hence, an in-depth study of the nitrite-induced quenching
mechanism at various conditions and in the presence of common
interfering species is necessary to detect nitrite in urine.

In this work, we made a detailed investigation using
ultraviolet-visible (UV-Vis) absorption spectroscopy, X-ray
photoelectron spectroscopy (XPS), circular dichroism (CD)
spectroscopy, zeta potential, and light scattering to understand the
various aspects of nitrite induced PL quenching. Based on the
studies we suggested the mechanism of PL quenching, optimum
conditions and use of masking agents to reduce the interference in
real sample analysis.

2 Experimental
2.1 Chemicals and Materials

Bovine serum albumin (BSA), phosphoric acid (H3PO,), sodium
phosphate (NazPO,), and sodium nitrite (NaNO,) were purchased
from Sigma-Aldrich (Milwaukee, WI, USA). Hydrogen
tetrachloroaurate(l11) trihydrate (HAuCl,-3H,0), sodium cyanide
(NaCN), sodium thiocyanate (NaSCN), sodium acetate
(CH3;COONa), sodium bromide (NaBr), sodium chloride (NaCl),
sodium iodide (Nal), sodium nitrate (NaNO3), sodium sulfide
(Na,S), sodium sulfate (Na,SO,4), sodium thiosulfate (Na,S,053),
mercury(Il) chloride (HgCl,), copper(ll) chloride (CuCl,),
ethylenediamine tetraacetic acid (EDTA), sodium borohydride
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(NaBH,), glutathione, and cysteine were obtained from Alfa
Aesar (Ward Hill, MA, USA). The 100 mM phosphate buffer
solution was adjusted to pH 3 by mixing different volume ratios
of H3;PO, (100 mM) and NasPO, (100 mM). Nitrocellulose
membrane (NCM) was purchased from GE Healthcare
Bioscience (Buckinghamshire, UK). Milli-Q ultrapure water
(Millipore, Billerica, MA) was used in all the experiments.

2.2 Preparation and characterization of BSA-Au NCs

BSA-Au NCs was prepared by following a previously reported
procedure.”® The BSA was used as such without any denaturing
process. In a typical process, 5 mL of aqueous BSA solution (50
mg/mL, 37 °C) was added to 5 mL of HAuCI, solution (10 mM,
37 °C) with vigorous stirring. Approximately 2 min later 0.5 mL
of NaOH (1 M) was introduced and the reaction was allowed to
proceed at 37 °C for 12 h with vigorous stirring. The BSA-
protected Au,s nanoclusters thus produced were stored at room
temperature. The concentration of the as-prepared BSA-Au NCs
is calculated as 200 pM.

Circular dichroism (CD) spectroscopy measurements of BSA-
Au NCs were carried out using a J-815 spectropolarimeter
(JASCO, Inc., Easton, MD). The PL and UV-Vis absorption
spectra of BSA-Au NCs were recorded using a microplate
spectrophotometer (Synergy 4 Multi-Mode, Biotek Instruments,
Winooski, VT). For the analysis using X-ray photoelectron
spectroscopy (XPS; PHI 5000 VersaProbe XPS, Ulvac
Technologies, Japan) portions of the BSA-Au NC solutions (10
puL) were placed on a Si substrate and then dried at ambient
temperature. The XPSPEAK software (Version 4.1) was used to
deconvolute narrow-scan XPS spectra of Au 4f of BSA-Au NCs
in the absence and presence of nitrite ions using adventitious
carbon to calibrate the binding energy of C1s (284.5 eV).

2.3 Nitrite induced PL quenching of BSA-Au NCs

A series of mixtures (0.5 mL) of nitrite ions (0—-100 uM) and 0.2
UM BSA-Au NCs in buffer solution (50 mM sodium phosphate;
pH 3) were equilibrated at room temperature for 1 h and then
transferred separately into 96-well microtiter plates. Their PL
spectra were recorded using a Synergy 4 Multi-Mode microplate
spectrophotometer with excitation wavelength of 375 nm.

