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ABSTRACT

Bionanoscience is an interdisciplinary field that consolidates the standards of science and nanoscience. Using the tools and
methods of nanoscience, it involves studying biological processes at the nanoscale. In recent years, bionanoscience has emerged
as a promising field with the potential to transform numerous fields of science and technology. The realm of the extremely
small, with dimensions ranging from one to one hundred nanometers, is known as the nanoscale. At this scale, the properties
of materials can be emphatically not the same as those at bigger scopes. Nanoparticles, for instance, may possess distinctive
electronic, magnetic, and optical properties that make them useful in a variety of contexts. Additionally, many biological
processes, such as the movement of molecules across cell membranes, the structure of DNA, and the behavior of enzymes, take
place naturally at the nanoscale.

Bionanoscience is a relatively new interdisciplinary field that studies biological systems at the nanoscale by combining
engineering, physics, chemistry, and biology. The rapidly developing field of bionanoscience has resulted in significant
advancements in drug delivery, tissue engineering, biosensors, and molecular imaging. In this article, we will talk about the
various applications of bionanoscience research.
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INTRODUCTION

The fields of study known as bionanoscience include biomimetics,
nanobiology, and nanomedicine. In nanobiology, researchers
investigate the structure and function of biological molecules and
cells with the help of tools made from nanotechnology. This includes
examining the structures of proteins and other biomolecules with
nanoscale imaging tools like atomic force microscopy and electron
microscopy. In addition, researchers examine the behavior of
cells and tissues in real time using nanoscale sensors and probes.
Bionanoscience is being used to create new treatments for a variety
of diseases in nanomedicine [1]. Drugs can be delivered directly to
cancer cells or other specific cells in the body by nanoparticles that
have been designed to do so. With this strategy, treatments can
be more effective while having fewer side effects. Bionanoscience
is also being used to create brand-new diagnostic instruments like
nanoscale biosensors that can detect disease biomarkers in blood
samples [2].

Biomimetics is the study of using nanotechnology to imitate the
structure and function of biological systems. To develop new
materials with comparable properties, such as high strength and
elasticity, researchers, for instance, are examining the structure

of spider silk. In a similar vein, new optical materials that are
capable of manipulating light in novel ways are being developed by
analyzing the structure of butterfly wings [3].

TYPES OF BIONANOSCIENCE

Bionanoscience is a multidisciplinary field that investigates the
interactions between biological molecules and nanostructures
by combining the principles of biology, physics, chemistry, and
engineering. This new field, which has the potential to change
a lot of medicine, technology, and environmental science, has
received a lot of attention in recent years. The various subfields
of bionanoscience and their applications will be the subject of this
article [4].

Nanobiology and Nanoparticles

The study of biological systems and processes at the nanoscale is
known as nanobiology. Nanotechnology is used to learn about
the structure, function, and behavior of biological systems. The
interaction of biological molecules with nanoparticles is studied
using techniques like single-molecule spectroscopy, scanning
probe microscopy, and atomic force microscopy. Understanding
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biological processes like protein folding and the creation of new
diagnostic tools and therapies for diseases like cancer are two
examples of the applications of nanobiology [5].

The sizes of nanoparticles range from one to one hundred
nanometers. Applications like drug delivery and imaging make
use of these particles frequently. They can be loaded with drugs,
imaging agents, or other therapeutic molecules and designed to
target specific cells or tissues. Additionally, nanoparticles can be
used to shield delicate molecules from degradation and increase

drug solubility and bioavailability.
Nanomedicine and Molecular imaging

The use of nanotechnology in medicine is called nanomedicine.
Nanoscale materials and devices for disease diagnosis, treatment,
and prevention are being developed. Drugs can be delivered to
specific targets in the body, like cancer cells, using nanoparticles
without affecting healthy cells. They can also be used to take high-
resolution images of organs and tissues, allowing for early disease
detection. Nanomedicine has the potential to transform the
treatment of numerous diseases and enhance patients' quality of

life [6].

A method that uses imaging agents to see biological processes
at the molecular level is called molecular imaging. Molecular
imaging can be used to study disease progression and therapy
response monitoring. Nanoparticles, biomimetic materials, or
other molecules that bind to specific body targets are examples of
imaging agents.

Nanotoxicology and Synthetic biology

Nanotoxicology is the study of the toxic effects of nanoparticles
on biological systems. It involves the assessment of the potential
hazards and risks of exposure to nanoparticles. Nanoparticles can
have different properties than their bulk counterparts, and their
small size can allow them to penetrate cells and tissues, potentially
causing harm. The understanding of the toxicity of nanoparticles
is essential for the safe development and use of nanomaterials in
medicine, technology, and environmental science.

