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ARTICLE INFO ABSTRACT

Keywords: Uncapped and Glutathione capped Cupric oxide nanospheres were synthesized by the interaction of Berberis
CuO nanoparticle lycium (B) root extract with corresponding salt solution. CuO nanospheres were best optimized by mixing 2% Bl
Biosensor extract solution with 1 mM CuSO45H,0 (pH 11, 90 °C) Reduced glutathione (0.25mM) in solution form was
Peroxidase mimics added in respective emulsion after 24 h. Synthesis of nanospheres was ensured by distinct surface plasmonic
giiziﬁzii resonance peaks shown by CuO (370-420 nm). Addition of glutathione resulted in sharp blue shift and lowered

absorbance values in UV spectra suggesting the decrease in nanoparticles’ size and concentration. Average
particle sizes as deduced with XRD were found to be 18.52 and 16.57 nm for CuO and GSH-CuO nanospheres
respectively. Additive based stability assessment of synthesized nanospheres revealed CuO and GSH-CuO na-
nospheres to be highly stable in the presence of Catechin hydrate among various tested chemical compounds
while ascorbic acid appeared as a strong destabilizing agent. TMB was oxidized by H,O, in the presence of
synthesized enzymes likewise horseradish peroxidase; though exhibited moderate results. Glutathione stabilized
cupric oxide nanospheres exhibited the potential to be modulated further into efficient nanozymes as these
showed better affinity towards chromogenic substrate TMB (K, value 0.32 mM) and better catalytic efficiency
0.075mM ~*s™hH compared to uncapped CuO nanomimetics (1.6 mM, 0.033 mM™'s™1). All of the tested ad-

ditives served as inhibitors to the peroxidase mimicking potential of CuO and GSH-CuO nanozymes.

1. Introduction

Phytonanotechnology is getting an edge over usual physiochemical
approaches because of ease of manipulation, cost effectiveness and
environmentally benign nature. Biomolecular profile of plants has a
significant impact on their metal ion reducing capability. Various ef-
fective biomolecules which are involved in the process include proteins,
amino acids, alkaloids, polysaccharides and chelating agents etc. Metal
ions after binding with plant metabolites and stabilizing agents get
reduced to atoms which on interacting with similar complexes result in
the formation of metal nanoparticles [1].

Copper oxide nanoparticles have been prepared by various methods
(chemical, physical, biological) and found valuable in numerous ap-
plications as reported in existing literature. For instance, CuO synthe-
sized from plant sources have been reported as potent antimicrobials
[2], highly cytotoxic against tested cancer cell lines [3] as well as cost-
effective dye-degraders as observed in case methylene blue [4]. The

catalytic potential of biologically synthesized CuO nanoparticles and
their composites is also well-established in literature [5-7]. Various
biomolecules such as nucleic acid, oligonucleotides, peptides and an-
tibodies have been used for capping of novel metal nanoparticles in
order to impart these improved characteristics such as enhanced sta-
bility or functionality [8]. Among such modulators, Glutathione; a
naturally occurring tripeptide biomolecule has been utilized for cap-
ping of various nanoparticles with successful outcomes [9]. Since me-
tals exhibit high affinity for thiol group, the functionalization of na-
noparticles by glutathione has proven to be beneficial in case of
metallic and bimetallic nanoparticles’ formulation [10].