2.4 Fabrication of BSA-Au NCs/NCM for the detection of
nitrite ions

Ten pieces of an NCM were cut to a size of 0.3 cm (radius) and
immersed in the BSA-Au NC solution (20 uM, 10 mL) in a 20
mL sample bottle. After 3 h of incubation, BSA-Au NC-modified
NCM (BSA-Au NCs/NCM) was gently washed with DI water
(approximately 20 mL) and then immersed in 0.1% BSA (10 mL)
solution for 1 h for blocking the unspecific sites. Subsequently,
BSA-Au NCs/INCM was gently washed with DI water
(approximately 20 mL) for 30 s and then air-dried at room
temperature for 1 h prior to use. The BSA-Au NCs/NCM probes
remained stable for at least 3 months when stored at room
temperature in the dark. The image of BSA-Au NPs/NCM for PL
analysis was obtained using an inverted microscope (1X71,
Olympus, NY, USA). Their PL spectra were recorded using a

1o Synergy 4 Multi-Mode microplate spectrophotometer.

3 Results and Discussion

2 | Journal Name, [year], [vol], 00—00
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3.1 Nitrite-induced PL quenching of BSA-Au NCs

BSA-Auys nanoclusters were prepared from a mixture of BSA
and AuCl,” in highly basic conditions (50 mM NaOH).*® During
the synthesis of Au NCs, initially, Au®* ions were mainly reduced
s by the 21 tyrosine (Tyr) residues in BSA through the phenolic
groups in alkaline medium.®® Clusters composed of 25 gold
atoms were formed and stabilized by the thiol group of cysteine
in BSA. BSA-Au NCs have been proposed to have a core—shell
structure in which 13 Au(0) atoms form an icosahedral core
10 surrounded by six —S—Au(I)-S—Au(I)-S— staples constructed
through various Au—Au and Au-S bonds.* Quantum yield (QY)
of the as-prepared BSA-Au NCs is approximately 6%, as
assessed by comparison with quinine (QY, 53%). We compared
the PL spectrum that was recorded on the same day of
15 preparation (1% day, denoted as BSA-Au NCs/1%d) and after 7
days (7" day, denoted as BSA-Au NCs/7"d) in the absence and
presence of nitrite in a 50 mM phosphate buffer solution (pH 3).
After being excited at 375 nm, BSA-Au NCs showed an emission
band centered at 660 nm (curve A in Fig. 1), which was
20 consistent with the observation of Xie et al.* PL of BSA-Au NCs
originated from the icosahedral core of Au(0) atoms mixed with
[-S-Au(1)-S-Au(l)-S-] semirings.*® The electron—phonon
scattering, Au(l)-Au(l) interaction, and exterior ligands play
major roles in PL intensity and stability.”® BSA-Au NCs/7"d
s (curve B in Fig. 1) showed a slight increase in PL intensity
(approximately 15%) compared with BSA-Au NCs/1%d. This
could be due to small conformational changes of BSA. This fact
is supported by a recent report by Zhang et al. which shows that
the conformational changes of the ligand enhances the PL for
20 BSA protected Au NCs.*® Moreover, the PL quenching effect on
BSA-Au NCs/7"d (approximately 42.0% of its original value) by
nitrite ions (10 uM) was much higher than that of BSA-Au
NCs/1%d (approximately 27.2%). In contrast, BSA-Au NCs did
not show significant changes in their UV-visible absorption peak
35 in the presence of nitrite (Fig. S1, Supporting Informationt)
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Fig. 1. PL spectra of 50 mM sodium phosphate (pH 3) containing (A, C)
BSA-Au NCs/1%d (0.2 uM) and (B, D) BSA-Au NCs/7"d (0.2 uM) in the
(A, B) absence and (C, D) presence of nitrite (10 uM). Inset: time course
of the relative PL intensity [(Ip.° — Ip.)/1p.%] of BSA-Au NCs/7"d at 660
nm after the addition of nitrite, where 15.° and Ip_ are the PL intensities of
BSA-Au NCs/7"d in the absence and presence of nitrite, respectively.
Excitation wavelength, 375 nm. PL intensities (lp.) are plotted in arbitrary
units (a. u.).

suggesting that nitrite did not induce aggregation of BSA-Au
NCs or significant structural changes in BSA. The insignificant
difference between the fluorescence lifetimes of the BSA-Au
NCs/7""d in the absence and presence of 10 pM nitrite (Fig. S2,
Supporting Information) suggested a static quenching mode for
the NO,™ induced fluorescence quenching of BSA-Au NCs.* The
PL quenching of BSA-Au NCs/7"d reached its maximum within
30 min after nitrite (10 pM) was added to the mixture (Inset, Fig.
1).

