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Abstract

Hydrogen peroxide (H20.) is one of the significant reactive oxygen
species (ROS) in living organisms, which is produced through
mitochondrial respiration. The aberrant generation of H.O, leads to
complex diseases. The current study is focused on the preparation of
highly effective fluorescent biopolymeric organic nanoparticles for the
detection of H,O,. The synthesized compounds are highly selective
towards H20; in presence of an enzyme horseradish peroxidase (HRP).
In-situ generation of fluorogenic polymeric NPs by enzymatic cascade
reactions recognize H>O; in blood serum. This novel approach is suitable
for the detection of elevated glucose and uric acid in blood serum in case
of diabetic and gout condition through H>O, detection. This method could
hold the place of future diagnostic tool for various complex diseases
including diabetes and gout.

Keywords: Hydrogen peroxide, enzyme, cascade reaction,
polymeric fluorescent sensor, glucose and uric acid sensing

1. Introduction

Aerobic respiration of increased biological substances
(bioanalytes) including cholesterol, lactate, choline,
glutamate, alcohol, glucose and uric acid produces a
significant amount of reactive oxygen species (ROS) that are
potent oxidizing agents in the living organisms.1'3 Hydrogen
peroxide (H;O.), known as one of the major ROS in living
body, is considered to be generated largely through
mitochondrial respiration.“'6 H,O, is a common cellular
signaling marker in a variety of biological processes while
aberrant generation of H,O, leads to oxidative stress,
inflammation in ageing, injury and neurodegenerative
diseases including Parkinson's and Alzheimer's diseases.”"
The necessity of precise detection of biological H,O; inspires
researchers to develop various sensing techniques.'™"® The
fluorometric method is one of the most applied and more
accurate sensitive methods.>"' Including fluorogenic
methods, several small molecule-based reversible sensors
were also reported earlier for the detection of H,O, [22-25].
To date, researchers aimed at various H,O, labile
functionalities i.e., benzil, benzene sulfonyl ester and
boronate ester as the chemical tool to design fluorogenic
probes for studying H,O. concentration in biological
system.>**? Early developed reaction based on fluorogenic
H,O, probes offers great merits which have few limitations
including insufficient solubility in water at physiological
conditions, long incubation periods, detection of limited bio-
analytes and low selectivity over other ROS (e.g., TBHP, OH
and OtBu). Naked eye detection of multiple bioanalytes
along with fluorogenic response at biological condition over
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narrow time range is also an advantage which needs more
exploration.

Including various fluorogenic probes, fluorescent polymeric
nanospheres also emerge considerable interest for the
development of chemosensors as well as biosensors for the
cellular signaling molecule.®®*° Most of the polymers have
been used directly for H,O, detection whereas few reports
on in-situ polymerization to recognize biological H,O,
through fluorogenic response also inscribed in the
literature.>" In-situ formation of fluorescent polymers is more
promising over externally synthesized polymer as the former
is formed in one-pot.*** Meanwhile, fluorescent polymeric
probes composed of bioactive molecules have a significant
advantage over abiotic polymeric probes due to their
biocompatibility and biodegradability.34 Unlike conventional
in-situ polymerization method, enzymatic cross-linking is one
of the leading approaches for the polymerization of
biomolecules for several applications in biotechnology.35