Nanozymes have demonstrated individuality in terms of their in-
creased stability, robustness, reusability, cost effectiveness, integrated
multi-functions besides catalysis, large surface area for further mod-
ification and better response to external stimuli [11]. Given a huge
spectrum of applications offered by natural peroxidases, peroxidase
mimicking nanozymes have gained much importance since natural
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peroxidases suffer from the problematic issues of purification and iso-
lation steps resulting in their denaturation [12]. The utilization of
Horseradish peroxidase in H,O, bio-sensing has long been established
given the enzyme’s ability to oxidize number of substrates in the pre-
sence of H,0,. Usually, HRP is immobilized over a suitable mediator
which enables efficient electron transfer between HRP and the substrate
in a more effective manner. This increases the sensitivity of the bio-
sensor while lowering the detection limit to a much greater extent [13].
In present era, researchers are focusing their attention towards the
formulation of nanomaterials which could mimic HRP in best possible
manner and could come forward as efficient Nano-biosensors. Wide
range of POx mimicking nanozymes have been synthesized and tested
for their sensing potentialities for H>O, and other biomolecules
[14-16]. Until now, majority of the work regarding peroxidase mi-
micking Nano biosensors is based upon chemically synthesized nanos-
tructures [17-19].

However, given the utilization of chemicals as reducing agents,
these methods may lead to the primary issues of environmental toxicity
and greater expense. Thus in order to overcome such problematic is-
sues, CuO nanoparticles were synthesized using Berberis lycium root
extract under optimum conditions. Bl roots were used as reducing agent
due to the established medicinal importance of the plant for treatment
of various disorders and this immense usefulness of Bl roots is attrib-
uted to its rich phyto-chemical profile [20]. Both capped and uncapped
CuO nanostructures were then characterized and subjected to stability
test in the presence of selective bio-medically significant compounds
followed by Steady-State Kinetic assays. This would help in determining
the intrinsic peroxidase potential of synthesized nanostructures as a
potential Nano-biosensor alternative to existing options.

2. Material and methods
2.1. Sample collection

Fresh roots of Berberis lycium Royle were collected from its natural
habitat (Northern areas of Pakistan). The roots were thoroughly wa-
shed, shade-dried and then ground into fine powder for preparation of
aqueous extract as reported in our previous study with minor mod-
ifications [21].

2.2. Synthesis and functionalization of copper oxide nanoparticles

Equal volumes of 1 mM CuSO45H,0 and 2% Berberis lycium root
extract prepared separately in double distilled water were combined
and pre-warmed up to moderate temperature before mixing together
(pH = 11). The solution was shaken vigorously for 1 h and then kept
under incubation at 90 °C = 2 for 72h. The darkening of solution in-
dicated the presence of dark brown CuO nanoparticles in the form of
precipitates. The solution was centrifuged (15min, 3500 rpm) and
washed at least twice with ddH,O for complete removal of impurities.
The supernatant was discarded while the remaining pellets were air-
dried and stored in the form of fine particles. The performed protocol
was in unison with that reported by [22] with certain required mod-
ifications. For capping of CuO NPs, different concentrations of glu-
tathione and incubation time/temperature with the selected salt solu-
tion were optimized. After optimization, the nanoparticle emulsion was
interacted with 0.25 mM GSH concentration (pH = 11, temp = 90 °C)
under vigorous stirring for 30 min following incubation of emulsion for
another 24 h.

2.3. Characterization of CuO/GSH-CuO nanoparticles

The UV-vis spectra of the emulsions was monitored with the help of
Shimadzu U.V 1602. Biotechnology medical services (BMS) within the
range of 300-700 nm with resolution of 1 nm and scanning speed of
300 nm/min. FTIR analysis of manufactured nanoparticles and crude
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plant extract was performed via

Shimadzu FTIR 8400. The equipment used for X-Ray diffraction
analysis was X-ert Pro (Banalytical) analytical X-Ray diffractometer
[40kV, 30 mA]. For visualization of surface topography and determi-
nation of individual sizes of prepared nanoparticles, samples were
subjected to Scanning Electron Microscope using Ion Sputtering Device
JFC-1500 [5,000-50,000X, 10-20 kV].

