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ABSTRACT

This review investigates the rapid progress in fluorescent
biosensors field and their significant influences on analytical
chemistry applications. An electrical signal can be produced from a
biological reaction using an integrated receptor-transducer device
called a biosensor. Because there are so many uses for biosensors
in the medical field, including medication delivery, environmental
monitoring, water and food quality monitoring, and illness
detection, biosensor design and development have become a top
priority for scientists and researchers in the last ten years. In the
beginning, we started to explain the basic principles of
fluorescence. Then, we moved to discuss about the current
advancements, creative sensor designs, the fusion of materials
science and nanotechnology. The paper highlighted the sensitivity
of fluorescent biosensors by addressing a wide range of
applications, including biological research, environmental
monitoring, and medical diagnostics. Fluorescent biosensors are
incredibly versatile tools used for detecting various biological
elements, including viruses, bacteria, and other pathogens. They
work by using fluorescent dyes or quantum dots to signal the
presence of a specific molecule or microorganism. Two-
dimensional carbon nanomaterials have been commonly employed
in the field of biosensors to improve their sensitivity/limits of
detection and shorten the analysis time. These nanomaterials act as
efficient transducers because of their unique characteristics, such as
high surface area and optical, electrical, and magnetic properties,
which in turn have been exploited to create simple, quick, and low-
cost biosensing platforms. In this review, graphene and two-
dimensional carbon material-based fluorescent biosensors are
covered for the detection of different human viruses. This review
specifically focuses on the new developments in graphene and two-
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1. INTRODUCTION analytical tools that harness the properties of
fluorescence to detect and quantify specific

Fluorescent biosensors represent a class of biological targets or environmental conditions.
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These biosensors are widely used due to their
sensitivity, real-time monitoring capabilities, and
versatility in various fields such as diagnostics,
environmental monitoring, and basic research.
They typically consist of a fluorophore, which
emits light when excited, and a biorecognition
element that binds specifically to the target
molecule. Fluorescent biosensors offer a non-
invasive, highly selective method for detecting
biomolecules, providing a significant advantage
over traditional methods such as colorimetric
assays or enzyme-linked immunosorbent assays
(ELISA) [1].

Fluorescent biosensors are analytical tools that
combine the sensitivity of fluorescence detection
with the specificity of biological recognition
elements (e.g., antibodies, nucleic acids,
proteins) to monitor and measure biological or
chemical processes. These sensors are essential
for a range of applications, particularly in
molecular  biology, medical diagnostics,
environmental monitoring, and drug
development. Fluorescent biosensors operate on
the principle of detecting fluorescence changes
that occur when a fluorescent molecule
undergoes a transition due to binding to a
specific target or environmental change [2].

Biomolecules play important roles in maintaining
cell function and are dynamically regulated in
cellular systems. Understanding the dynamic
events and quantitative information of cellular
ions, signaling molecules, and metabolites is
crucial in revealing cellular functions in living
organisms. These biosensors are used for in vitro
detection, diagnosis of diseases, and real-time
detection of living cells. However, the
development of biosensors that detect important
biomolecules in living systems or various
biological processes remains challenging.
Genetically encoded biosensors using FPs have
been used to investigate the biological functions
of biomolecules [3,4].

Fluorescent biosensors can be classified based on
their design and the nature of the biomolecular
interaction they utilize. Common types include:

1. Fluorescent Proteins — Derived from
naturally occurring proteins, such as GFP
(green fluorescent protein) and its
derivatives.

2. Synthetic Fluorescent Probes — Organic
dyes or quantum dots that respond to
particular analytes.

3. FRET (Fluorescence Resonance Energy
Transfer)-based Sensors — These utilize
two fluorophores in close proximity,
where energy transfer occurs upon
binding.

4. Ratiometric Sensors — These involve
changes in the emission ratio of different
fluorophores when bound to the target.

This review aims to explore the principles behind
fluorescent biosensors, their diverse applications,
and emerging trends in the field.

2. PRINCIPLES OF FLUORESCENT
BIOSENSORS

The mechanism of fluorescent biosensors is
centered around the principle of fluorescence,
which involves the absorption of light by a
fluorophore and the subsequent emission of light
at a longer wavelength. In the context of
biosensors, fluorescence changes are typically
induced by:

1. Binding Event: The recognition of a
target molecule (e.g., ions, small
molecules, proteins) by a fluorescent
probe or biosensor leads to a
conformational change, altering the
fluorescence  properties  (intensity,
wavelength, or lifetime).

2. Environmental Changes: Factors such as
pH, temperature, or ionic strength can
also affect fluorescence emission,
allowing for dynamic environmental
monitoring.

3. Proximity-Based Interactions: In FRET-
based biosensors, energy transfer
between two fluorophores occurs when

National Press Associates. (2025). BIOSENSING WITH LIGHT: FLUORESCENCE — BASED DETECTION
METHOD. Research & Reviews in Biotechnology & Biosciences, 12(1), 33-38.

https://doi.org/10.5281/zenodo.15245195

34


http://www.biotechjournal.in/
https://doi.org/10.5281/zenodo.15245195
https://doi.org/10.5281/zenodo.15245195

Research & Reviews in Biotechnology & Biosciences
Website: www.biotechjournal.in

Volume: 12, Issue: 1, Year: 2025

DOI: https://doi.org/10.5281/zenod0.15245195

ISSN No: 2321-8681

Research Paper

PP: 33-38

Peer Reviewed Refereed Journal

Key components of fluorescent
include:

they are in close proximity, often in
response to a molecular interaction or
conformational change [5].

biosensors

Fluorophores: These molecules emit
light after absorbing photons. They must
be carefully chosen to ensure high
photostability, appropriate excitation and

emission wavelengths, and minimal
background interference.
Recognition  Elements: These are

biomolecules that specifically bind to the
analyte of interest. Examples include
antibodies, aptamers, peptides, or
enzymes.