Numerous classes of enzymes e.g., peroxidase, proteinase
and hydrolase actively participate to form regioselective
cross-linked polymeric networks.*** Horseradish peroxidase
(HRP) is a promising redox active peroxidase enzyme that
requires H,O; to oxidize phenolic -OH containing molecules
and cross-linked through radical formation.***' Several HRP
catalyzed effective H,O, detection probes were mentioned
earlier.*® However, in-situ polymeric fluorescent probe using
biomolecules, and a single platform for multiple bioanalytes
(glucose and uric acid) detection have not been focused.
Functionalized 1,3,5-benzenetricarboxamide (BTCA) can
serve multi branches for an extended polymeric network on
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cross-linking.40 The use of aromatic carboxylic ligands such
as BTCA is advantageous and used by most of the
chemists. It has a rigid cyclic skeleton which helps to form
the multidimensional structure. In addition to, the conjugated
system of aromatic cycle also facilitates the transfer of
electron. BTCA is not considered as a fluorescent probe
because of its inadequate fluorescence response. However,
BTCA could be easily functionalized to prepare a significant
fluorescent probe, which could be used for the detection of
bio-analytes. Herein, our approach stands on the
development of tyrosine functionalized BTCA-based
monomer for the formation of fluorescent polymer on the
response of H,O, producing from different biological
sources. Enzyme-cascade is a series of enzymatic reactions
that runs parallel so, enzyme cascade allows us to detect
multiple bio-analytes in blood serum in the same platform.

2. Experimental

Synthesis of BTCA-Y-OMe (compound 1): 300 mg (1.42
mmol) of 1,3,5-benzenetricarboxylic acid was dissolved in
1.5 mL of N, N-dimethylformamide (DMF) and cooled in an
ice bath. H,N-Tyr-OMe was freshly obtained from 1.17 g
(5.08 mmol) of its corresponding ester hydrochloride. The
ester hydrochloride was dissolved in the deionized water and
the neutralization was carried out by the dropwise addition of
sodium carbonate (Na,COs;). It was extracted with ethyl
acetate and evaporated under vacuum, finally it was added
into the reaction mixture, then 972 mg (4.71 mmol) of
dicyclohexylcarbodiimide (DCC) and the activator HOBt, 578
mg (4.28 mmol) were added into the reaction mixture. The
reaction mixture was kept at room temperature and stirred
for overnight. The progress of the reaction was monitored by
the thin layer chromatography (TLC). After the completion of
the reaction, the reaction mixture was diluted with 50 mL of
ethyl acetate. The filtration was done to remove
dicyclohexylurea (DCU) from the reaction mixture. The
organic layer was washed with 1 M HCI (3x50 mL), 1 M
sodium carbonate (3x50 mL), and brine (2x50 mL), dried
over anhydrous sodium sulphate, and evaporated under
vacuum to yield white solid. Further the purification of the
compound was carried out by flash chromatography using
ethyl acetate and hexane as eluent.

Yield: 1.47 g (1.98 mmol, 91%); '"H NMR (400 MHz, DMSO-
ds): © 9.21 (s, 3H, -OH of Tyr), 9.12-9.11 (d, 2H, J = 7.08 Hz,
-NH), 8.38 (s, 3H, BTC ring -Hs), 7.09-7.07 (d, 6H, J = 8.24
Hz, Tyr ring -Hs), 6.67-6.65 (d, 6H, J = 8.24 Hz, Tyr ring -
Hs), 4.62-4.57 (m, 3H, C°H of Tyr), 3.63 (s, 9H, -OMe of
Tyr), 3.07-2.97 (m, 6H, CPH of Tyr) ppm. MS (ESI) m/z for
CagH39N3042 (M+Na)* calcd.: 764.56, found: 764.56.

Synthesis of BTCA-Y-OH (BTCA-Y): A solution of 1 g
(1.31 mmol) BTCA-Y-OMe was dissolved in 5 mL of distilled
methanol. Then, 5 mL of 1 (N) NaOH solution was added in
the reaction mixture. Then, the reaction mixture was left for
stirring upto 4h. The reaction progress of the hydrolysis was
monitored by TLC. The excess methanol was evaporated
under vaccum, when the reaction was completed. Then the
reaction mixture was diluted with 100 mL of water. The
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mixture was then transferred into a separating funnel and
washed vigorously with diethyl ether. The aqueous layer was
taken in a conical flask and cooled under ice bath. Then, the
cooled water part was acidified with the gradual addition of 1
(N) KHSO4. The pH of aqueous layer was adjusted to 2 and
the product was extracted with ethyl acetate (3x30 mL). The
ethyl acetate layer was dried over anhydrous sodium
sulphate and evaporated under reduced pressure to obtain
solid compound BTCA-Y-OH.

