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Poly (9-(2-diallylaminoethyl)adenine HCl-co-sulfur dioxide) (Poly A) deposited on silica nanoparticles
self-assembles to form hierarchically ordered nanocapsules. These nanocapsules can be conjugated with
curcumin. The curcumin-conjugated nanocapsules are found to be spherical in size and their size ranges
between 200 and 600 nm. We found that curcumin conjugated with silica nanoparticles marginally
shows a selectivity (~20%) for guanine over adenine, cytosine, thymine and uracil, but this selectivity is
extraordinarily amplified to more than 500% in curcumin-conjugated nanocapsules prepared from the
above procedure. FT-IR spectra along with lifetime measurements suggest that specific interaction be-
tween adenine moieties of Poly A nanocapsules and thymine/uracil does not affect the fluorescence of
poly A nanocapsules. Thus, the sensitivity and selectivity for guanine estimation is due to hydrophobic
interactions, which are assisted by the low water solubility of guanine as compared to the other nu-
cleobases. The present method illustrates a wider linear dynamic range in the higher concentration range
as compared to the reported methods. Finally, the degradation study proves that stability of curcumin is
improved dramatically in such nanocapsules demonstrating that nanotechnology could be a viable
method to improve selectivity of specific analyte and robustness of probe molecule during fluorescence

based bio-sensing.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Nanotechnologies and nanomaterials are getting widely uti-
lized in sensor designing since past 10 years (Zhang et al., 2009).
During this period this field has witnessed fast development and
advancement. The importance of nanomaterials is not only re-
ferred to their geometric size but also due to the fact that a change
from macro-/micro- to nano-scale qualitatively changes the phy-
sicochemical characteristics such as magnetism, optical refraction,
electric conductivity, thermal stability and strength, light absorp-
tion and emission. It also produces new materials of the same
chemical nature, but having properties and reactivity that are
lacking in macro- and micro-scopic materials, thus opening new
possibilities for sensor designing. All types of nanoparticles can be
incorporated into different inorganic and organic materials to
develop nanoscale sensors. Such nanosensors can be applied in
both gas and liquid media analysis (Shtykov and Rusanova, 2008).
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Recently, there have been tremendous demands for utilizing na-
nomaterials as biosensing probes. Based on the hybridization be-
tween a target and its complementary probe, various electro-
chemical and optical methods have been successfully used (Sas-
solas et al., 2008).

The introduction of nucleic acids' fluorescent labeling method
has opened up the ability of utilizing such systems for further
research and development. The recent years have witnessed rapid
growth of fluorescent probes as well as wide development of
homogenous fluorescence assays, including those based on fluor-
escence resonance energy transfer (FRET) or quenching mechan-
isms for nucleic acid detection (Didenko, 2006). These probes like
molecular beacons are labeled with both a quencher dye and a
fluorescent reporter, where the reporter fluoresces when the two
dyes are physically separated after the hybridization (Wang et al.,
2011). At the same time determination and separation of nucleo-
bases is an important and challenging task due to the significance
of these compounds in numerous biological processes. Adenine
(A), cytosine (C), guanine (G), thymine (T) and uracil (U) are the
building blocks of both RNA and DNA that play an important role
in the storage of genetic information and protein biosynthesis
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(Brown, 1987). Thus, the identification and estimation of in-
dividual nucleobases are crucial to understand the sequence of
nucleic acids (Blazej et al., 2005). DNA sequencing has been of
great interest for human genomics, forensic sciences, genetic en-
gineering and medicinal applications. Selective estimation of in-
dividual nucleobases has tremendous potential application during
DNA sequencing (Adams et al., 2007). Besides being one of the
building blocks of DNA/RNA (to store genetic information and for
protein biosynthesis) (Wang et al., 2008), guanine concentration is
used to measure degree of oxidative damage to DNA (Li et al,
2012), because guanine is easily oxidized by different types of
oxidants and free radicals (Li et al., 2012; Abbaspour and Noori,
2008). The widespread effect of guanine on cerebral circulation
and coronary, control of blood flow, prevention of cardiac ar-
rhythmias, modulation of adenylate cyclase activity, inhibition of
neutrotransmitter release, etc. Zhu et al. (2013) have made gua-
nine estimation a challenging and crucial task in clinical medicine,
biological science and analytical chemistry.

