Pre prints.org

Article Not peer-reviewed version

Introducing a High Throughput
Nanozymatic Method for Green
Nanozyme-Mediated Degradation of
Organic Dyes in Real Water Media

Saeed Reza Hormozi Jangi *

Posted Date: 12 June 2023
doi: 10.20944/preprints202306.0791.v1

Keywords: nanozyme-mediated dye degradation; organic dye; nanozyme; methylene blue; real water media

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/2968562

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 doi:10.20944/preprints202306.0791.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Introducing a High Throughput Nanozymatic
Method for Green Nanozyme-Mediated Degradation
of Organic Dyes in Real Water Media

Saeed Reza Hormozi Jangi

Hormozi Laboratory of Chemistry and Biochemistry, 9861334367, Zabol, Iran; saeedrezahormozi@gmail.com
(S.R. Hormozi Jangi)

Abstract: In this work, a high throughput nanozymatic method was developed for green nanozyme-
mediated biodegradation of organic dyes in real water media. The nanozymes were synthesized
and characterized for their size and morphology by TEM and DLS analysis. The nanozymatic
properties of the as-prepared nanomaterials were evaluated by standard enzyme activity assay,
revealing high peroxidase-like performances for the as-prepared nanozymes. Therefore, for
exploring more precise, the kinetics behavior of the as-prepared nanozymes was evaluated by the
standard Lineweaver-Burk method, revealing a Vmax as high as 0.263 uM sec?! and a Km as low as
0.03 mM, revealing high catalytic efficiency and affinity of the as-prepared nanozymes. Hence, the
as-prepared nanozymes were utilized for organic dye degradation in real water media using
methylene blue as a model organic dye. The effective factors on the dye degradation including pH,
ionic strength, degradation time, nanozyme amount, etc. were optimized by the one-factor-at-a-time
optimization method. At optimal experimental conditions, the as-prepared nanozymes can degrade
about 99.0% of the organic dye within a degradation time as low as 7 min. The developed method
was finally employed for the nanozyme-mediated degradation of methylene blue from real water
media such as pool, mineral, river, and tap water samples. The results of this study revealed an
excellent biodegradation yield of over 94.3%-99.0% for the different real samples, proving the
suitability of the developed method for dye degradation in real water media.

Keywords: nanozyme-mediated dye degradation; organic dye; nanozyme; methylene blue; real
water media

Introduction

Industrial wastewaters commonly contain several toxic wastes with high water solubility, for
instance, toxic organic dyes, phenols, and pharmaceutically active compounds which are non-
biodegradable. Hence, entering these non-biodegradable into the environment makes several serious
environmental damages [1,2]. Considering these issues, the high throughput removal of wastes is
necessary from an environmental safety view. There are several different methods for the removal of
contaminates (e.g., dyes) from water media including simple adsorption-based systems or catalytic
degradation of dyes to mineral and safe materials [2]. In the case of catalytic degradation, up to now,
several methods are introduced for dye removal such as chemo-degradation [3], photo-degradation
[4], biodegradation [5], photo-induced nanozymatic degradation [2], multienzyme-based
degradation [6], and chemo-bio degradation [7]. Among different methods, nanozyme-based dye
degradation recently attracted more attention due to their high catalytic efficiency, fast degradation,
green properties, and high stability against environmental harsh conditions compared to natural
enzymes. In fact, despite the high specificity and catalytic efficiency of the native enzymes, they suffer
several drawbacks such as low stability against environmental changes [8]. Hence, replacing native
enzymes with high stable nanozymes can be considered a new point in the biocatalysis field. The fast
development of material science and nanotechnology led to introduce several novel nanoscale
materials such as carbon dots [9] nanoporous MOFs [10,11] and ZSM-5@ Al-MCM nanocatalysts [12],
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noble metal nanoparticles [13-18], and magnetic nanoparticles [19]. Among different nanoparticles,
some of them show high enzyme-like activity, for instance, silver nanoparticles [14], Fe20s/Au hybrid
nanozyme [20], Fe/Cu single-atom nanozymes [21], manganese dioxide nanoparticles [22], BSA-Au
nanoclusters [23,24], and BiOI-NFs [2]. Considering the high enzyme-like activity of these
nanozymes, researchers aimed to utilize them as enzyme alternatives to overcome the difficulties of
natural enzymes [2,8,23,24]. In this regard, nanozymes had been used for developing different
analytical sensing and biosensing methods [8], and organic dye degradation [2,6].