45 3.1.1 Characterization of BSA-Au NCs by DLS and CD

spectroscopy

4

S

The significant nitrite-induced PL quenching of BSA-Au

NCs/7"d was probably due to its loose BSA structure, which

facilitated the interaction of the nitrite ion with the Au cluster.

The as-prepared BSA-Au NCs incubated in alkaline solution (pH

approximately 12) for 7 days may have undergone some manner

of partial denaturation of BSA molecules. The change in the
structure of BSA in BSA-Au NCs/7"d may explain the increase
in the PL intensity and the enhanced quenching effect of the
ss nitrite anion. Based on dynamic light scattering (DLS)
measurements, we estimated the hydrodynamic diameters of

BSA-Au NCs/1%d (2 uM) and BSA-Au NCs/7"d (2 uM)

assemblies as being 10.1 (x0.6; n =5) and 12.1 (£1.5; n = 5) nm,

respectively, supporting that BSA underwent only a slight change

(denaturation) after 7 days of incubation. At pH above 9, BSA

undergoes changes in conformation and attains the basic B form

and after 3 or 4 days it will be changed to A form by an
isomerisation process® which provides an appropriate milieu for

Au NPs inside the BSA.

s The CD spectra of BSA-Au NCs/1%d and BSA-Au NCs/7"d are
shown in Fig. 2. The CD spectrum of BSA exhibited two
negative minima in the ultraviolet region at 210 and 222 nm,
which were characteristic of an a-helical protein structure.
However, after the formation of BSA-Au NCs, the CD spectra

70 showed that the negative band observed at 210 nm for BSA
shifted to 208 nm. Moreover, the valley of BSA-Au NCs/7""d at
222 nm was much and slight shallower than that of pure BSA and
BSA-Au NCs/1%'d, respectively. This observation implies a
decrease in the a-helical content and an increase in random coil
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Fig. 2 CD spectra of 50 mM sodium phosphate containing (A) BSA, (B)