Yield: 0.89 g (1.28 mmol, 98%) 'H NMR (400 MHz, DMSO-
ds): © 12.72 (s, 3H, -COOH) 9.18 (s, 3H, -OH of Tyr), 8.95-
8.93 (d, 2H, J = 7.08 Hz, -NH), 8.34 (s, 3H, BTC ring -Hs),
7.11-7.09 (d, 6H, J = 8.24 Hz, Tyr ring -Hs), 6.67-6.65 (d,
6H, J = 8.24 Hz, Tyr ring -Hs), 4.59-4.54 (m, 3H, C°H of Tyr),
3.10-2.94 (m, 6H, C*H of Tyr) ppm. *C NMR (100 MHz,
DMSO-ds): & 173.57 (for -COOH), 166.12 (-CONH,) 156.31
(aromatic ring C), 134.94 (aromatic ring C), 130.42 (aromatic
ring C), 129.56 (aromatic ring C), 128.53 (aromatic ring C),
115.53 (aromatic ring C), 55.29 (C* of Tyr) and 36.02 (Cf of
Tyr) ppm. MS (ESI) m/z for CzsHsN3O14 (M+Na)* calcd.:
722.20 found: 722.20.

Synthesis of Boc-GY-OMe (compound 3): 470 mg (2.68
mmol) Boc-G-OH (compound 2) was taken in a 100 mL
round bottom flask and it was then allowed to cool on ice
bath. Then 608 mg (2.95 mmol) DCC was added to the
stirring solution of Boc-G-OH. The H;N-Y-OMe was
extracted from the 1.025 g (4.02 mmol) of hydrochloride salt
of tyrosine methyl ester and then added to the mixture
followed by the addition of 362 mg (2.68 mmol) HOBt to the
mixture. The procedure used to synthesize BTCA-Y-OMe
was used to synthesize and purify Boc-GY-OMe.

Yield: 0.88 g (2.5 mmol, 93%), 'H NMR (400 MHz, DMSO-
dg): 0 9.27 (s, 1H, -OH of Tyr), 8.15-8.14 (d, 1H, J = 8 Hz, -
NH), 7.03-7.01 (d, 2H, J = 8 Hz, ring -Hs of Tyr), 6.97-6.95
(m, 1H, -NH), 6.71-6.69 (d, 2H, J = 8 Hz, ring -Hs of Tyr),
4.48-4.43 (m, 1H, C°Hs of Tyr), 3.64 (s, 3H, -OMe), 3.58-
3.56 (m, 2H, Gly -CH,), 2.95-2.82 (m, 2H, C*Hs of Tyr), 1.43
(s, 9H, -Boc group) ppm.

Synthesis of H.N-GY-OMe (compound 4): 0.8 g (2.27
mmol) of the Boc-GY-OMe was dissolved in trifluoroacetic
(TFA) acid and kept for 3h under N, atmosphere. After
completion of the reaction excess TFA was evaporated to
dryness and the gummy solid was washed with cold ether to
get white solid product. Then the ether layer was removed
and the obtained solid was dried under vacuum.

Yield 0.55 g (2.2 mmol, 97%) 'H NMR (400 MHz, DMSO-ds):
5 8.83-8.82 (d, 1H, J = 4 Hz, -NH), 8.03 (s, 2H, -NHy), 7.01-
6.99 (d, 2H, J = 8 Hz, ring -Hs of Tyr), 6.69-6.67 (d, 2H, J=8
Hz, ring -Hs of Tyr), 4.50-4.46 (m, 1H, C“Hs of Tyr), 3.62 (s,
3H, -OMe), 3.58-3.55 (m, 2H, Gly -CH,), 2.96-2.78 (m, 2H,
CPHs of Tyr) ppm.