However, the focus of the nanozyme-based research is on developing sensing and biosensing-
based methods. In contrast, studies on their potential application toward the enhancement of
environmental safety are limited. Hence, developing high throughput nanozyme-based methods for
the biodegradation of organic dyes in real water media can be considered as high-impact and
applicable systems for the enhancement of environmental safety. Considering the above-mentioned
facts, in this contribution, a high throughput nanozymatic method was developed for green
nanozyme-mediated degradation of organic dyes in real water media. The protein-protected gold
nanozymes were synthesized and characterized for their size, morphology, and peroxidase-like
activity. The nanozyme activity was evaluated by standard enzyme-activity assay. Besides, kinetics
studies were carried out for the developed nanozymes. Thereafter, the as-prepared nanozymes
were utilized for methylene blue degradation in real water media. The effective factors on the dye
degradation including pH, ionic strength, degradation time, nanozyme amount, etc. were optimized
by the one-factor-at-a-time optimization method. Finally, the method was employed for the
nanozyme-mediated degradation of methylene blue from real water media such as pool, river, and
tap water samples.

2. Experimental Section

2.1. Materials

H20s, acetic acid, NaCl, HAuCl+.4H-O, bovine serum albumin (BSA), NaOH, 3,355
tetramethylbenzidine (TMB), and methylene blue (MB) were from Merck Company. Deionized water
was supplied by Zolal Teb Shimico (Iran) company.

2.2. Instrumentation

The UV-Visible measurements for the investigation of the peroxidase-like activity of the as-
prepared nanozymes as well as for probing the dye degradation were performed by using an
Ultrospec 4000 UV-Vis spectrophotometer manufactured by Pharmacia Biotech (Biochrom) Ltd
equipped with SWIFT Software. Besides, a Metrohm 827 pH meter equipped with a combined glass
electrode and a transmission electron microscope (Zeiss, model EL10C) were utilized for pH
measurements and size and morphology evaluation, in order. For exploring more precise on size
reporting, the DLS pattern was provided using a Shimadzu particle size analyzer (model: SALD-
301V, Japan).

2.3. Green synthesis of gold nanozymes

Protein protected-gold nanozymes were synthesized via a simple, high throughput and green
method at physiological temperature via incubation of 10 mL mixed solution (pH=10.5-11.0) of a 1:1
volume ratio of HAuCls.4H2O solution and 50 mg mL at 37.0 °C for 12 hours. The as-prepared
nanozymes were then collected and stored at 4 °C.

2.4. Dye degradation protocol

The dye degradation activity of the as-prepared nanozymes toward organic dye, methylene
blue, was evaluated by quantification of the dye concentration during the nanozyme-mediated
reaction. In a typical experiment, 120.0 puL of the as-prepared nanozymes and 100.0 uL of 30.0% H20:
were added to 10.0 mL of 20.0 mg L™ methylene blue solution (pH 4.0-5.0). After 7.0 min, the dye bio-
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degradation process was probed by UV-Visible spectroscopy. The dye concentration was calculated
by measuring its absorbance at 661.0 nm before and after incubation with the as-prepared nanozymes
and the nanozyme-mediated degradation efficiency was estimated by the following formula;

Co

It is notable that Co (mg L ') and C (mg L ) are the MB initial and final concentrations,
respectively.

Co

Degradation ef ficiency (%) = x 100

3. Results and discussion

3.1. Characterization of as-prepared nanozymes

The as-prepared nanozymes were synthesized via a simple, high throughput and green method
at physiological temperature and then characterized for their morphological properties, and size by
TEM imaging method, and DLS analysis, in order. The morphological properties and the mean size
of the as-prepared nanozymes were investigated by the TEM imaging method. To do this, the TEM
image of the as-prepared nanozymes was recorded. The results are shown in Figure 1A, as shown in
this figure, the as-prepared nanozymes show a semi-spherical morphology with uniform particles.
It is mentionable that, the uniformity of the particles of the as-prepared nanozymes is a significant
advantage from an enzymatic point of view because the uniform particles showed higher enzyme-
like activity than the particles with low uniformity. Besides, the results showed that the as-prepared
nanozymes have a narrow size distribution of 7.7-18.3 nm with a mean size of about 13.2 nm which
makes them suitable for enzyme-mimicking applications, considering the fact that the size of
nanozymes can strongly affect their enzyme-like activity [24].

For exploring more precise size reporting of the as-prepared nanozymes, the DLS analysis was
performed. The results are shown in Figure 1B, as shown in this Figure, the as-prepared nanozymes
show a size distribution over 7.3-.31.3 nm with a mean diameter of 13.16 nm. However, the maximum
of particles has a size in the range of 10.5-17.2 nm. Besides, the mode of the particles has a size of
about 13.0 nm. It is notable that the results of the DLS analysis (mean size of 13.16 nm) are close to
those of the TEM imaging method (mean size of 13.2 nm).
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Figure 1. (A) TEM image and (B) DLS pattern of the as-prepared nanozymes.