BSA-Au NCs/1%d (2 pM) and (C) BSA-Au NCs/7"d (2 pM). Other
conditions were the same as those described in Fig. 1.
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:2L structures of BSA-Au NCs/7"d. could direct the oxidation of BSA-Au NCs. Because nitrite in an
3 3.1.2 Study of nitrite-induced quenching by zeta potential acidic solution is unstable with respect to the disproportionation
-d ' : + - 55
4 light scattering and XPS techniques reaction (3 HNOjq) <> H3O" + NO; + 2 NO),™ we cannot rule
5 o ) out the possibility of NO-induced PL quenching of BSA-Au NCs
o L(é 1;7r\tggrstand tpe mglte-tmdu?dt'PILI'thenCh:tng' of B?jAXﬁg x occurring through the S-nitrosk_’)glation reaction between NO and
s NCs/77d, we performed zeta potential, lignt scattering, an cysteine to form S-nitrosothiol.
7 measurements. The zeta potentials of BSA-Au NCs/7"d in the L . L
8 absence and presence of 10 uM nitrite were 4.94 + 0.31 mV (n = 3.2 Application of BSA-Au NCs for detection of nitrite
90 5) and 4.88 + 0.25 mV (n = 5), respectively, in 50 mM sodium 3.2.1 Effect of pH on selectivity and sensitivity
1 . . aye .
11 phosphate (I.)H 8). We also determ|t2ed the mte.nsmes of the static We further studied the effect of pH on the selectivity and
10 light scattering of BSA-Au NCs/7"d (2 pM) in the absence and e th ;
12 o . _ a5 sensitivity of the BSA-Au NCs/7"'d probe for the detection of
presence of nitrite (100 pM) as being 33.4 + 4.3 keps (n = 5) and - . . . .
13 _ . . nitrite. We determined the relative PL intensity decrease of BSA-
34.4 + 2.8 keps (n = 5), respectively. The zeta potentials and th 0 .
14 Y . o Au NCs/7"d (0.2 uM) at 650 nm [(Ip.° — Ip.)/1p ] in the presence
static light scattering results suggest that the possibility of PL - : . : . .
. T . . . of 22 different anions and metal ions species (10 uM) in sodium
15 quenching due to nitrite-induced changes in particle size, surface .
. L phosphate (50 mM) at pH 3, pH 7, and pH 11. Fig. 4A reveals
16 15 charge and aggregation can be ruled out. The binding energy (BE) th . .
. thy so that the BSA-Au NCs/7"'d probe in sodium phosphate at pH 3
17 for the Au 4f;, electrons in BSA-Au NCs/7"d in the absence of L ) e .
18 nitrite was 84.1 eV’ (curve A, Fig. 3), which was within the range exhibited superior selectivity compared with that observed at pH
: SR 7 and pH 11. In a neutral or basic medium, the basic forms of S*,
19 from 83.5 eV for bulk Au to 85.0 eV for a polynuclear Au(l)- - : . )
. 52 . CN", cysteine, and glutathione react with BSA-Au NCs through
20 thiol complex.> In contrast, BE for the Au 4f;, electrons in BSA- - i
tha - o strong Au-S, Au-CN, or Au-thiol interactions. Fortunately, a
21 20 Au NCs/7"d in the presence of 100 uM nitrite was 84.9 eV L th o
22 (curve B, Fig. 3), suggesting an increase in the oxidation state of ™ ?(;ﬁzts&azellrzzg;llnya;fiéti dB;/:r?;c:\cliiisﬁegiSrr:tZ;OtOr\;VS/Irds;c;tiUrts
23 the Au atoms in Au NCs. Because PL intensity was dramatically y .
. . . 15 phosphate, pH 3). However, strong PL quenching of BSA-Au
24 influenced by the polynuclear Au(l)-thiol units on the surface, NCs was observed in the presence of Cu2* or Ha?* through stron
25 the nitrite-induced PL quenching presumably occurred mainly CU_AU and HO-Au auro philic attractions. In tr?e resen?:e of thg
26 2 through the oxidation of Au(0) atoms to Au(l) in the core of 7. 9- P - INThe p i
27 BSA-Au NCs mediated by the nitrite ions through electron ® masking agents ethylenediamine tetraacetic actlhd (EDTA; 1.0 mM)
28 transfer between the nitrite and Au(0) units in an acidic solution. and NaBH, (0.5 mM), the .BSA'AU NCs/77d ser;sor bem"ff"
29 In acidic medium, nitrite anions react with H* ions to form almost_completely free of |nt_erference from C_u and Hg !
30 nitrous acid, which further reacts with H" ions to form nitrosyl respectively. EDTAZ’ a popular ligand for most cations [formation
' + : AH
31 » cations (NO*) and water, as shown in equation (1.5 constant, logk (Cu“™~-EDTA) = 18.80], was useful in providing
30 ' ' 6s more competitive binding and better PL recovery. Hg*" also
W COH o+ H 4 1 strongly bound EDTA [logK (Hg>*~EDTA) = 21.7]; however, the
33 OErO— RO M "Tfo >N-0+H,0 —(1) complexation did not change the oxidation state of mercury, and
gg 1 it was still capable of binding Au* for quenching.*® Borohydride
36 The nitrosyl cation is electron deficient and can react with Au (N‘;BH“: 802|+—|‘ — NaBO, + 6H,0 + 8¢) can easily reduce th;
37 NCs in acidic medium through electron transfer process. In ™ Hgo [E (Hg™"/Hg) = 0.85 2/] BEI not the more stable Cu
38 addition, in acidic medium, the nitrite ion is a strong oxidizer (2 [E°(Cu™/Cu) = 0.34 V] or [E (Cu™/Cu’) = 0.17 V]. As indicated
39 mHNO,+4 H* + 4 & < N,O + 3 H,0; E® = 1.20V):% therefore, it in Fig. 4B, BSA-Au NCs/? d showed greater sensitivity for the
detection of nitrite anions at pH 3 (50 mM sodium phosphate)
40 (A owing to the high oxidizability of nitrite only in an acidic
4l . :"‘3 -~ 75 environment. The high oxidizability of nitrite only under acidic
42 = = =§ conditions is also very helpful to distinguish it from other
43 g < =1 oxidants in the same system. BSA undergoes conformational
44 E h changes with the change in pH. For example, according to
45 72 Leonard et al. BSA undergoes an abrupt expansion at pH 4.3 and
46 ; s Will attain E conformation in the pH range from 2.8 to 3.4 that
47 v could be another reason why nitrite induced PL quenching of
48 = BSA-Au NCs is maximum in pH 3.5 Stobiecka et al. also
49 § reported a reversible conformational transition for BSA film on
50 gold piezoelectrode due to the change in the electrode charge and
51 ss local pH caused by the electrocatalytic nitrate ion reduction.®
52 The plots of [(Ip.° — Ip)/Ip] against the logarithms of the
53 33 35 a7 39 01 03 concentrations of nitrite over the range from 100 nM to 100 pM
54 Binding Energy (eV) were all linear, with correlation coefficients (R) of 0.97 (Fig.
55 . " 4Ba). 1p.° and lp,_ are the PL intensity of the BSA-Au NCs/7"d
56 Fig. 3 Au 4f core-level photoelectron spectra of BSA-Au NCs/77d (2 kM) %0 probe in the absence and presence of nitrite, respectively. This
in the (A) absence and (B) presence of nitrite (100 uM). The binding P p X A L P . Y-
57 energy (BE, 285.3 V) of the alkyl chain C 1s orbital is given as an probe enables analyses of nitrite with a limit of detection (LOD at
58 internal reference. S/IN = 3) of 50 nM, which is considerably lower than the
59
60
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Fig. 4 (A) Relative PL changes [(Ip.° — Ip.)/Ip.°] in the BSA-Au NCs/7"d (0.2 tM) probe toward nitrite (10 1M), other anions (10 uM each), cysteine (10
uM), glutathione (10 uM), and heavy metal ions (10 uM each) in 50 mM sodium phosphate at (a) pH 3, (b) pH 7, and (c) pH 11. (B) Relative PL
intensities [(Ip.° — 1p.)/15.°] of BSA-Au NCs/7"d (0.2 M) plotted with respect to the nitrite concentration (0—100 1M) in 50 mM sodium phosphate at (a)
pH 3, (b) pH 7, and (c) pH 11. The concentrations of NaBH,and EDTA masking agents for Hg?* and Cu®* are 0.5 mM and 1.0 mM, respectively. Error
bars represent standard deviations from three repeated experiments. Other conditions were the same as those described in Fig. 1.