Synthesis of BTCA-GY-OMe (compound 5): 139 mg (0.66
mmol) of 1,3,5-benzenetricarboxylic acid was taken in a 50
mL RB. It was dissolved in 15 mL of N, N-
dimethylformamide (DMF). It was placed in an ice bath. 500
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mg (1.98 mmol) of H,N-GY-OMe was directly added to the
reaction mixture, followed by the addition of 310 mg (2
mmol) of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC) and 270 mg (2 mmol) of HOBt. The procedure used
to synthesize BTCA-Y-OMe was used to synthesize and
purify BTCA-GY-OMe.

Yield: 0.531 g (0.61 mmol, 92%), 'H NMR (400 MHz, DMSO-
ds): © 9.08 (s, 3H, -OH of Tyr), 8.71 (s, 3H, -NH), 8.64 (s, 3H,
Hs of BTC ring), 8.44-8.40 (m, 3H, -NH), 7.04-7.03 (d, 2H, J
= 6.6 Hz, aromatic Hs of Tyr), 6.70-6.68 (d, 2H, J = 6.4 Hz,
aromatic Hs of Tyr), 4.49-4.40 (m, 3H, C“Hs of Tyr), 3.97-
3.93 (m, 6H, -CH; of Gly), 3.64 (s, 9H, -OCHg), 2.98-2.77 (m,
6H, CPHs of Tyr) ppm.

Synthesis of BTCA-GY-OH (BTCA-GY): This compound
was synthesized following the similar procedure as
described earlier.

Yield: 286 mg (0.32 mmol, 96%); 'H NMR (400 MHz, DMSO-
ds): © 9.33 (s, 3H, -OH of Tyr), 9.26 (s, 2H, -NH), 8.10 (s, 3H,
BTC ring Hs), 7.87-7.82 (d, 3H, J = 16 Hz, -NH), 6.98-6.96
(d, 6H, J = 8 Hz, Tyr ring Hs), 6.70-6.68 (d, 6H, J = 8 Hz, Tyr
ring Hs), 3.99 (s, 6H, -CH, of Gly), 3.61-3.54 (m, 3H, C°H of
Tyr), 3.02-2.73 (m, 6H, CPHs of Tyr) ppm. *C NMR (100
MHz, DMSO-ds): & 173.39 (-COOH), 172.50 (-CONH,),
169.27 (-CONH;), 166.66 (aromatic ring C), 156.54
(aromatic ring C), 132.12 (aromatic ring C), 130.52 (aromatic
ring C), 127.47 (aromatic ring C), 115.58 (aromatic ring C),
60.25 (C* of Tyr), 52.29 (C* of Gly) and 21.26 (CP of Tyr).
MS (ESI) m/z for CagHagN3O12 (M)" caled.: 870.2, found:
870.2.
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Scheme 1. (a) Schematic representation of HRP/H,O, mediated
Cross- couplmg of BTCA-Y and formation of fluorescent tyrosine
crosslinked polymeric network. (b) Overall cascade reaction
pathways for glucose/uric acid with enzyme GOx and uricase
respectively.

3. Results and discussion

To implement the hypothesis, two L-tyrosine functionalized
discotic compounds were synthesized (BTCA-Y and BTCA-
GY). The purity of compounds was checked by HPLC
chromatograms (Figure S1). An amino acid residue Tyr (Y)
and a dipeptide Gly-Tyr (GY) appended BTCA amphiphiles
exhibit enhanced solubility in water. The tyrosine moiety
cross-linked to each other in presence of H,O, to form
crosslinked polymeric networks (Scheme 1) [42]. An enzyme
HRP catalyzed reactions were performed using buffer
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solution at different pHs (pH = 6, 6.5, 7, 8 and 9) to get better
results (Figure S2).