3.2. Evaluation of nanozymatic properties

The nanozymatic properties of the as-prepared nanozymes including their peroxidase-like
activity and their kinetics parameters toward enzyme-mediated oxidation of 3,3,5,5'-
tetramethylbenzidine (TMB) were evaluated to prove the enzyme-like activity and power as well as
to estimate the catalytic efficiency of the as-prepared nanazymes.
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3.2.1. Peroxidase-like activity the as-prepared nanozymes

The peroxidase-like (nanozymatic) activity of the as-synthesized nanozymes was investigated
toward 3,3’,5,5’-tetramethylbenzidine (TMB) oxidation as the standard peroxidase substrate [8,14].
The activity was evaluated by probing the absorbance of the blue-colored oxidation product (i.e.,
TMB-ox) at 655 nm based on the standard enzyme assay. It is notable that to prove the oxidation
catalysis by the as-prepared nanozymes, the oxidation process was performed in the presence and
the absence of the as-prepared nanozymes. The results are shown in Figure 24, as seen in this figure,
the oxidation of TMB to its corresponding blue-colored product cannot efficiently proceed in the
absence of the as-prepared nanozymes, revealing very slow kinetics of the oxidation process of TMB
by hydrogen peroxide. In contrast by introducing the as-prepared nanozymes into the mixture of
TMB and hydrogen peroxide, the oxidation quickly proceeded and a significant absorbance was
observed at 658 nm which is related to the oxidation product of TMB. Hence, it can be concluded that
the as-prepared nanozymes show characteristic peroxidase-like activity. In fact, the as-synthesized
nanozymes can produce active hydroxyl radicals by acting on hydrogen peroxide, as reported [8],
then, the produced hydroxyl radical reacts with the TMB molecules and oxidize them to their
corresponding cation radicals through a 2-electron reversible oxidation mechanism [8].
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Figure 2. (A) The peroxidase-like activity of the as-prepared nanozymes vs. control sample
(TMB+H202) and (B) Lineweaver—Burk plot for calculating the kinetics parameters of the as-prepared

nanozymes.

3.2.2. Kinetics behavior of the as-prepared nanozymes

To explore more precise on the peroxidase-like activity and enzymatic power of the as-prepared
nanozymes, the kinetics studies were carried out by estimating the nanozyme activity as a function
of TMB concentration and then estimating the nanozymatic kinetics parameters, the standard
Lineweaver-Burk plot was provided by plotting the inverse of the velocity of the nanozymatic
reaction (V) as a function of [TMB]. It is notable that the velocity of the reaction was calculated
based on the estimation of the concertation of the produced TMB-ox per one second of the reaction
(UM sec), considering this fact that the molar absorption efficient of TMB-ox at 655 nm was 39000
uM1 cm. The results are shown in Figure 2B, revealing a Vmaxand a Km of 0.263 uM sec and 0.03
mM, in order. It is notable that the Vmax showed the catalytic efficiency of the nanozyme and the Km
showed the affinity of an enzyme to its substrate, as reported. The higher Vmaxand lower Kn are
assigned to higher efficiency and affinity, respectively [25-27]. Hence, based on the above
considerations, it can be concluded that the as-prepared nanozymes reveal high peroxidase-like
activity which makes them suitable for application in biocatalysts.
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3.3. Nanozyme-mediated organic dye degradation

For developing a nanozyme-mediated dye degradation method utilizing the as-prepared
nanozymes, methylene blue (20.0 mg L™) was used as a model organic dye. The nanozyme-mediated
dye degradation efficiency was calculated by probing its UV-Visible absorbance at 661 nm and
calculating its concentration before and after the reaction. The factors affecting the nanozyme-
mediated dye degradation including, pH, degradation time, nanozyme amounts, hydrogen peroxide
volume, and ionic strength were optimized to reach the best dye degradation performances. It
should be mentioned that the nanozyme-catalyzed degradation efficiency for MB was calculated as
high as 99.0% at optimal experimental conditions.

3.3.2. Effect of degradation time

Since the nanozyme-mediated catalytic systems are time-dependent, hence, the effect of the
degradation time on the nanozyme-mediated degradation of MB was evaluated over 0-10 min. The
UV-Visible spectra of 20.0 mg L™ MB as a function of degradation time are shown in Figure 3A,
revealing that the concentration of MB was decreased by increasing the degradation time and reached
its minimum concentration after 7 min and after this time, the concertation of MB was not affected
by the degradation time. Besides, the plot of degradation yield as a function of time was shown in
Figure 3B, as seen, the degradation yield reached its maximum percentage at a degradation time as
low as 7 min and then leveled off.
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Figure 3. (A) UV-Visible spectra of 20.0 mg L™ MB at different degradation times and (B) the effect of
time on the nanozyme-mediated methylene blue degradation.