maximum level of nitrite in drinking water (approximately 21.7
uM) permitted by the U.S. Environmental Protection Agency
(EPA).%® This LOD was comparable with or better than those
obtained using other nanomaterial-based sensors for nitrite.®:-5
The good sensitivity and wide linearity for the detection of nitrite
suggests a great potential of BSA-Au NCs/7"d for application in
bioassays.

3.2.2 BSA-Au NCs/NCM-based sensor for nitrite

We further developed a simple paper-based BSA-Au NCs/NCM
nanocomposite for nitrite sensing. The BSA-Au NCs/NCM film
was prepared for the luminescent detection of nitrite by taking
advantage of the easy immobilization of BSA-Au NCs into NCM
and the strong quenching ability of nitrite toward BSA-Au NCs.
NCMs are widely used as blotting matrices for protein
immobilization, with hydrophobic interactions being mainly
responsible for the adsorption of proteins onto NCM, allowing
impurities to be removed through washing. The PL images of
BSA-Au NCs/NCM shown in Fig. 5 reveal that the NC fibers
were homogenously associated with the adsorbed BSA-Au NCs.
We also used BSA-Au NCs/NCM for nitrite sensing. We
recorded the red PL component (lp) of BSA-Au NCs after
reaction with nitrite (0—100 uM). In the presence of solutions of
50 mM sodium phosphate (pH 3), BSA-Au NCs/NCM detected
nitrite at a level as low as 100 nM. To validate the practicality of
our proposed sensing strategy for analysis of environmental
samples, we used BSA-Au NCs/INCM to determine the
concentrations of nitrite spiked in tap, river, lake, and sea water
samples. Prior to analysis, the samples were filtered through a