Available methods for guanine estimation based on electro-
chemical assays, chromatography and capillary electrophoresis
suffer due to labor-intensive electrode procedures, poor stability of
electrodes or complicated and expensive equipment. The simple,
fast and selective fluorescence method has attracted for selective
determination of nucleobase. Further fluorescence markers are
widely used in electrophoresis where a fluorescent marker specific
to particular nucleobase may ease the analytical procedure during
nucleic acid sequencing (Mahmodian et al., 2008). The interaction
of gold nanoparticles and nucleobases has been reported, where
experiments showed that A, G, C and T specifically interact in a
sequence based manner with the surfaces of gold (Sharma et al,,
2007). Moreover, the interaction of organic nanoparticles with
nucleobases has been investigated showing different fluorescence
responses for the four nucleobases (Xu et al., 2008).

In the present work, we have applied the method of self as-
sembly to synthesize nanocapaulses based on Poly (9-(2-diallyla-
minoethyl)adenine HCl-co-sulfur dioxide) (Poly A). Poly A as pre-
pared in our lab is a polymer of adenine along with a poly amine
backbone. In this nanocapsule formation method, Poly A is de-
posited on silica nanoparticles (NPs) to which curcumin is in-
corporated subsequently as a fluorescence probe for the detection
of nucleobases, in specific for the estimation of guanine. The na-
nocapsules are of various sizes ranging from 200 to 600 nm. The
detection mode is based on the change in the fluorescence in-
tensity of curcumin. The advantages of such technique are:
(i) synthetic procedure is easy, (ii) it does not require long hours of
nanocapsules preparation, (iii) materials are stable and robust, (iv)
it is highly selective for guanine among nucleobases and, (v) it has
a wider linear dynamic range.

2. Materials and methods
2.1. Materials

Curcumin was obtained from Acros Organics. Poly A was syn-
thesized as shown in Fig. 1A using a procedure explained earlier
(Bouhadir et al., 2012). The nucleobases including adenine, gua-
nine, cytosine, thymine and uracil (structure shown in Fig. 1B)
were obtained from Sigma-Aldrich and their stock solutions were
prepared in de-ionized water. Silica LUDOX® HS-40 Colloidal Silica
was also obtained from Sigma-Aldrich.

2.2. Preparation of Poly A nanocapsule

Encapsulation of curcumin inside the nanocapsules was made
using Poly A as the structure directing agent. In this process 1.3 mL
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Fig. 1. (A) Chemical structure of Poly (9-(2-diallylaminoethyl)adenine HCl-co-sul-
fur dioxide) (Poly A). (B) The nucleobases used and their corresponding chemical
structure. (C) [llustration of Poly A interacting with SiO, NPs, and curcumin to form
nanocapsules.

of Poly A (2mgmL~') was gently vortex mixed for 20s with
7.8 mL of negatively charged silica nanoparticles. The obtained
cloudy suspension was aged for 2 h; then it was centrifuged for
20 min at a speed of 4450 rpm. Poly A and SiO, aggregates were
collected. To the latter precipitate 0.5 ml of curcumin (1 mg mL™!
prepared in 10% acetone/de-ionized water solution) and 2.5 ml of
de-ionized water were added. The mixture was allowed to age for
30 min, and again centrifuged for 20 min at a speed of 4450 rpm.
The precipitate of nanocapsules formed was washed with de-io-
nized water for 3 times to remove the excess of curcumin. The
preparation method is depicted in Fig. 1C. Finally it was dispersed
in 3mL of de-ionized water for further characterization and
investigation.

2.3. Morphological characterization

Scanning electron microscopy (SEM) analysis was done using a
Tescan, Vega 3 LMU with Oxford Edx detector (Inca XmawW20)
SEM, where 3 mg of the nanocapules was dissolved in 5 ml of de-
ionized water, and a few drops of the nanocapsule suspension
were mounted on an aluminum stub, coated with carbon adhesive.
After being dried the sample was ready for the SEM analyses. The
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particle size distribution was analyzed using a DLS (Brookhaven
Instruments Corps) technique with a laser source of 658 nm and a
PMT detector (HAMAMATSU, HC120-30). The software used was
90Plus Particle Sizing Software Ver. 5.23 and the dust was set at
40.