Synthetic biology is a field that combines engineering principles
with biology to create new biological systems or modify existing
ones. Synthetic biology can be used to design new drugs, develop
biosensors, or create new materials with unique properties [7].

Nanobiotechnology and Biomimetic materials

The integration of nanotechnology into biotechnology is called
nanobiotechnology. Nanoscale materials and devices, such as
biosensors, bioimaging agents, and drug delivery systems, are being
developed for use in biological systems. Nanobiotechnology can
possibly change numerous areas of biotechnology, for example,
quality treatment and tissue designing.

Materials that mimic natural biological systems are called
biomimetic materials. They can be used to coat medical devices or
make scaffolds for tissue engineering. In a controlled environment,
the behavior of cells and tissues can also be studied using
biomimetic materials [8].

Environmental Nanoscience and Biosensors
The study of how nanoparticles and their environment interact

is known as environmental nanoscience. It involves evaluating
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the effects of nanotechnology on the environment, as well as the
potential dangers and dangers of being exposed to nanoparticles in
the environment. There are a number of ways in which nanoparticles
can enter the environment, including air pollution and wastewater.
For safe development and application of nanomaterials in a variety
of fields, an understanding of their impact on the environment is
crucial [9].

Devices that detect biological organisms or molecules are known
as biosensors. They can be used to look for pathogens, toxins,
or disease biomarkers. Biosensors can also be used to detect
environmental pollutants and drug levels in the body [10].

CONCLUSION

Experts from engineering, physics, biology, and chemistry work
together in the highly interdisciplinary field of bionanoscience.
There are frequently reported new discoveries and applications
in the field, which is rapidly developing. Bionanoscience has
the potential to deepen our comprehension of the fundamental
principles of life and provide new insights into the nature of
biological systems in addition to its potential applications in
medicine and materials science. Thusly, a field is probably going
to keep on filling in significance before long. Bionanoscience is a
new, multidisciplinary field that has the potential to change many
areas of technology and science. It is anticipated that its impact
will grow in the coming years, and its applications range from
environmental science to medicine. The many different kinds of
bionanoscience that this article discusses are just a few examples
of the many different kinds of research that are being done in this
area.

The rapidly expanding field of bionanoscience has applications
in environmental science, biotechnology, and medicine. This
article discusses a variety of bionanoscience projects, highlighting
the field's interdisciplinary nature and potential to change how
diseases are diagnosed, treated, and prevented. It is likely that as
bionanoscience progresses, new technologies and applications will
emerge, expanding the exciting field's possibilities even further.

REFERENCES

1. Kermanizadeh A, Vranic S, Boland S, Moreau K, Baeza-Squiban A,
et al. An in vitro assessment of panel of engineered nanomaterials
using a human renal cell line: cytotoxicity, pro-inflammatory response,

oxidative stress and genotoxicity. BMC Nephrol. 2013; 14:96.

2. Chen R, Qiao J, Bai R, Zhao Y, Chen C. Intelligent testing strategy
and analytical techniques for the safety assessment of nanomaterials.

Anal Bioanal Chem. 2018; 410(24): 6051-6066.
3. Giannakou C, Park MV, Jong WHD, Loveren HV, Vandebriel

R]J, et al. A comparison of immunotoxic effects of nanomedicinal
products with regulatory immunotoxicity testing requirements. Int J

Nanomedicine. 2016; 11:2935-52.

4. Chen R], Chen YY, Liao MY, Lee YH, Chen ZY, et al. The Current
Understanding of Autophagy in Nanomaterial Toxicity and Its
Implementation in Safety Assessment-Related Alternative Testing

Strategies. Int ] Mol Sci. 2020; 21(7):2387.
5. Dusinska M, Tulinska J, El Yamani N, Kuricova M, Liskova A, et al.

Immunotoxicity, genotoxicity and epigenetic toxicity of nanomaterials:
New strategies for toxicity testing?. Food Chem Toxicol. 2017; 109(Pt
1):797-811.