2.4. Stability assessment of CuO/GSH-CuO nanoparticles

Both types of prepared nanoparticles were evaluated for their sta-
bility in the presence of biologically significant compounds i.e. EDTA-
disodium, Ascorbic acid, Catechin hydrate, Phenol, Mercuric chloride
and Lead nitrate. 0.5 mM of each compound was added individually in
the prepared nanoparticles’ emulsions (incubated at 90 °C) and the ef-
fects of their incorporation were monitored by observing UV-vis ab-
sorbance spectra at intervals of 1, 6 and 24h time period.
Nanoparticles’ stability was evaluated with the help of UV-vis absor-
bance peak intensities (%) determined by comparison of control and
modulated samples [23].

2.5. Enzgyme kinetics of CuO/GSH-CuO nanoparticles

Steady State Kinetics of CuO/GSH-CuO nanoparticles were studied
by preparing reaction mixtures with 1700 pl of Phosphate Buffer Saline
(0.1M, pH 5), 100l of CuO/GSH-CuO NPs (100 ug/ml prepared in
PBS) and varying concentrations of TMB (0.5, 1, 1.5, 2, 2.5, 3, 3.5,
4 mM) with fixed H,O, concentration i.e. 100 mM Absorbance data was
collected at 652nm with 30s gap for 4min. Initial velocities (V) in
uMol/min were then calculated by substituting absorbance data into
Beer-Lambert law, and plotted as a function of substrate concentrations
in Michaelis-Menten curve in order to determine V., (maximum initial
velocity obtained at specific substrate concentration) and K, (the
substrate concentration at which V., is half of its value) using
Lineweaver Burk Plot [24]. Steady-State Kinetics was studied for
commercial HRP in order to compare the binding affinities of natural
enzyme and synthesized nanoparticles. The catalytic efficiency was also
calculated for each enzymatic entity in order to determine the overall
capability of a catalyst to convert substrate into product.

2.6. Evaluation of enhancers/inhibitors’ effect on POx activity of native
HRP and CuO/GSH-CuO nanoparticles

The aforementioned chemical compounds utilized for stability as-
sessment of synthesized nanoparticles were also tested for their influ-
ence upon catalytic efficacy of prepared nanoparticles [25]. Known
concentration of each compound was added into the solution con-
taining 10 ul of HRP/CuO/GSH-CuO NP, TMB (2 mM), H,0, (100 mM)
and 1700l of PBS (0.1 M, pH 5). The effect of all additives on the
oxidation rate of TMB by each catalytic entity was monitored by means
of plotting absorbance vs time graph by measuring absorbance after
every 30s for 4 min.

3. Results
3.1. Identification and characterization of nanoparticles

The reduction of salt precursor i.e. CuSO4.5H50 into CuO nanos-
tructures was visually observed through color change of reaction mix-
ture during ionic to atomic state conversion. UV-vis Spectrophotometry
was performed in order to analyze the position of SPR peak at specific
wavelength characteristic to CuO nanospheres. The absorbance spectra
was monitored under the 300-700 nm range since CuO nanoparticles
exhibited maximum UV-absorbance between 370-425 nm wavelengths
depending upon varying pH (7, 9, 11) and precursor salt concentrations
(0.5, 1, 2 mM). Since the maximum absorbance of SPR peak (at 425 nm)
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Fig. 1. Absorbance spectra of CuO NPs at pH 11 with varying CuSO4.5H,0
concentrations (a) followed by their capped and uncapped synthesis (b).

was noted at pH 11 and 1 mM CuSO,4.5H,0 concentration, the afore-
mentioned conditions were selected for subsequent synthesis of CuO
nanoparticles (Fig. 1a). Upon the addition of reduced glutathione to
encapsulate synthesized CuO nanoparticles, the absorption spectrum
showed notable decrease in absorbance along with the blue shifting of
peak from 425 to 385 nm under similar conditions (Fig. 1b). The dif-
ference in two absorbance spectra was mainly due to the attachment of
glutathione with nanoparticles causing a shift in SPR of CuO nano-
particles.