Emission spectra were recorded (Aex = 290 nm) for the
reaction mixtures at mentioned pHs and excellent sensing
ability was obtained using 10 mM phosphate buffer solution
of pH 6.5. Initially, BTCA-Y and BTCA-GY were dissolved in
PB buffer solution with 3.5 U/mL HRP (Figure S3), and then
gradually H,O, was added (from 0 to 100 pM) to reach the
equilibrium (Figure 1). The fluorescence intensity at 410 nm
plot against different concentrations of H,O, shows first rapid
increase and then saturation to linearity on addition of 50 yM
of H,O; solution. The inset plot of Figure 1b with the initial
concentration of H,O; (0 to 40 uM) fits to the linearity with R?
value of 0.9935 (Figure 1b) which shows the characteristic
feature of the enzymatic kinetics. The whole reaction was
completed within a very short time (7 min) (Figure S3). The
limit of detection (LOD) value of H,O; is calculated as 0.38
UM using the method (LOD = 3 x o/m, o represents standard
deviation of the response at the minimum tested
concentration where m represents the slope of the
concentration-dependent curve, here o = 0.09671, m =
0.74963) reported by Li et al [1]. Few of best the reported
H>O, detection probe reported earlier are tabulated and the
LOD value is comparable to the best organic fluorescent
probes reported by Liu et al (Table 1) [43]. On cross-linking
of tyrosine moieties, both BTCA-Y and BTCA-GY form
polymeric nanospheres. BTCA-Y exhibits emission maxima
at 410 nm whereas BTCA-GY shows emission maxima at
416 nm upon polymerization (Aex = 290 nm). While
comparing the increment of emission intensities; BTCA-Y
dominates over BTCA-GY by ~2 times (Figure S4). Hence,
to simplify this work, only BTCA-Y was taken under
consideration for the detection of bio-analytes.
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Figure 1. (a) Emission spectra of BTCA-Y solution at a
concentration of 30 uM in presence of 0-40 uM of H,O,. (b)
Fluorescence intensity vs concentration of H,O, (0-100 uM) plot
and inset shows linear fitting curve. (c) Response of BTCA-Y at a
concentration of 30 yM to various ROS species and emission
intensities at 410 nm. (d) TEM image of formed polymeric
nanospheres after HRP at a concentration of 3.5 U/mL mediated
crosslinking. Aex = 290 Nnm, Aem = 410 nm; 7 min was fixed as
reaction time in all the cases.
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As HRP is highly selective towards the tyrosine moieties,
[44] so, it was assumed that tyrosine moieties would be
selectively cross-linked to each other by the assistance of
H,O, respective to other ROSs (TBHP, OtBu, OH) (Figure
1c). The sensitivities of BTCA-Y towards other ROSs were
checked by using TBHP, OtBu, OH at pH 6.5 in PB solution.
However, BTCA-Y was responded by only H,O,. As BTCA-Y
promises much significant emission intensity over BTCA-GY,
so, further studies were performed only with BTCA-Y.
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Figure 2. (a) Fluorescence spectra of GOx/HRP cascade system
with various concentration of glucose (0 to 40 zmol mL™") and (b)
fitting curve of the fluorescence response towards various
concentration of glucose. (c) Represents the fluorescence
spectra of UOX/HRP cascade system with uric acid of 0 to 40
umol mL™ and (d) fitting curve of the fluorescence response
towards various concentrations of uric acid. Aex = 290 nm, Ae, =
410 nm; 7 min was fixed as reaction time in all the cases.