6. Elespuru R, Pfuhler S, Aardema M], Chen T, Doak SH, et al.

Genotoxicity Assessment of Nanomaterials: Recommendations on


https://www.researchgate.net/publication/236336772_An_in_vitro_assessment_of_panel_of_engineered_nanomaterials_using_a_human_renal_cell_line_Cytotoxicity_pro-inflammatory_response_oxidative_stress_and_genotoxicity
https://www.researchgate.net/publication/236336772_An_in_vitro_assessment_of_panel_of_engineered_nanomaterials_using_a_human_renal_cell_line_Cytotoxicity_pro-inflammatory_response_oxidative_stress_and_genotoxicity
https://www.researchgate.net/publication/236336772_An_in_vitro_assessment_of_panel_of_engineered_nanomaterials_using_a_human_renal_cell_line_Cytotoxicity_pro-inflammatory_response_oxidative_stress_and_genotoxicity
https://www.researchgate.net/publication/323828995_Intelligent_testing_strategy_and_analytical_techniques_for_the_safety_assessment_of_nanomaterials
https://www.researchgate.net/publication/323828995_Intelligent_testing_strategy_and_analytical_techniques_for_the_safety_assessment_of_nanomaterials
https://www.researchgate.net/publication/304341196_A_comparison_of_immunotoxic_effects_of_nanomedicinal_products_with_regulatory_immunotoxicity_testing_requirements
https://www.researchgate.net/publication/304341196_A_comparison_of_immunotoxic_effects_of_nanomedicinal_products_with_regulatory_immunotoxicity_testing_requirements
https://www.researchgate.net/publication/340348915_The_Current_Understanding_of_Autophagy_in_Nanomaterial_Toxicity_and_Its_Implementation_in_Safety_Assessment-Related_Alternative_Testing_Strategies
https://www.researchgate.net/publication/340348915_The_Current_Understanding_of_Autophagy_in_Nanomaterial_Toxicity_and_Its_Implementation_in_Safety_Assessment-Related_Alternative_Testing_Strategies
https://www.researchgate.net/publication/340348915_The_Current_Understanding_of_Autophagy_in_Nanomaterial_Toxicity_and_Its_Implementation_in_Safety_Assessment-Related_Alternative_Testing_Strategies
https://www.researchgate.net/publication/340348915_The_Current_Understanding_of_Autophagy_in_Nanomaterial_Toxicity_and_Its_Implementation_in_Safety_Assessment-Related_Alternative_Testing_Strategies
https://www.researchgate.net/publication/319307527_Immunotoxicity_genotoxicity_and_epigenetic_toxicity_of_nanomaterials_New_strategies_for_toxicity_testing
https://www.researchgate.net/publication/319307527_Immunotoxicity_genotoxicity_and_epigenetic_toxicity_of_nanomaterials_New_strategies_for_toxicity_testing
https://academic.oup.com/toxsci/article/164/2/391/4986967

Nelson R. OPEN aACCESS Freely available online

Best Practices, Assays, and Methods. Toxicol Sci. 2018; 164(2):391- 9. Shatkin JA, Ong KJ. Alternative Testing Strategies for Nanomaterials:
416. State of the Science and Considerations for Risk Analysis. Risk Anal.

7. Pfuhler S, Elespuru R, Aardema MJ, Doak SH, Maria Donner E, et al. 2016; 36(8):1564-1580.
Genotoxicity of nanomaterials: refining strategies and tests for hazard 10. Amer OSO, Al-Malki ES, Waly MI, AlAgeel A, Lubbad MY. Prevalence
identification. Environ Mol Mutagen. 2013; 54(4):229-239. of intestinal parasitic infections among patients of King Fahd medical

8. Madannejad R, Shoaie N, Jahanpeyma F, Darvishi MH, Azimzadeh city in Riyadh region, Saudi Arabia: A 5-year retrospective study. ]
e g ™ o Jananbeyma t, Lar o L Parasitol Res. 2018;8076274.
M, et al. Toxicity of carbon-based nanomaterials: Reviewing recent
reports in medical and biological systems. Chem Biol Interact. 2019;

307:206-222.

J Nanomed Nanotechnol, Vol.14 Iss. 3 No: 665 3


https://academic.oup.com/toxsci/article/164/2/391/4986967
https://www.researchgate.net/publication/236071725_Genotoxicity_of_nanomaterials_Refining_strategies_and_tests_for_hazard_identification
https://www.researchgate.net/publication/236071725_Genotoxicity_of_nanomaterials_Refining_strategies_and_tests_for_hazard_identification
https://www.researchgate.net/publication/332797162_Toxicity_of_carbon-based_nanomaterials_Reviewing_recent_reports_in_medical_and_biological_systems
https://www.researchgate.net/publication/332797162_Toxicity_of_carbon-based_nanomaterials_Reviewing_recent_reports_in_medical_and_biological_systems
https://www.researchgate.net/publication/303845660_Alternative_Testing_Strategies_for_Nanomaterials_State_of_the_Science_and_Considerations_for_Risk_Analysis_Alternative_Testing_Strategies_for_Nanomaterials
https://www.researchgate.net/publication/303845660_Alternative_Testing_Strategies_for_Nanomaterials_State_of_the_Science_and_Considerations_for_Risk_Analysis_Alternative_Testing_Strategies_for_Nanomaterials
https://www.hindawi.com/journals/jpr/2018/8076274/
https://www.hindawi.com/journals/jpr/2018/8076274/
https://www.hindawi.com/journals/jpr/2018/8076274/

	Title
	Correspondence to
	ABSTRACT