FTIR analysis of original and modified CuO nanoparticles was per-
formed and compared with that of Berberis lycium root extract in order
to validate the involvement of various phyto-constituents in nano-
particles’ formulation (Fig. 2). The spectral bands at 1560.46 cm ™!
(N—H bend of secondary amine), 1654.9 cm ™! (C=C stretch of viny-
ledene compound), 2852.81 cm ™! (C-H, O—H and N—H stretch of al-
kane, alcohol and amine salt respectively) and 2225.93 cm? (C=N
stretch of nitrile) found in curve A of Bl extract were completely utilized
in curve B signifying IR spectrum of CuO nanoparticles. The strong
bands at 707.90 cm ~! (C=C bend of alkene), 947.08 cm ~!(O—H bend
of carboxylic acids), 1465.95 cm~ Y(C-H bend of alkane) and
1741.78 cm™ (C=O0 stretch of ester) found in curve B (CuO NPs) were
completely utilized in curve C (GSH-CuO NPs). Several others bands
found in plant extract showed shifting and change in peak intensities of
GSH-capped and uncapped nanoparticles. XRD analysis of prepared
structures i.e. CuO and GSH-CuO nanospheres exhibited diffraction
peaks which were confirmatory to a monoclinic crystalline structure.
The most prominent peaks were observed around 26 values between
35°- 40° with minute deviation in case of uncapped and GSH-capped
structure (Fig. 3a, b). The average crystallite sizes determined with the
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help of Debye-Sherrer’s equation were found as 18.52 nm and 16.57 nm
for CuO and GSH-CuO NPs respectively. The dislocation density cal-
culated as [26] was found equal to 29.15 X 10~* (nm)~2 and
36.42 x 10~ * (nm) ~2 for CuO and GSH-CuO nanospheres respectively.

The typical SEM imagery of CuO and GSH-CuO NPs can be seen in
Fig. 4(a, b). Scanning electron microscope revealed nanoparticles to be
spherical particles with rather rough surface topography. In unison to
the crystallite size obtained by XRD, the minimum particle size ob-
served for GSH-CuO NPs was found relatively smaller than that of un-
modified CuO NPs i.e. 20 nm for GSH-CuO and 24 nm in case of CuO
nanospheres.

3.2. Influence of various additives on CuO and GSH-CuO nanoparticles’
stability

The stability of original and glutathione capped CuO nanospheres
was evaluated in the presence of various additives i.e. HgCl,, Phenol,
EDTA, Catechin hydrate, Pb (NO3), and Ascorbic acid owing to their
biomedical significance. Aforementioned additives when interacted
with synthesized nanoparticles, resulted in absorbance changes and
wavelength shifts of UV-vis spectra of control samples. Absorbance
peak retention in the presence of each additive was calculated from the
following formula:

Peak retention (%) = (Peak absorbance of tested sample/ Peak absor-
bance of control) x 100 2)

Among various compounds, Catechin hydrate revealed best com-
patibility with synthesis of CuO/GSH-CuO nanostructures, in the pre-
sence of which absorbance peaks were found increased than their
control counterparts. On the other hand, Ascorbic acid was found as
least compatible to the synthesized nanoparticles among various ad-
ditives that were examined (Table 1). Stability assessment of synthe-
sized nanostructures in the presence of tested chemicals showed fol-
lowing trend in terms of highest to lowest compatibility levels in case of
CuO (3) and GSH-CuO (4) nanospheres.

Catechin  hydrate > Phenol > HgCl, > EDTA > Pb  (NOgyy >
Ascorbic acid 3)
Catechin  hydrate > HgCl, > Phenol > Pb  (NOj3), > EDTA >
Ascorbic acid (€©))

3.3. Steady state kinetics of HRP and synthesized CuO/GSH-CuO
nanospheres

The reaction mixtures containing phosphate buffer saline (0.1 M,
pH: 4.5), H,O,, TMB and natural/synthetic enzymatic entity were
prepared at room temperature and the kinetics were studied at 652 nm
using UV-vis spectroscopy relative to oxidized TMB which leads to the
rapid change in color of reaction mixture from transparent to bright
blue (Fig. Al). The concentration of catalytic entity was opted after
observing the intensity of color change of reaction mixture. This re-
quired the use of twice the concentration of enzyme mimicking nano-
particles compared to HRP concentration used in reaction.