3.3.1. Effect of pH and ionic strength

The effect of pH on the yield of the nanozyme-mediated degradation of methylene blue as one
of the most important and common parameters of the degradation process was investigated by
testing a series of MB solutions with different pHs ranging from 2.0 to 8.0. The results shown in Figure
4A revealed that the nanozyme-mediated degradation efficiency reached its maximum value (99.0%)
at pH=4.0-5.0 7.0 and then decreased by increasing the pH of the solution. It is maybe related to the
degradation of hydrogen peroxide at higher pH values and decreasing the nanozymes activity at pHs
higher than pH=4.0-5.0. Hence, pH=4.0-5.0 was selected as the optimal pH for nanozyme-mediated
degradation of MB. Besides, the effect of ionic strength on the nanozyme-mediated dye degradation
was also checked. To do this the ionic strength of the dye solutions was adjusted to the desired values
using NaCl solutions with different concentrations over 1.0-5.0 mM. The results showed that the

efficiency of the nanozyme-mediated dye degradation was not significantly changed by the variation
of ionic strength (Figure 4B).
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Figure 4. The effect of (A) pH and (B) ionic strength on nanozyme-mediated methylene blue
degradation using the as-prepared nanozymes.

3.3.3. Effect of hydrogen peroxide and nanozyme volume

As reported in the literature, the semi-peroxidase nanozymes or peroxidase enzymes act on the
hydrogen peroxide and produce active hydroxyl radicals. The produced radicals react with the
organic dyes and degraded them to carbon dioxide and water [2,6]. Hence, the amount of hydrogen
peroxide is a key factor that significantly affects the nanozyme-mediated degradation of methylene
blue dye. Considering this fact, the amount of hydrogen peroxide was optimized by degrading 20.0
mg L™ MB in the presence of different volumes of 30% hydrogen peroxides (Figure 5A). The results
revealed that the degradation efficiency reached its maximal value when 100.0 uL H202(30%) was
used as the oxidant agent. Also, the amount of the as-prepared nanozymes was also optimized by
probing the degradation of 20.0 mg L™ MB in the presence of different volumes of the as-prepared
nanozymes over 60-160 uL, the results showed that the degradation yield was increased by increasing
the nanozyme amount, reached its maximum yield at 120 uL and then leveled off (Figure 5B).
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Figure 5. The effect of (A) hydrogen peroxide and (B) nanozyme amount on the nanozyme-mediated
methylene blue degradation.


https://doi.org/10.20944/preprints202306.0791.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2023 doi:10.20944/preprints202306.0791.v1

3.5. Practical application

The feasibility of the developed nanozyme-mediated methylene blue degradation for the
degradation of this organic dye in the real samples was investigated by probing its degradation in
different real water media including tap water, mineral water, pool water, and river water. To do the
degradation experiments, 10.0 mg L™ or 20.0 mg L™ MB was initially spiked to each water sample,
and the nanozyme-mediated dye degradation system was applied for the dye degradation. The
results of this study were shown in Table 1, revealing an excellent biodegradation yield over a
minimum value of 94.3% (river water) and a maximum value of 99.0% (tap water) for the different
real samples, proving the suitability of the developed method for the dye degradation in real water
media.

Table 1. Practical applications of the developed nanozyme-mediated dye degradation system.

Real sample Spiked MB conc. (mg L) Degradation yield (%) RSD (%, n=3)
Tap water 10.0 99.0 2.7
20.0 98.4 3.1
Pool water 10.0 97.5 35
20.0 96.4 3.8
Mineral water 10.0 99.0 3.1
20.0 98.5 3.5
River water 10.0 96.1 4.3
20.0 94.3 4.6

4. Conclusions

In this work, a high throughput nanozymatic method was developed for green nanozyme-
mediated biodegradation of organic dyes in real water media. The nanozymes were synthesized and
characterized for their size and morphology by TEM and DLS analysis. The nanozymatic properties
of the as-prepared nanomaterials were evaluated by standard enzyme activity assay, revealing high
peroxidase-like performances for the as-prepared nanozymes. Therefore, for exploring more precise,
the kinetics behavior of the as-prepared nanozymes was evaluated by the standard Lineweaver-Burk
method, revealing a Vmax as high as 0.263 uM sec'! and a Kmas low as 0.03 mM, revealing high catalytic
efficiency and affinity of the as-prepared nanozymes. Hence, the as-prepared nanozymes were
utilized for organic dye degradation in real water media using methylene blue as a model organic
dye. The effective factors on the dye degradation including pH, ionic strength, degradation time,
nanozyme amount, etc. were optimized by the one-factor-at-a-time optimization method. At optimal
experimental conditions, the as-prepared nanozymes can degrade about 99.0% of the organic dye
within a degradation time as low as 7 min. The developed method was finally employed for the
nanozyme-mediated degradation of methylene blue from real water media such as pool, mineral,
river, and tap water samples. The results of this study revealed an excellent biodegradation yield of
over 94.3%-99.0% for the different real samples, proving the suitability of the developed method for
dye degradation in real water media.
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