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Abstract

The kinetics studies of the as-prepared BSA-gold nanozymes were performed by measuring their activity as a function
of DAB or TMB (i.e., enzyme-substrate) concentrations. The kinetic parameter, V5 and K, was then calculated by
using Michaelis—Menten and the linear plot of Lineweaver—Burk for both substrates. the V5, of DAB oxidation was
found to be lower than that of the TMB oxidation which pointed to the fact that the catalytic efficiency of the as-prepared
BSA-gold nanozymes toward TMB is significantly higher than their efficiency for the DAB. Besides, the K,, value for
DAB was found to be very higher than that for TMB. This difference can be related to the different reactivity of DAB and

TMB. as well as their different oxidation mechanism.
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Introduction

It is well known that although native enzymes reveal high specificity toward their substrates and high catalytic
performance, they show several disadvantages such as low stability (narrow pH and thermal range); difficult recovery, and
no reusability [']. For overcoming these drawbacks, the enzyme immobilization process has been developed®.. The
enzyme immobilization permits. possible increase in stability (pH, thermal, storage, and solvent performance), easy to
recover and handle via simple enzyme separation from the mixtures of reactants and products. Despite great advantages,
the specific and relative activities of the most immobilized enzymes are found to be lower than the free enzymes. This

decrease in enzyme activity can be explained by the effect of immobilization on enzymes' conformational transition after
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their immobilization [°I[]. Besides, enzyme immobilization, the fast advancement of the field of material science and
nanochemistry leads to develop novel nanoscale materials such as MOFs [°! and carbon dots (¢!, ZSM-5@ AI-MCM
nanocatalysts |/l and silver nanoparticles [8l. Among these nanoparticles, a wide variety of the introduced nanomaterials
reveal excellent enzyme-like activity [! for example Fe,O3/Au hybrid nanozyme ['%, silver nanoparticles [ 11121, pt
nanozyme ['3], Fe/Cu single-atom nanozymes ['#!, and unmodified silver nanoparticles ['°!, MnO, nanoparticles ['¢], BSA-
Au nanoclusters ['71l18] BiOI-NFs ['°], NEQC-340 [°%], and SiO,-Fe30,4 nanoparticles [%']. Hence, considering this high
enzyme-like activity, the researchers aimed to use these nanomaterials as enzyme alternatives to overcome the
difficulties of natural enzymes ['I°]. Recently, nanozymes had been utilized for analytical sensing and biosensing 22,

[23

water treatment (23], food analysis [#*], and organic dye degradation 2],

Recently excellent peroxidase-like activity of gold nanozymes attracted good attention for application as highly powerful
alternatives to natural peroxidase ['7I['8]. Notably, the most common peroxidase substrates, 3,3',5,5'-tetramethylbenzidine
(TMB), and 3,3"-diaminobenzidine (DAB) have been commonly used for quantification of their activity [°]. However, the
affinity of different substrates for binding to nanozyme active notes is different from each other, leading to different kinetic

performances of a nanozyme toward different substrates.

Herein, the kinetics performances of BSA-gold nanozymes were calculated toward oxidations of both TMB and DAB.

2. Experimental Section

2.1. Materials and instrumentations

All materials were obtained from Merck Company except DAB which provides by Sigma. spectrophotometric assay for
kinetics studies was performed using an Ultrospec 4000 UV-Vis spectrophotometer manufactured by Pharmacia Biotech
(Biochrom) Ltd. A transmission electron microscope (Zeiss, model EL10C) operated at an accelerating voltage of 80 kV

was used for the characterization of the as-prepared nanozymes.

2.2. Nanozyme synthesis protocol

To do synthesis the BSA-protected nanozymes, 10.0 mM HAuCl,.4H,O (5.0 mL) was introduced to 50 mg mL:! bovine
serum albumin (5.0 mL), followed by stirring at 37 °C and adding 1.0 M NaOH to adjust pH. The solution was incubated at

37 °C for 12 hours to complete the synthesis process.