In order to determine the peroxidase mimicking efficiency of syn-
thesized CuO and GSH CuO NPs, both types were subjected to steady
state kinetics in order to analyze their binding affinity for the perox-
idase substrate i.e. TMB. The Michaelis Menten curves and Lineweaver
Burk Plots obtained for both types of NPs can be observed in Figs. A2
and A3. The K, and V., values were obtained for each sample and
compared with that obtained for commercial HRP. Table 2 highlights
the K, and V.« values obtained for HRP, CuO and GSH-CuO through
steady state kinetics assay. Among all catalytic entities under study, the
K., value was found minimum in case of Glutathione capped CuO na-
nospheres (100 pg/ml). Different concentrations of native horseradish
peroxidase (50pg/ml) and peroxidase mimetics (100 pg/ml) were
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Fig. 3. (a, b): XRD pattern of uncapped (sample 1) and capped CuO nano-
spheres (sample 2).

utilized for proceeding the TMB-H,0, reaction given the indiscernible
oxidation capability shown by CuO and GSH-CuO enzyme mimics at
lower concentration. Catalytic efficiency of HRP was found highest
whereby among the uncapped and capped CuO nanospheres, increased
catalytic efficiency was calculated in case of GSH-capped CuO nano-
spheres (Table 2).

3.4. Influence of additives on POx activity of native HRP, CuO and GSH-
CuO nanospheres

In order to determine the enhancing or inhibiting effect of already
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Fig. 4. (a, b): SEM imagery of (a) uncapped CuO nanospheres and (b) GSH-CuO
nanospheres.

stated bio-medically important chemical compounds upon the POx
activity of natural enzyme and enzyme mimetics, only those com-
pounds were selected in the presence of which formulated nano-
particles were found relatively stable i.e. Catechin hydrate, Phenol,
HgCl, and Pb(NOs),. Fig. 5(a—c) illustrates the time-dependent absor-
bance spectra of HRP and CuO/GSH-CuO nanospheres in the presence
of selected compounds. TMB oxidation rate in case of HRP was found
increased in the presence of lead nitrate compared to that of standard
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Table 1
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Additive based stability assessment observed for CuO/GSH-CuO nanospheres.

No. Chemical Peak retention %

Compound

CuO GSH-CuO CuO GSH-CuO CuO GSH-CuO
1 hour 6 hours 24 hours
Incubation
time

1. Mercuric 969 923 96 .8 92.8 99.1 925

chloride
2. Catechin hydrate 101 105 101 105.7 104 105.5
3. Phenol 95.08 943 949 106.6 993 98
4. Lead nitrate 102.5 549 994 29.1 822 46.5
5. Ascorbic acid 48.65 36 469 36 42 36
6. EDTA 62.64 70 61 66.98 65.6 61.1

reaction mixture. Although HgCl,, Catechin hydrate and Phenol led to
the reduction in TMB oxidation rate however, HgCl, exhibited max-
imum quenching effect upon the reaction in case of CuO and GSH-CuO
nanozymes. Meanwhile, reaction system utilizing CuO nanospheres as
enzyme mimic showed least quenching effect by Phenol whereas in case
of GSH capped CuO nanospheres, Catechin hydrate was found most
compatible with the TMB oxidation reaction. Overall, all the tested
additives appeared to act potentially as inhibitors to the enzymatic
activity of synthesized nanozymes.