2.4. Spectroscopic measurements

FT-IR spectra were recorded using a Thermo Scientific Nicolet
iS5 FT-IR Spectrophotometer where the sample was placed on the
crystal plate and sealed with the tip. The absorption spectra were
recorded using a JASCOV-570 UV-vis-NIR Spectrophotometer at
room temperature. The steady-state fluorescence spectra (excita-
tion and emission) were recorded at room temperature using Jo-
bin-Yvon-Horiba Fluorolog III fluorometer and the FluorEssence
program where the excitation and emission slits width was 5 nm.
The source of excitation was a 100 W Xenon lamp, and the de-
tector used was R-928 operating at a voltage of 950 V. The fluor-
escence lifetime measurements were done using the same in-
strument except a pulsed diode laser of excitation wavelength
405 nm was used for excitation. Instrumental response (prompt)
for lifetime measurement was carried out using colloidal non-
fluorescent particles. The decay data were analyzed using Data
Analysis Software.

3. Results and discussion

When curcumin was mixed with silica nanoparticles, the
fluorescence emission spectrum showed a large blue-shift from
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~550 nm in water to around 495 nm. This large shift might not be
due to change in local environment (Patra and Barakat, 2011),
unlike the case observed for curcumin embedded in the phos-
pholipid membranes (Patra et al., 2012). The bulk solvent en-
vironment of silica particles is still an aqueous medium; therefore,
such shift could only be explained based on the strong association
of curcumin with silica particles. Interaction of curcumin-silica
NPs complex with different nucleobases (see Fig. 2A) very slightly
shifted the maximum towards the lower wavelength range.
However, when the fluorescence intensity of curcumin-silica NPs
complex was compared in the presence of different bases (fixing
the concentration at 1 mg/mL for nucleobases), the fluctuation of
fluorescence intensity, which was measured at around emission
maximum, illustrated a different behavior. Fig. 2B depicts that the
fluorescence intensity of curcumin-silica NPs complex was mar-
ginally quenched in the presence of most of the nucleobases (3%
for uracil, 5% for thymine, 9% for adenine and 15% for cytosine)
except for guanine, in which case a remarkable 20% enhancement
of fluorescence intensity was observed. Although this trend is
positive, the change is not significant to get a conclusive selectivity
for guanine for fluorescence sensing in the presence of other
nucleobases.

To further improve the effectiveness towards selective sensing
for guanine, we tested a synthesized polymer, Poly A, which
contains adenine moieties along with polyamine backbone. The
structure is shown in Fig. 1A. In this case silica nanoparticles were
mixed with Poly A and then curcumin was added to form large
aggregates as explained in Section 2. The pre-synthesized data,
controlled experimental conditions and optimized data for
synthesis of such aggregated complex (or nanocapsules) using
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Fig. 2. (A) Fluorescence spectra of curcumin with silica NPs in the presence of various nucleobases excited at 425 nm, where the concentrations of curcumin and nucleobases
were fixed at 5 uM and 1 mg/ml, respectively. (B) Relative change in fluorescence intensity of curcumin with silica NPs in the presence of nucleobases when the fluorescence
intensity of curcumin with silica NPs without nucleobase was normalized to 1. The excitation wavelength was 425 nm and the emission wavelength was 495 nm. (C) SEM
images of nanocapsules containing silica NPs, curcumin and Poly adenine (Poly A) at 500 nm resolution and (D) 200 nm resolution. (E) TEM image of silica NPs used at