0.2-um membrane and diluted twofold in a 50 mM sodium
30 phosphate solution (pH 3). The concentrations of nitrite spiked in
twofold-diluted tap, river, lake, and sea water samples in the 0—
100 uM range were detected using the BSA-Au NCs/NCM probe.
We obtained a similar LOD (100 nM) of nitrite for these four
water samples (Fig. S3, Supporting Informationt). The sensing
s parameters of the proposed sensor have been compared with
those of other nanomaterial based fluorometric/colorimetric

5.0 10.0 50.0

[NO, J(uM) 0.0 1.0
i 1

(B) 1.0

T = Ip )y, " (2. u.)
7
-

0.0 []

[NO,|(uM)
Fig. 5 (A) Photographic images of PL. (B) Relative signal intensities [(Ip.°
— 1p.)/15.°] of BSA-Au NCs/NCM in the presence of nitrite (0100 uM) in
50 mM sodium phosphate solutions (pH 3). Ip.° and Ip_ are the red PL
component of BSA-Au NCs/NCM in the absence and presence of nitrite,
respectively. Error bars represent standard deviations from four repeated
experiments.
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Fig. 6 Relative signal intensities [(Ip.° — 15.)/15.°] of BSA-Au NCs/NCM
in the presence of spiked nitrite (0-100 uM) in 10-fold-diluted urine
samples. Error bars in represent standard deviations from three repeated
experiments. Other conditions were the same as those described in Fig. 5.
nitrite sensors (Table S1, Supporting Information). Yue et al.
detected nitrite in the same linear range and a LOD of 30 nM.*
However, the study on interference due to Hg?" is lacking, which
is essential for real water sample analysis, because Hg®* can
s quench the fluorescence of BSA-Au NCs by metallophilic Hg?"—
Au* interaction. Also, CN™ can quench the fluorescence in higher
pH by cyanide etching-induced fluorescence quenching of gold
nanoclusters.® By operating our probe in low pH, such
interference was ruled out. Similarly, Liu et al. reported a very
w0 low detection limit of 1 nM for detection of nitrite in water
samples, at pH 7.4, but Hg?*, CN~ inference is not mentioned.*
Furthermore, we used our BSA-Au NCs/NCM sensor system
to determine nitrite concentrations in human urine samples
because their levels can be indicative of bacterial infection. As
15 shown in Fig. 6, the relative signal intensities of [(Ip.° — Ip.)/1p.°]
increased on increasing the spiked concentration of nitrite ions in
10-fold-diluted urine samples over the range of 0-100 uM. Ip°
and lp, are the red PL components of BSA-Au NCs/NCM in the
absence and presence of spiked nitrite, respectively. LOD for this
20 complicated biological sample was approximately 250 nM, which
is at least one order of magnitude lower than those of other
clinical urinary nitrite tests.® 7 Thus, BSA-Au NCs/NCM
system is a practical tool for monitoring nitrite ions in natural
water and has a high potential for the diagnosis of urinary tract
25 infections.

Conclusions

A detailed investigation was carried out on the various factors
influencing nitrite-induced PL quenching of BSA-Au NCs using
different techniques. BSA-Au NCs went through some
% conformational changes after seven days of preparation, notably,
a decrease in the « -helical content and an increase in the random
coil structure, and it resulted in increase in PL. However, nitrite
ion did not make any major structural changes to BSA. Among
the various possible quenching mechanisms, nitrite induced
35 quenching by the oxidation of Au(0) to Au(l) was the dominant
one. The optimum condition for the effective determination of
nitrite without interference was found to be pH 3. Also, different
factors that interfere the nitrite quantification in environmental

and urine samples have been studied. Based on the findings about
40 the mechanism of PL quenching, influence of pH and interference
studies, we proposed a BSA-Au NCs modified NCM based nitrite
sensor. The sensor can be used as a strip, and it successfully
overcome the interference of heavy metals such as Cu?* and Hg?*
and other common interferrents such as CN-, S%7, glutathione,

a5 cysteine, etc. in water as well as urine samples.
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