4. Discussion
4.1. Nanoparticle characterization by UV-vis spectroscopy

Copper oxide nanoparticles, in the current study, exhibited promi-
nent UV-absorbance peak within 380-420nm wavelength range
(Fig. 1). The results obtained revealed that at both the concentrations of
CuS0,4.5H,0 i.e. 0.5 and 1 mM, greater concentration of larger sized
nanoparticles was obtained at higher pH values i.e. 9 and 11 while
relatively smaller nanoparticles in lower concentration were formed at
pH 7. It has been established in previous literature that blue shift in
peak wavelength occurs due to small sized nanoparticles while red shift
of absorption spectrum marks the presence of larger nanoparticles.
Moreover, the aggregation of nanoparticles mainly results in the
broadening and shifting of peaks to longer wavelengths [27]. High pH
value has been found critical in the synthesis of CuO nanoparticles since
at lower pH, there is a high possibility that the solution contains a
mixed ratio of Cu,0 and CuO nanoparticles [28]. During phytosynthesis
of nanoparticles, pH variation causes change in the charge of natural
phytochemicals, which in turn impacts upon their binding capability
and the reduction of metal ions thereby affecting the morphology and
yield of synthesized nanoparticles [29]. In the present scenario, higher
pH facilitated plant extract in playing its reduction role more effectively
and pH 11 was finalized for the synthesis of CuO nanoparticles for
further manipulation. Since both types of capped and uncapped nano-
particles were synthesized at elevated temperature, the most acceptable

Table 2
Kinetic parameters of Native HRP and Peroxidase mimics.

nanoparticle growth mechanism that can be suggested in this case is
Ostwald ripening and aggregation of nanoparticles aided by high
Brownian coagulation rate. Firstly, coarsening of particles took place
where large particles were formed by grouping of smaller particles and
then aggregation occurred because of increased particle mobility and
coalescence. Thus, primary nanoparticles might have resulted in the
formation of large nanocrystals [30].

4.2. Mechanism of CuO nanospheres synthesis

Number of researchers have agreed upon the fact that phytochem-
ical constituents mainly phenolics, flavones, terpenoids, alcohols,
polysaccharides and many other play a major role in the reduction of
metal salts. The mechanism involved in the synthesis of CuO nano-
particles is quite straightforward. According to our assumption, firstly
CuS04.5H,0 was reduced into Cu (OH), by reacting with hydroxyl ion
generated by water. Secondly, Cu (OH), was further reduced into CuO
nanostructures by active phyto-constituents occurring in Bl extract.
Following reactions proposes the pathway involved in CuO nano-
particles formulation.

CuSO45H,0 + 20H™ — Cu (OH), + SO42~ + 5H,0

Cu (OH), + [Phytochemicals in Bl extract] — CuO NPs + H,0

4.3. Finding from FTIR and XRD analysis

The FTIR spectrum of Bl root extract revealed the presence of nu-
merous functional group which attributed to the presence of proteins,
alkanes, phenols and alcohols, flavonoids, alkyl halides and aromatic
compounds. Many of the peaks indicating the presence of above men-
tioned compounds were found unaltered with a negligible shift in fre-
quencies in the IR spectrum of CuO NPs mainly 1097.53cm ™%,
1261.49cm ™! (both indicating C-O group) and 2924.18cm ™' (in-
dicating C-H, N—H and O—H groups) which led to the assumption that
associated compounds served as capping agents encapsulating the

Enzyme utilized (temp: 30°C) Substrate Enzyme Conc.

Michaelis Menten

Maximum Velocity V;,,x ~ Catalytic constant Catalytic efficiency

(ug/ml) constant K, (mM) (UM/min) Keat 571 (mM~ts™h
Horseradish Peroxidase TMB (varying), H,O, 50 2.1 3.8 0.76 0.36
CuO nanoparticles (fixed) 100 1.6 5.3 0.053 0.033
GSH-CuO nanoparticles 100 0.32 2.4 0.024 0.075

Kcat = Vi,ax/[E], (Here, Vo = maximum reaction velocity, [E] = total enzyme concentration used in the reaction, Catalytic efficiency = kea/Kp.
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Fig. 5. Time-dependent absorbance spectra of TMB oxidation (652nm) in the presence of additives by (a) native HRP (b) CuO nanospheres and (c) GSH-CuO

nanospheres.