100 nm resolution.
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negatively charged particles/ions and positively charged polymer
are reported by us elsewhere (Mauslmani and Patra, 2014);
therefore, we did not repeat to investigate mechanism of nano-
capsules formation in the present case. At the same time, these
aggregates were characterized using SEM and DLS method. The
particle size distribution was analyzed by a dynamic light scat-
tering (DLS) technique and was found to have an effective hy-
drodynamic radius (Ry) of 700 nm. However, the SEM images of
Poly A aggregates (Fig. 2C and D) showed that the aggregates were
found to be of various sizes from 200 to 600 nm, and most of them
were less than 500 nm. This high effective diameter is due to the
further aggregation of smaller size aggregates in solution. These
aggregates were found to be spherical. This can be explained by
the fact that negative charge of silica nanoparticles (see Fig. 2E)
encouraging Poly A, having positive charge, to get adsorbed on its
surfaces, which further facilitates the self-assembly of Poly A into
spherical nanocapsules. We have found earlier similar observa-
tions for negatively charged salt and polyamine systems (Mausl-
mani and Patra, 2014; Patra et al., 2009). In the present case cur-
cumin does not play a major role during the nanocapsules’ for-
mation which is evident from the fact that when Poly A was mixed
with curcumin and then silica nanoparticles were added to the
latter mixture, no nanocapsules were observed. At the same time
concentration of silica nanoparticles was important to determine
the size of the nanocapsules (Mauslmani and Patra, 2014). We also
decided to choose nanocapsules of this size ranges due to better
yield of nanocapsule. It should be noted that during the prepara-
tion of Poly A nanocapsules, the unreacted polymer, silica and
curcumin were washed out by centrifugation after the formation
of the nanocapsules as explained in Section 2. The self-assembly of

A

poly A polymer was further established from the change in FT-IR
spectrum. The FT-IR spectra of Poly A polymer and Poly A based
nanocapsules depicted in Fig. 3A indicate a remarkable difference
between the FT-IR spectra of the two cases. The prominent peak at
around 3422 cm~ ! of Poly A polymer was not detected for the Poly
A based nanocapsules. This peak could be due to amino group
present in Poly A, and its absence in the nanocapsule could be
explained by the expected strong interaction between silica par-
ticles and positive charge of amino group. The thermogravimetric
analysis (TGA) was used to quantify silica, Poly A and curcumin
content in the nanocapsules. TGA data of raw curcumin indicated
that the weight-loss occurs around 260 °C and continues till
550 °C. Poly A also gave a similar weight loss (Bouhadir et al.,
2012). The degradation of Poly A at lower temperature has been
related to breakdown of the thermally sensitive adenine moiety
(Bouhadir et al., 2012). Unfortunately, over all thermal degradation
of both Poly A and curcumin was found to be located in the same
temperature region. Thus, to quantify curcumin content in the
nanocapsules, spectrophotometric measurements were done for
curcumin before addition to the reaction medium and curcumin
washed out in each step. It was found that about 4% of curcumin
was present in the nanocapsules, whereas 6% of nanocapsules was
Poly A as obtained from TGA data after subtracting curcumin
content. The TGA data also confirmed substantial part, ~90%, of the
materials in the nanocapsules as silica.

The fluorescence emission spectrum of Poly A based nano-
capsules (see Fig. 3B) was centered at ~548 nm. This emission
maximum is a remarkable red-shift from 495 nm found earlier for
curcumin in the presence of silica nanoparticles; however it is
similar to one found for curcumin in poly (allyl amine
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Fig. 3. (A) The FT-IR spectra of Poly A polymer and Poly A based nanocapsules. (B) Fluorescence spectra of nanocapsules containing silica NPs, Poly A and curcumin in the
presence of various nucleobases excited at 425 nm. The concentration of the capsule and nucleobases was fixed at 1 mg/ml (inset shows rescaled spectra of nanocapsules
without guanine). (C) Relative change in fluorescence intensity of Poly A nanocapsules in the presence of nucleobases when the fluorescence intensity of Poly A nanocapsules
without nucleobase was normalized to 1. The excitation wavelength was 425 nm and the emission wavelength was 543 nm.
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hydrochloride) (PAH) based nanocapsules (Mauslmani and Patra,
2014). This signifies that curcumin is directly linked with Poly A
rather than silica nanoparticles during the nanocapsules forma-
tion. Note that in case of PAH (Mauslmani and Patra, 2014), PAH
nanocapsules were prepared using salt (dipotassium hydrogen
phosphate) over which silica and curcumin were deposited,
whereas in the present case it is rather a deposition of poly A on
the surface of silica nanoparticles. Thus, the slight variation of
spectral shift in these two different preparation modes is due to
the variation in the local environment of curcumin. Such local
environment is expected where silica nanoparticles were put over
PAH and curcumin in the case of PAH nanocapsules (Mauslmani
and Patra, 2014). On the contrary, in the present case silica NPs and
poly A initially form a complex over which curcumin was de-
posited. Thus, a strong silica-curcumin association is expected in
the case of PAH nanocapsules (Mauslmani and Patra, 2014) but a
strong interaction between curcumin and Poly A is expected in the
present case. Notably, the fluorescence intensity of curcumin de-
creased substantially in Poly A based nanocapsules (containing
poly A, silica nanoparticles and curcumin) compared to that of
curcumin-silica NPs complex. This decrease in fluorescence in-
tensity in Poly A based nanocapsules can be explained based on
the fact that during self-assembly process of nanocapsule forma-
tion curcumin molecules present within the nanocapsule are
forced to come close together, which encourages homo energy
transfer (self-quenching) among curcumin molecules, thus, re-
duces the fluorescence intensity. At the same time individual
curcumin-silica NPs are expected to be far from each other in
solution, which reduces possibility of self-quenching among cur-
cumin molecules.