Transducer: The transducer converts the
molecular interaction or  physical
property change into a measurable
fluorescent signal [6].

Recognition Elements: These biomolecules are
responsible for specific target recognition. They

include:

Antibodies: Proteins that bind

specifically to antigens.

Aptamers: Single-stranded
oligonucleotides that can fold into 3D
structures to bind specific targets.

Enzymes: Proteins that catalyze specific
reactions, often used in enzyme- based
biosensors.

Peptides: Short chains of amino acids
that can specifically bind target
molecules [7].

3. APPLICATIONS OF FLUORESCENT
BIOSENSORS

Fluorescent biosensors are employed in a broad
spectrum of fields due to their high sensitivity,
real-time measurement capabilities, and ease of
use. Some prominent applications include [8,9]:

1. Biological and Medical Diagnostics

o

Disease Biomarker Detection:
Fluorescent biosensors are used to detect
specific biomarkers of diseases such as
cancer, infections, and neurological
disorders. For example, sensors that
detect elevated levels of specific proteins
(e.g., C-reactive protein, HER2 in breast
cancer) are valuable for early diagnosis
and monitoring.

In Vivo Imaging: Fluorescent sensors are
used for non-invasive imaging in live
animals or humans to track cellular
processes, metabolic activities, or
disease progression.

2. Environmental Monitoring

@)

Water Quality and Toxicity Assessment:
Fluorescent biosensors are employed for
the detection of pollutants like heavy
metals, pesticides, or endocrine-
disrupting chemicals in environmental
samples.

Air Quality Monitoring: Sensors that
detect gases like CO,, NOx, or VOCs
(volatile organic compounds) often use
fluorescence-based techniques for real-
time air quality monitoring [8,10].

3. Food Safety

@)

o

Fluorescent biosensors are used to detect
foodborne pathogens, allergens, and
contaminants, ensuring safety in the food
supply chain.

Drug Discovery and Development

High-throughput Screening: Fluorescent
sensors are commonly used in drug
discovery for screening compounds that
interact with specific biological targets,
such as enzymes or receptors.

Mechanism of  Action Studies:
Fluorescent probes can be employed to
understand the mode of action of nemw
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drugs or to track their cellular uptake and
distribution.

5. Cell Biology and Protein-Protein Interactions

o Fluorescence-based methods like FRET
and Bioluminescence Resonance Energy
Transfer (BRET) are widely used to
study protein interactions and cellular
signaling pathways in real-time [11, 13].

6. Sensor Arrays and Multiplexing

o The development of
fluorescent biosensors enables
simultaneous  detection of multiple
analytes in a single assay, significantly
increasing throughput and efficiency
[12].

4. CHALLENGES AND LIMITATIONS

multiplexed

While fluorescent biosensors are incredibly
powerful, there are several challenges that need
to be addressed for their broader application:

1. Photobleaching and  Phototoxicity:
Prolonged exposure to excitation light
can cause fluorophores to lose their
ability to emit light, which limits their
use in long-term experiments, especially
in live cell imaging.

2. Background Noise and Interference: The
presence of autofluorescence from
biological samples or non-specific
binding can introduce noise, making it
difficult to accurately detect the target
signal.

3. Stability and Sensitivity: For clinical and
environmental applications, the
biosensors need to be highly stable and
capable of detecting low concentrations
of analytes in complex matrices without
significant signal degradation [14].

4. Complex Sample Matrices: Biological
and environmental samples often contain
a complex mix of substances, which may
interfere with the sensor’s performance.

Developing sensors that are both highly
specific and resistant to interference
remains a key challenge [15,16].

5. Cost and Accessibility: While the costs of
fluorescent  biosensors have  been
dropping, certain advanced biosensors,
especially those based on quantum dots
or custom-designed probes, can still be
expensive and not easily accessible to all
laboratories.

5. FUTURE DIRECTIONS

The field of fluorescent biosensors is rapidly
advancing, and several exciting trends are
emerging:

1. Nanomaterials and Quantum Dots:
Quantum dots and other nanomaterials
have superior optical properties, such as
high brightness, photostability, and the
ability to tune emission wavelengths.
These materials hold great promise for
improving  the  performance  and
multiplexing capabilities of biosensors.

2. Multiplexed and Wearable Sensors: The
development of portable, wearable, or
implantable fluorescent biosensors is an
exciting frontier. These devices could
provide real-time, continuous monitoring
of wvarious biomarkers in patients,
revolutionizing personalized medicine
and chronic disease management.

3. Single-Cell and
Analysis:  Advances

Single-Molecule
in microfluidics,

high-resolution imaging, and single-
molecule detection will enable the
development of ultra-sensitive
fluorescent  biosensors  capable  of
monitoring single cells or even
individual molecules.

4. Integration with Other Analytical
Techniques:  Combining  fluorescent

biosensors with other methods, such as
electrochemical sensors or  mass
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spectrometry, will allow for more
comprehensive analysis of biological
samples and environmental conditions.

5. Artificial Intelligence and Machine
Learning: Machine learning algorithms
can be employed to analyze the large
datasets generated by fluorescent
biosensors, improving the accuracy of
predictions, diagnostics, and real-time
monitoring.

6. CONCLUSION

Fluorescent biosensors represent a transformative
tool across many fields, enabling high-
throughput, sensitive, and specific detection of
biomolecules. Despite some existing challenges,
ongoing advances in nanomaterials, sensor
design, and computational analysis are likely to
enhance their performance and extend their
applicability. The future of fluorescent biosensors
holds significant  potential  for real-time
diagnostics, personalized medicine,
environmental monitoring, and other applications
that require precise molecular analysis.
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