exterior of nanoparticles. On the other hand, some bands such as
1037.74 cm_l(proteins) and 1654.98 cm ™! (flavonoids) were totally
consumed during CuO NPs synthesis. Meanwhile, peaks observed
within the range of 600-1050 cm ™! in FTIR analyses of capped and
uncapped nanostructures could also be attributed to metal-oxide
stretching of Cu—O as suggested previously [29]. A slight variation was
observed among the IR spectra of uncapped and GSH capped CuO na-
nospheres with minor shifts in bands which might have occurred due to
the interference of glutathione capping the nanoparticles (Fig. 2).

The XRD patterns of both CuO and GSH-CuO nanostructures were
found confirmatory to the monoclinic crystalline structure. The average
crystallite size calculated in both cases revealed smaller average size in
case of capped CuO nanoparticles. This might have resulted due to the
effective stabilization role played by Glutathione. Reduced glutathione
(GSH), a composite of r-glutamine, 1-cysteine and glycine, has been
used previously for capping of nanoparticles as its functional groups
—SH, —COOH and —NH,, exhibit high affinity towards metal ions and
result in the synthesis of highly stable, non-toxic nanoparticles with
favorable properties [9]. However, it must be noticed that average
crystallite size of nanostructures considered as the size of a coherently

71

diffracting domain may or may not be the same as the individual par-
ticle’s size. XRD peak broadening was observed to be strikingly obvious
in case of GSH-capped CuO nanoparticles (Fig. 3b) which might have
occurred as a result of deformation, crystallite size, microstrains and
instrumental broadening [26]. Dislocation density was found inversely
proportional to the crystallite size derived by Sherrer’s equation with
increased dislocation density observed in case of GSH-CuO with smaller
mean crystallite size. This suggests that GSH-CuO nanostructure might
be more defective probably due to subjection to further surface mod-
ification. SEM analyses of both types of nanostructures were in corre-
spondence to the crystallite size obtained through XRD with decreased
size identified in case of GSH capped CuO nanospheres (Fig. 4).

4.4. Stability analysis

The stability of nanoparticles in the presence of diverse composi-
tions is of immense importance because it enables their applicability in
multi-ranged biological applications. Therefore, biologically synthe-
sized CuO nanostructures in the current study were analyzed for their
stability in the presence of certain distinct compounds selected on the
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Table 3
Comparison of kinetic parameters of CuO and GSH-CuO nanospheres with other
peroxidase mimicking nanostructures with H,O, as oxidant.

No. POx mimicking Substrate  Michaelis Menten constant References
entity Km (mM)

1. *CS-GO NPs TMB 0.033 [34]

2. BSA-Au NPs TMB 0.00253 [35]

3. Pt NCs TMB 0.096 [36]

4. Cu NPs TMB 0.648 [37]

5. Ag/rGO TMB 0.850 [38]

6. Zn-CuO TMB 0.01 [19]

7. CuO NPs TMB 1.600 this work
8. GSH-CuO NPs TMB 0.32 this work

CS-Graphene: Chitosan stabilized graphene oxide nanoparticles, BSA-Au:
Bovine serum albumin stabilized Gold nanoparticles, HCNTs: Helical-Carbon
nanotubes.

basis of their biomedical implications. Among various tested com-
pounds, CuO nanospheres, both uncapped and GSH-capped were found
significantly stable in the presence of Catechin hydrate, HgCl,, Phenol
and Lead nitrate after 24 h incubation period (Fig. 5). All of these
compounds have profound therapeutic and biomedical importance
[31-33]. Thus, the investigated compatibility of synthesized nano-
particles increases their likelihood to be used in bio-applications exe-
cuted in the presence of above mentioned compounds.