2.3. Kinetics measurements

Finally, the kinetic parameters of the as-prepared BSA-gold nanozymes for both DAB and TMB were investigated based
on Michaelis—Menten equation and the Lineweaver—Burk method. Regarding the TMB assay, 40 puL hydrogen peroxide

solution (final concentrations of 0.24 M), 200 pL of TMB (different concentrations), and 80 pL of BSA-gold nanozymes
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were introduced to 1.3 mL of acetate buffer (0.3 M; pH, 0.4), followed by incubation for about 10 minutes at ambient
temperature. After that, the absorbance of the blue-colored TMB-ox at 658 nm was used for nanozyme activity (nM sec™)
calculation considering a € of 39000 M cm!. For the DAB assay, 80.0 uL BSA- gold nanozymes were added into 1.3 mL
of phosphate buffer solution (pH 7.0, 0.4 M) containing 200.0 pL of DAB (different concentrations) and 40.0 pL of HP (with
a final concentration of 0.24 M) and thoroughly mixed at ambient temperature. The oxidation was followed for 25.0 min to
complete the production of the corresponding indamine polymer (i.e., polyDAB). Thereafter, the nanozyme activity (nM
sec) was measured by probing the absorbance of the resulting polyDAB at 460 nm considering a molecular extinction

coefficient €=5500 molar cm™".

3. Results and discussion

3.1. Nanozyme characterization

BSA-gold nanozymes were synthesized via a protein-directed method utilizing bovine serum albumin (BSA) as both
reductant and stabilizer. Thereafter, the as-prepared nanozymes were characterized by recording their TEM image
(Figure 1). The results showed that the as-prepared BSA-gold nanozymes have a size distribution of 7.7-18.3 nm with a

mean size of about 13.2 nm.

Figure 1. TEM image of the as-prepared BSA-protected nanozymes.

3.2. Kinetics Studies

The kinetics studies of the as-prepared BSA-gold nanozymes were performed by measuring their activity as a function of

DAB or TMB (i.e., enzyme-substrate) concentrations. The kinetic parameter, Vmax and Km was then calculated by using
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Michaelis—Menten and the linear plot of Lineweaver—Burk for both substrates. The Michaelis—Menten plot for oxidation of
TMB catalyzed by BSA-gold nanozymes was shown in Figure 2A, revealing that the rate of nanozyme-mediated oxidation
of TMB was increased by increasing the substrate concertation and then leveled off. Besides, to evaluate the kinetics
performances of the as-prepared BSA-gold nanozymes for DAB oxidation, the Michaelis—Menten plot for DAB oxidation by
hydrogen peroxide in the presence of the BSA-gold nanozymes as the peroxidase-mimicking agents were obtained, and
the results are shown in Figure 2B, revealed that the rate of nanozyme-mediated DAB oxidation was increased by
increasing the substrate concertation and then leveled off which is same of the TMB oxidation but the TMB oxidation rate

was found to be higher than that of the DAB oxidation by BSA-gold nanozymes.
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Figure 2. Michaelis—Menten plots for (A) TMB and (B) DAB oxidation.

To explore more precise the kinetic performances of BSA-gold nanozymes toward DAB oxidation, the Lineweaver—Burk
plot was constructed for estimation of Km and Vmax of BSA-gold enzymes-mediated oxidation of DAB (Figure 3A),
revealing a Vpnax and Ky, of 185 nM sec! and 0.72 mM, in order, for DAB oxidation. To estimate the kinetic parameters of
BSA-gold nanozymes toward TMB oxidation, the Lineweaver—Burk plot was constructed (Figure 3B). Based on Figure 3B,
the Vpnax and Ky, of the as-prepared nanoymes toward TMB oxidation were calculated at about 263 nM se¢! and 0.03
mM, in order. The V4 of DAB oxidation was found to be lower than that of the TMB oxidation, revealing that the catalytic
efficiency of the as-prepared BSA-gold nanozymes toward TMB is higher than that for the DAB. The K, value for DAB
was found to be very higher than that for TMB, revealing a higher affinity of TMB for binding to BSA-protected gold
nanozymes than DAB. This difference can be related to the different reactivity of DAB and TMB as well as their different

oxidation mechanisms.
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Figure 3. Lineweaver—Burk plots for (A) DAB and (B) TMB oxidation.

4. Conclusions

The kinetics studies of the as-prepared BSA-gold nanozymes were performed by measuring their activity as a function of
DAB or TMB (i.e., enzyme-substrate) concentrations. The kinetic parameter, Vo« and K, was then calculated by using
Michaelis—Menten and the linear plot of Lineweaver—Burk for both substrates. the V44 of DAB oxidation was found to be
lower than that of the TMB oxidation which pointed to the fact that the catalytic efficiency of the as-prepared BSA-gold
nanozymes toward TMB is significantly higher than their efficiency for the DAB. Besides, the K, value for DAB was found
to be very higher than that for TMB. This difference can be related to the different reactivity of DAB and TMB. as well as

their different oxidation mechanisms.
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