Interestingly, addition of nucleobases did not change the
emission maximum of these nanocapsules appreciably except for
guanine. Herein, when guanine was added a further blue-shift of
10 nm was observed, indicating a remarkable interaction between
guanine and curcumin conjugated Poly A based nanocapsules.
Nevertheless, the change in selectivity towards guanine for fluor-
escence assessment was highly remarkable. The fluorescence in-
tensity increase (measured at around emission maximum) in the
presence of most of the other nucleobases was nominal, in the
range 20-40%, while in the presence of guanine the fluorescence
enhancement was 500% (see Fig. 3C).

The fluorescence lifetime decay profile at Adex= 405 nm and
Aem= 540 nm for poly A based nanocapsule in the absence and
presence of nucleobases in water could be best fitted with a
biexponential decay giving a short component lifetime (7;) of
~533 ps (83%) and long component lifetime (73) of 4.33 ns (17%).
However, in ultrafast femtosecond time-resolved measurement
other smaller lifetime components for curcumin have been re-
ported (Adhikari et al., 2009; Adhikary et al., 2010), which were
not resolved in our present instrumental conditions. Nevertheless,
the biexponential decay and such values are not surprising be-
cause similar lifetime values of this time scale in different solvents
for curcumin have been reported in literature (Khopde et al.,
2000). The fluorescence lifetime values of Poly A based nano-
capsules marginally increased in the presence of cytosine
[t1=558 ps (84%) and 7,=4.48 ns (16%)], thymine [7;=569 ps
(85%) and 7,=4.22ns (15%)], and adenine [7,;=598 ps (77%)
and 7,=4.79ns (23%)]. A decrease was observed for uracil
[71=480 ps (80%) and 7,=3.5 ns (20%)]. Though, the value for long
component was found to be 4.73 ns (19%) in the presence of
guanine, the short component species increased appreciably in the
presence of guanine. These variations of fluorescence lifetime of
poly A based nanocapsules in the presence of nucleobases could be
explained considering two cases: (i) interaction of the nano-
capsules with the nucleobases due to hydrophobic and other
electrostatic interactions and, (ii) association of the nanocapsules

with the nucleobases because of specific base pairings. The im-
provement in short component as well as long component lifetime
of the Poly A based nanocapsules in the presence of adenine, cy-
tosine, and guanine could be due to hydrophobic interaction be-
tween the nucleobase and Poly A nanocapsules, whereas the de-
crease in long component lifetime in the presence of thymine and
uracil is caused by specific base pair interaction between adenine
moiety present in Poly A nanocapsule and thymine/uracil. The
decrease in short component lifetime in the presence of uracil
could also be referred to the same reason whereas the increase in
short component lifetime of Poly A nanocapsules in the presence
of thymine does not rule out hydrophobic interaction along
with specific base pair interaction between thymine and Poly A
nanocapsule.

To establish the above stated facts, we measured the FT-IR
spectrum of different nucleobases and compared them with that of
mixture of poly A based nanocapsules and nucleobases. There was
no remarkable difference between the FT-IR spectra of individual
adenine or cytosine compared to those of Poly A based nano-
capsules in the presence of adenine or cytosine, especially in the
spectral region 3500-3100 cm ™! which is for -NH stretching. On
the other hand Poly A based nanocapsules showed broad promi-
nent FT-IR peaks at around 3400 cm~' and 3413 cm™! in the
presence of thymine and uracil, respectively, which were absent in
individual thymine or wuracil. Similarly, the peak at around
3200 cm~! for free thymine and 3111 cm~! for free uracil were
absent in poly A based nanocapules in the presence of thymine or
uracil. This confirms there is a strong base pair interaction be-
tween adenine moiety present in Poly A based nanocapsule and
that of uracil or thymine, which is as expected and validates our
hypothesis on change in fluorescence lifetime. At the same time, it
is also true that specific interaction between adenine moiety of
Poly A in nanocapasules and thymine/uracil does not impact re-
markably fluorescence of the curcumin conjugated Poly A based
nanocapsules. However, guanine did not show any specific inter-
action with Poly A based nanocapsules in the FT-IR spectrum.