4.5. Kinetics studies of CuO/GSH-CuO nanospheres

At present, numerous researches have been performed in de-
termining the nanozymatic potential of metal nanoparticles however,
majority of the work involves chemically/physically synthesized na-
nostructures with almost no reference to biologically synthesized na-
noparticles serving as biosensors. Therefore, present research was fo-
cused on determining the peroxidase like activity of nanospheres
synthesized from aqueous extract of Berberis lycium with an aim to in-
troduce cost-effective, non-toxic and biocompatible nanozymes. In
order to compare the catalytic affinity of CuO and GSH-CuO nano-
spheres with that of standard peroxidase enzyme, firstly the kinetic
parameters of HRP were studied with H>O, and TMB as the substrates.
After HRP, same reaction was carried out under optimized conditions to
analyze the intrinsic peroxidase activity of prepared NPs. Evaluation of
overall catalytic efficacy of phyto-synthesized nanospheres demon-
strated moderate catalytic efficiency in both cases i.e. CuO and GSH-
CuO nanospheres compared to the native HRP. However, GSH-CuO
nanospheres showed better results in contrast to uncapped types.
Table 3 compares the catalytic affinities of synthesized nanospheres
with some of the previously reported enzyme mimicking materials
[34-38]. Increased affinity for TMB exhibited by GSH-CuO NPs com-
pared to uncapped CuO nanospheres might have occurred because their
smaller size might have provided more surface area and hence in-
creased number of active catalytic sites to the substrate.

None of the compounds tested as potential enhancers were observed
to support the enzyme mimicking activity of prepared nanozymes al-
though surprisingly, TMB oxidation rate in case of HRP was found in-
creased in the presence of Lead nitrate. Previously, metal cofactors such
as Ca?* and Fe?" in heme group have been recognized as boosters of
refolding yield as well as catalytic activity of HRP [39]. However, the
exact role of Lead nitrate in the functioning and stability of HRP is yet
to be studied.

4.6. Mechanism behind POx activity of CuO/GSH-CuO nanospheres

The possible mechanism that can be suggested for peroxidase mi-
micking activity of synthesized nanoparticles is that TMB was adsorbed
on to the surface of nanospheres through m-i stacking interaction be-
tween free electrons and conduction band electrons of metallic
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nanoparticles [34]. TMB then donated its lone electron pair of amino
group to nanoparticles thereby converting itself to oxidized blue com-
plex with maximum absorbance at 652 nm. Meanwhile, the electrons
donated to nanospheres by TMB increased the electron density and
mobility which compelled CuO/GSH-CuO nanostructures to transfer
electron to H,0, thus reducing H,O, into water. Relatively, better
redox activity was displayed by GSH-CuO probably because of the
quantum size effect exhibited by smaller crystalline size of capped na-
nospheres, thereby speeding up the process of electron transfer from
TMB to H,0, [40]. Also, it can be suggested for better activity of GSH-
CuO that TMB was easily adsorbed on its large surface area due to in-
creased density of catalytically active sites. Moreover, the reducing
ability of glutathione might have played an influential role in enhan-
cing catalytic activity of GSH-CuO nanospheres.

5. Conclusion

In conclusion, glutathione stabilized and non-functionalized CuO
nanospheres were found stable in the presence of certain bio-medically
significant compounds which broadens their spectra of applicability.
CuO nanospheres with wide-ranged stability can emerge as potential
remediators of environmental toxicants. Although synthesized nano-
particles depicted marginal catalytic efficiency compared to previously
reported POx mimicking nanostructures [41,42], the use of biological
extract as reducing agent and Glutathione as capping agent for nano-
zymes’ synthesis is the striking feature of current research work which
made the whole process more cost effective, time-saving, non-toxic and
environment friendly. Hence, there is a plausible chance that further
manipulation and optimization of synthesizing parameters and reaction
conditions may give rise to efficient and stable phyto-synthesized GSH-
CuO nanozymes which may serve as better alternatives to chemically/
physically formulated colorimetric Nano-biosensors.
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