Table 1. Earlier reports on the detection of H,O,
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6 PEG-QDs 0.5 uM In vivo [47]
based imaging of
chemiluminesc H.0,
ence

7 Cationic 5 uM Detection of | [48]
conjugated glucose
polymers

S. Developed LOD Purposes Referen
No | system value in ces
terms of
H.0,

1 Amino acid 0.38 uM Multianalyte | Current
functionalized detectionin | work
enzymatic blood
polymeric probe serum

2 TPE-BO 0.52 uM Detection of | [45]
fluorogenic H,03 in
probe living cell

3 Polymeric 0.76 uM Glucose [29]
nanoprobe detection
based on ARS-

FPBA

4 TPE-tyrosine 0.35 uM Quantitative | [35]

based polymer analysis of
probe human
CEA
5 Self-assembled | 0.95 uM Detection of | [46]
polymeric mitochondri
nanoprobes al H,Oz in
living cells

TPE-BO = 1,2-diphenyl-1,2-bis[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyllethane; ARS-FPBA = alizarin red S-(4-
carboxy-3-fluorophenylboronic acid); TPE-tyrosine =
tetraphenylethylene-tyrosine; PEG-QDs = polyethyleneglycol-
quantum dots.

The hydrodynamic radius of the formed polymeric
nanospheres [49,50] upon enzymatic cross-linking was
studied through DLS experiments. The DLS spectrum was
acquired at pH 6.5 and the nanosphere formed with the
diameter of 1062 nm was observed from DLS (Figure S5).
To visualize the surface morphology of the crosslinked
polymers, transmission electron microscopy was performed.
Polymeric nanospheres were observed having an average
diameter of 100 nm for BTCA-Y cross-linked polymer (Figure
1d, Figure S5). The BTCA-Y has shown very high selectivity
towards H,O, and it was chosen further for the detection of
H.O, generated upon oxidation of biological substances.

Development of Cascade System

To develop cascade system, 3.5 U/mL of glucose oxidase
(GOx) and 4 U/mL of uricase were used in HRP mediated
BTCA-Y solution at pH 6.5 (Figure S6). Cascade systems
were developed in the mixture of 30 uM BTCA-Y solutions
with HRP. Later GOx or uricase was added individually to
the solution. Glucose or uric acid concentrations were varied
from 0 to 150 umol mL” (Figure S6). In case of HRP/GOx
cascade system, fluorescence intensity at 410 nm is
observed with 23 fold increments whereas the increase in
fluorescence intensity for HRP/uricase system is about 20
fold at 410 nm. Gradual increase in fluorescence intensity at
the initial condition and reached to equilibrium at higher
concentration of bioanalytes is observed for the cascade
systems (Figure 2, Figure S6). Bio-analytes (glucose or uric
acid) act as a source of H,O, in presence of their
corresponding oxidases, which initiate the cross-coupling of
tyrosine [51] of BTCA-Y in presence of HRP.

H2O, produced by oxidase/HRP cascade reaction [52] in
presence of biological species (i.e., glucose or uric acid) was
detected precisely using fluorogenic technique (Figure 3 and
Figure S6). The response of bioanalytes was verified by
performing several control experiments (Figure 3b). Initially,
BTCA-Y solution was prepared without HRP in presence of
GOx/glucose. However, the composite didn't respond in
fluorescence. Later HRP mediated BTCA-Y was tested with
GOx/glucose and positive response was obtained. Other two
HRP mediated systems containing only glucose or only GOx
didn’t respond (Figure 3b). HRP/BTCA-Y hybrid solution in
presence of both GOx and glucose responded significantly
using fluorogenic techniques and showed optical response
under UV light. The H,O, produced by GOx/glucose hybrid
oxidizes the phenolic —OH present in BTCA-Y to form cross-
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linked fluorescent polymeric  aggregtes.  Similarly,
fluorescence response was also obtained using uricase/uric
acid hybrid system. The BTCA-Y responds to HRP when the
analytes coupled with their corresponding oxidase enzymes
e.g. uric acid produces H,O, in presence of uricase and
glucose produces H;0, in presence of GOx (Figure 3b and
Figure S7).

