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Abstract

The development of rapid and highly sensitive diagnostic methods has received significant
attention. Enzymatic nanobiosensors are a promising approach, offering fast results based on
specific interactions between nanoparticles, enzyme, and target molecules. This study
investigated the potential of ZnO nanoparticles, SnO, and multiwall carbon nanotubes (MWCNTS)
as marker molecules in a system using beta-galactosidase enzyme for bacterial detection. Following
nanoparticle synthesis, their structure was confirmed using XRD, FTIR, UV-DRS analyses. Enzyme
activity was evaluated in the presence of the substrate ONPG. Different nanoparticle concentrations
were tested with a constant amount of enzyme to determine the optimal concentration for inhibiting
lactase activity. Subsequently, varying concentrations of Escherichia coli were introduced, and the
ability of each nanoparticle type to detect bacteria was compared. Due to their small size, high
surface area, and strong reactivity, these nanomaterials demonstrated the potential to detect low
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bacterial concentrations in the environment.Bacteria likely attached to the nanoparticles,
hindering their intraction with the enzyme and consequently affecting enzyme activity. The
results revealed MWCNTSs to be most effective for bacterial identification, detecting as low as
10 CFU/mL bacteria within 15 min. This approach has promising applications in the food
industry for rapid detection of low-level bacterial contamination.

Keywords: Enzymatic nanobiosensors, ZnO NPs, SnO NPs, MWCNTSs, E. coli.

Introduction

Microbial pathogens have been a major cause of infections, diseases, and even deaths
worldwide for decades. Traditional culture methods for detecting microbial contaminations are
time-consuming and require delicate equipment. E. coli serves as an indicator of microbial
contamination, making its diagnosis a crucial health criterion in food industries. Recent
advancements in nanotechnology have led to the development of novel diagnostic systems with
high specificity and sensitivity for pathogen detection. Enzymatic nanobiosensors, for example,
utilize advanced intractions between nanoparticles, enzymes, and target molecules to rapidly
detect microbial contamination in food.These biosensors are analytical tools composed
primarily of a bioreceptor and a transducer.In electrochemical biosensors, immobilized enzymes
are commonly used. The hydrolytic enzyme beta-galactosidase (B-gal) is a valuable diagnostic
tool. Nanostructured materials have recently gained significant interest in point-of-care
diagnostics due to their superior chemical, mechanical, and thermal stability. . This study
investigates the use of cationic nanostructures of zinc oxide (ZnQO), SnO, and MWCNTSs to
inhibit B-gal activity. The primary objective of this research is to develop a selective and
sensitive method for E. coli detection using ZnO nanoparticles (NPs), SnO NPs, and MWCNTSs.

Materials and Methods
ZnO and SnO NPs were synthesized using sol-gel wet chemical method. . Thestructural

properties of the samples were characterized using XRD, FTIR, and UV-DRS. To enhance the
reactivity of MWCNTs for B-galactosidase immobilization, glutaraldehyde was employed as a
linker. Enzyme activity measurement was performed following the method referenced by
Sigma-Aldrich Company. Briefly, B-Gal activity was evaluated in the presence of nanoparticles.
The assay was carried out in a 96-well plate. Various concentrations of nanoparticles (10-120
ul) were mixed with 60 pl of $-gal solution. Each mixture was then dilted to a final volume of
200 pl with phosphate-buffered saline (PBS). After incubation, a constant vloume (10 pl) of
ONPG substrate was added to each well. The absorbance of each well was subsequently
monitored at 405 nm every 20 seconds for 30 minutes. The nanoparticle concentration that
effectively inhibited enzyme activity was chosen for the bacterial identification and diagnostic
step. For bacterial detection, a separate mixture of B-galactosidase enzyme (60 pl) and NPs was
prepared each well of a 96-well plate. Subsequently, different concentrations of E. coli (10 —
10® CFU/mL) were inoculated into each well. Following incubation, a constant amount of
ONPG substrate was added to each well. Finally, the absorption spectra were recorded at 405
nm after 15 and 30 minutes of incubation.
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Discussion of Results and conclusions

Structural & optical characterization of the synthesized ZnO, SnO NPs, and MWCNTSs
revealed promising results. The estimated grain sizes using the Scherrer equation were 23 nm,
25 nm, and 10 nm for ZnO, SnO NPs, and MWCNTSs, respectively. Glutaraldehyde, a well-
suited crosslinker for B-galactosidase molecules, was employed to enhance the reactivity of
MWCNTs for enzyme immobilization. In the enzyme activity evaluation step, 60 ul of B-gal
was determined to be sufficient for complete ONPG substrate hydrolysis. This concentration
was then used for the B-gal activity assay in the presence of NPs. The results demonstrated that
MWCNTs were significantly more effective than ZnO and SnO NPs in inhibiting 3-gal activity.
As the NP concentaration increased, enzyme activity progressively decreased. This inhibition
can be attributed to the e positively charged NPs electrostatically attracting the negatively
charged enzyme, thereby hindering its intraction with the substrate. The strong interaction
between MWCNTSs and the enzyme is mediated by hydrophobic interactions involving
hydrophobic amino acids in enzymatic accumulation. This is likely due to the inherent
hydrophobicity of MWCNTSs. Following incubation of the NPs/B-gal/bacteria complex, bacteria
preferentially bind to the nanoparticle surface due to stronger electrostatic interactions
compared to the enzyme-NP interaction. Consequently, the enzyme desorbs from NPs and re-
attaches to the substrate, initiating substrate degradation. Notabley, MWCNTSs displayed
superior performance in this study. At equivalent concentrations and incubation time (15 min),
MWCNTSs enabled detection of bacteria at a very low concentration of 10 CFU/ml, whereas.
ZnO and SnO NPs required a minimum of 100 CFU/mL. Furthermore, the presence of bacteria
hindered enzyme-mediated substrate degradation. . Over time, the inhibitory effect of
nanomaterials on enzyme activity weakens, as evidenced by the increasing absorbance. ZnO and
SnO NPs possess several characteristics that make them suitable for biosensor applications,
including high surface-to-volume ratio, nontoxicity, good compatibility, chemical stability, and
efficient electron transfer. In contrast, carbon nanotubes boast an ultrahigh surface area,
exceptional mechanical strength, and outstanding electrical conductivity, which contribute to
their high reactivity and diverse applications. Most importantly, their ability to intract more
efficiently with both bacteria and enzymes significantly accelerates bacterial detection. In
conclusion, the prepared nanostructures facilitated rapid E. coli detection, as evidenced by the
short detection time and low bacterial concentration required for successful detection.
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Fig 1- X-ray diffraction patterns for ZnO NPs
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Table 3- Absorbance values of ONPG degradation via beta galactosidase
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Table 4- Results of B-Gal Activity Assay in the Presence of ZnO NPs
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Table 5- Results of B-Gal Activity Assay in the Presence of SnO NPs
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Table 6- Results of B-Gal Activity Assay in the Presence of pristine MWCNTSs
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Table 7- Results of B-Gal Activity Assay in the Presence of carboxyl functionalized MWCNTSs
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Table 8- Results of Bacteria detection using ZnO NPs
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Table 9- Bacteria detection using SnO NPs
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Table 10- Results of Bacteria detection using pristine MWCNTSs
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Table 11- Results of Bacteria detection using carboxyl functionalized MWCNTSs
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