To confirm whether adenine moiety present in Poly A had any
role in fluorescence amplification in the presence of guanine, we
prepared PAH based curcumin conjugated nanocapsules by using
PAH instead of Poly A and keeping all other experimental condi-
tions the same. Similar nanocapsules were obtained which had an
emission maximum at ~547 nm. The fluorescence intensity,
however, increased marginally 20-35% for most of the nucleo-
bases, which is in the line of results obtained for Poly A based
nanocapsules, but the fluorescence enhancement was significantly
> 265% in the presence of guanine (see Fig. 4A), which is less than
observed in the case of Poly A based nanocapsules. These results
make us suspect that the interaction between guanine and Poly A
nanocapsules is largely due to hydrophobic interaction. This is
further supported by the relatively poor solubility of guanine
compared to other nucleobases in water.

Realizing the importance of Poly A based nanocapsules for se-
lective sensing of guanine, the calibration curve for estimation of
guanine by using Poly A based nanocapsules as fluorescence sen-
sing material was tested. The fluorescence spectra of Poly A based
nanocapsules in the presence of different concentrations of gua-
nine did not show any remarkable change in emission maximum.
The corresponding fluorescence intensity alteration with guanine
concentration is plotted in Fig. 4B. As can be seen in the plot, in a
wide range of concentration from 0-7 mM, the curve shows a
linear fit. Available methods for guanine estimation work in lower
concentration range as given in Table 1. Wang et al. have reported
a linear dynamic range of 165-4957 pM for guanine estimation
using micellar electrokinetic chromatography with indirect laser-
induced fluorescence detection method (Wang et al, 2008).
However, the present method showed a wider linear dynamic
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Fig. 4. (A) Fluorescence spectra of aggregates containing silica NPs, curcumin and PAH in the presence of various nucleobases, excited at 425 nm (inset shows rescaled
spectra of aggregates without guanine). (B) Linear change in fluorescence intensity of Poly A nanocapsules with guanine concentration. The excitation wavelength was
425 nm and the emission wavelength was 526 nm. (C) Plot of concentration of (F—Fy)/Fy vs. guanine concentration for estimation of binding constant. (D) Stability of Poly A
nanocapsules compared to curcumin in buffer solution at pH 7.5. The curcumin solution contained about 8% methanol.

Table 1
Analytical methods for guanine estimation and their linear dynamic ranges.

Method/reagent Linear dynamic Limit of Reference
range (uM) detection
Chemiluminescence method using phenylglyoxal 0-100 4 nM Kai et al. (1994)
HPLC with post-column fluorescence derivatization using phenylglyoxal reagent 1-25 1pM Yonekura et al. (1994)
Liquid chromatography with fluorometric detection using 3,4-dimethoxyphenylglyoxal (DMPG) 0-0.4 1nM Ohba et al. (1994)
Electrochemical method based on graphene-ionic liquid-chitosan composite film modified glassy carbon 2.5-150 0.75uM  Niu et al. (2012)
electrode
Flow injection chemiluminescence method using hydrogen peroxide 2-600 1.9 uM Mei et al. (2005)
Electrochemical approach based on electrodeposition of a nanostructured platinum thin film on a glassy carbon  0.1-500 31 nM Chatterjee and Chen
electrode (2012)
Micellar electrokinetic chromatography with indirect laser-induced fluorescence detection 165-4957 2 M Wang et al. (2008)
Our method 300-7000 90 pM

range than the reported one. Nevertheless, the present method is
not expected to reach lowest detection limit of the methods ap-
plied in low concentration ranges as given in Table 1 due to its
applicability in higher concentration ranges.