Cascade-1
(@) \r,
Ho/\qjo H,0, \(s( BTCA-Y
HOW “/OH
OH
GOx HRP

Fluorescence

O 4OH
Ho response
HO™ “oH 0, H,0

OH
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HRP 1 0 0 1 1 0 1

o
=
o
=
o
=
=

Input
Glu 0 O

Optical
Response

Figure 3. (a) Overall enzymatic cascade reaction pathways
using HRP/GOx in presence of glucose (Glu) and formation of
fluorescent dityrosine crosslinked polymer are shown. (b)
Combination of enzyme (HRP) and Input (GOx and Glu) used for
cascade reaction. Boolean number “1”, “0” represent presence
and absence of HRP, input (GOx and Glu) and output as optical
response respectively under UV light (365 nm).
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Figure 4. (a) Showing collection of healthy human blood. Blood
serum gets separated after centrifugation and serum was
collected for the study. (b) shows increased fluorescence
intensity at 410 nm with healthy human blood serum (hhBS),
diabetic human blood serum (dhBS) with increase in glucose
concentration and (c) represents fluorescence spectra of healthy
human blood serum (hBS) which detects the uric acid containing
blood serum. Reaction time was fixed as 7 min for all the
experiments.
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Glucose and uric acid detection from blood serum

For potential application in clinical diagnosis, healthy human
blood was collected. Previously, diluted blood serum was
analyzed to detect the glucose level using ultra-small Pt
nanocluster [53]. In this work, we have directly used the
isolated blood serum. The healthy human blood serum
(hhBS) was isolated using centrifugation technique (Figure
4). Healthy human (male) blood contains 5-6 umol mL" of
glucose in fasting condition and on diabetic condition the
level increases to 9-10 pumol mL” [54]. Whereas, uric acid
level for healthy human (male) is about 0.16 umol mL"t0 0.5
umol mL" [55]. We first tested with pure blood serum and
significant response from the developed system was found
for both the cases. The observed results are comparable
with the amount 4+0.15 pmol mL" of glucose and 0.5+0.3
umol mL" of uric acid. Further, we have tested with the
elevated analyte level in blood serum. The elevated amount
of glucose (10 pmol mL'1) in blood serum was also detected
at different concentrations. Further, we were motivated to
utilize the developed system in direct detection of diabetic
blood sugar level. We have collected the diabetic human
blood serum (dhBS) and checked the sugar level by
colorimetric method (Figure S9). The sugar concentration
was calculated as 206 mg/dL (~11.6 pmol mL'1). Here, our
developed method was employed for the detection of sugar
concentration, which is calculated as 201+0.2 mg/dL (~11.2
pmol mL'1) from comparative fluorescence intensity. Both the
obtained data from colorimetric method (Figure S8) and our
developed method is close to each other. Therefore, the
hybrid BTCA-Y/HRP could be used to detect the glucose
and uric acid level precisely which can be assessed using
fluorescence and optical response method under UV light (A
= 365 nm) with blue light emission.

4. Conclusions

In summary, we have developed an effective bio-molecule
based fluorogenic probe for the detection of H,O, generated
by bio-analytes (i.e. glucose and uric acid), which are
present in blood serum. The cascade reactions based on
polymeric nanospheres (diameter of 100 nm) detect various
bio-analytes in single platform with a very short time frame (7
minutes) by the detection of in-situ produced H;O,. The
developed method is very suitable for the diagnosis of
glucose (4+0.15 umol mL'1) and uric acid (0.5+0.3 umol mL"
1) from healthy human blood serum. So the higher amount of
glucose (5 umol mL™, 11.2 pmol mL™") was detected very
easily. Therefore, the developed system is found very
efficient for the diagnosis of higher amount of glucose and
uric acid level. We have used our system to analyze the
diabetic blood serum. We have calculated the sugar level as
~ 201 mg/dL which is very similar to the colorimetrically
estimated glucose value (206 mg/dL). Therefore, this
method is very efficient for the diagnosis the issues caused
by the diseases associated with gouts and diabetic
conditions. We believe that this approach will hold a place in
biochemical study as fluorogenic polymeric probe in near
future.
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