The association constant of guanine with poly A based nano-
capsules is estimated using the following equation (Connors,
1987):

log[(l:;iﬁ’)] = log(K) + nlog[guanine]
0

where K and n are the binding constant and the number of binding
sites, respectively. F and Fy are the fluorescence intensity of Poly A
based nanocapsules at excitation wavelength 425 nm and emis-
sion wavelength 526 nm in the presence and absence of Poly A
nanocapsules, respectively. The association constant of guanine
with Poly A based nanocapsules was estimated to be
K=5.50 x 10> M~ ! and the number of binding sites n=0.93, which
is close to 1 as obtained from the graph in Fig. 4C. Since poly A
based nanocapsules are much bigger in size (hundreds of nm)
compared to size of guanine (less than nm), the possibility of more
than one guanine molecule binding to Poly A based nanocapsule
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could not be ruled out. It is also important to note that one Poly A
based nanocapsule has multiple numbers of curcumin units and
the present n values might be because of binding between guanine
and curcumin.

One of the serious concerns about fluorescence probe, espe-
cially for curcumin, has been its stability. Studies have shown that
the degradation of curcumin in aqueous solution is linked to hy-
drolysis that occurs rapidly at a pH above neutrality. HPLC data has
proven that curcumin degrades to form trans-6-(4’-hydroxy-3’-
methoxyphenyl)-2,4-dioxo-5-hexanal as the main product, which
further decomposes to vanilin, ferulic acid, and feruloyl methane
(Wang et al., 1997). In UV-visible spectral region curcumin ex-
hibited an intense absorption peak around 400-425 nm in neutral
aqueous environment. In aqueous solution, there are three pK,
values at 8.38, 9.88 and 10.51 corresponding to deprotonation of
the three hydroxyl groups of curcumin (Bernabé-Pineda et al.,
2004). It has been established that the contribution of condensa-
tion products to the total absorption signal of curcumin are rela-
tively minor, thus, decrease in the visible absorbance over time can
be used as a measurement for degradation of curcumin (Leung
et al,, 2008). Therefore, to understand the stability of the present
sensing material, the absorbance change of curcumin and Poly A
based nanocapsule was monitored at 427 nm with time in buffer
solution as depicted in Fig. 4D. The absorption maximum of cur-
cumin in buffer (7% methanol) at pH 7.5 decayed relatively quickly
in the first 5 h (30% degradation) and approximately 62% of the
original value in 50 h. On the other hand, the degradation of Poly A
based nanocapsules in buffer at pH 7.5 was just 10% in the first 5 h.
Further with time the degradation was even slower with 28%
degradation after 50 h, which confirmed that degradation of cur-
cumin could be overcome by conjugating with Poly A based na-
nocapsules for better analytical applicability, which validates ro-
bustness of present method.

4. Conclusion

Poly A in the presence of silica nanoparticles formed nano-
capsules, which could be conjugated with curcumin. The mor-
phology of these nanocapsules suggests the formation of nano-
capsules is due to self-assembly process. In comparison to curcu-
min-silica NPs complex, curcumin conjugated nanocapsules were
much more beneficial to amplify selectivity for estimation of
guanine among other nucleobases indicating Poly A plays a sig-
nificant role in such amplification. However, fluorescence intensity
of the nanocapsules was not remarkably influenced by the specific
interactions between adenine moiety of Poly A and individual
thymine/uracil present in the solution as concluded from FT-IR and
fluorescence measurements. The fluorescence intensity of the
curcumin conjugated Poly A based nanocapsules was rather highly
affected by hydrophobic interaction between guanine and nano-
capsules, which made it possible to design a biosensing method
for selective estimation of guanine among other nucleobases. This
method was applicable to a wider linear dynamic range in higher
concentration range compared to the reported methods. The in-
teraction between guanine and nanocapsules was found to be
stronger and proposed an association of multiple numbers of
curcumin units present in nanocapsules and guanine. The nano-
capsules proved to improve degradation of curcumin in aqueous
environment. In conclusion, nanotechnology based method in
combination of fluorescence probe, nanoparticles, and polymers
could be an alternative efficient method for amplifying selectivity
and sensitivity of target species as well as improving stability of
probe, which builds up further research to test combinations of
different nanoparticles such as Ag, Au, etc. along with other probe
molecules for biosensing applications.
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