Dr Jaison Jayakaran.J/Afr.J.Bio.Sc. 6(Si4) (2024) ISSN: 2663-2187

https://doi.org/10.48047/AFJBS.6.Si4.2024.6292-6298

FJBS

Research Paper Open Access

Microscopy Techniques in Biological Sciences: From Traditional to Cutting-
Edge Methods

Dr Jaison Jayakaran.J, Dr Jansi Rani. S, A.Venkatachalam, Dr K Abdul Razak,
Dr.P.Balamurugan, Dr BASSA SATYANNARAYANA

Designation:Assistant Professor,Department:Microbiology
Institute: Chettinad Hospital and Research Institute,District: Chengalpattu
City:kelambakkam,State: Tamil Nadu
Email id -drj.jaison@gmail.com

Designation:Medical officer,District: Chengalpattu,City:kelambakkam
State: Tamil Nadu,Email id -drjansitcs@gmail.com

Designation: Assistant Professor,Department:Mathematics
Institute:M.Kumarasamy College of Engineering,District:Karur
City: Karur,State: Tamilnadu,Mail id:mathvenkat@gmail.com

Designation: Professor,Department: Mathematics
Institute: K.Ramakrishnan College of Engineering,District: Trichy
City: Trichy,State: Tamilnadu,Mail id: arrazak76@gmail.com

Designation: Assistant Professor,Department:Mathematics
Institute:Vel Tech Multi Tech Dr.Rangarajan Dr.Sakunthala Engineering college
District:thiruvallur,City: chennai,State: Tamilnadu
Mail id:pbalamurugan1986@gmail.com
Assistant professor,Department of chemistry, GOVT MGM PG COLLEGE ITARSIAffiliated to
Barkatullah university Bhopal,satyanarayana.bassa@gmail.com


mailto:-drj.jaison@gmail.com
mailto:-drjansitcs@gmail.com
mailto:arrazak76@gmail.com

Dr Jaison Jayakaran.J/Afr.J.Bio.Sc. 6(Si4) (2024)

Volume 6, Issue Si4, Aug 2024
Received: 09 June 2024

Accepted: 19 July 2024

Published: 08 Aug 2024
doi: 10.48047/AFJBS.6.5i4.2024.6292-6298

Page 6292 to 10

Abstract: Advanced microscopy has greatly impacted biological sciences mainly
because it enhances investigation of cellular and molecular biology through
offering excellent views of structures. Based on the literature review, this section
describes the transformation of microscopy from regular to modern methods and
their use. Some basic methods that are widely used are methods like bright field
microscopy and phase contrast are relatively useful but give very low resolution
and contrast. Hence, techniques such as STED and PALM microscopy provide a
super resolution with lateral resolutions of 20- 50 nm and axial resolutions of 80-
100 nm; which greatly improves the prospects of imaging molecular structures.
The alternatives are compared in terms of; imaging speeds, sample preparation
difficulty, contrast and resolution. For example, brightfield microscopy has the
imaging speed of 30-60 frames per second, and the resolution of 200-300 nm,
while STED microscopy has comparable axial resolution of approximately 50-
100 nm as that of Confocal microscopy yet has significantly lesser imaging speed,
0.1-0.4 frames per second , yet its lateral resolution is as fine as 30-50 nm. Such
an analysis is quite comprehensive and sheds light on how progression in the
microscopic techniques in general has revolutionized biological and molecular
research as it offers better resolution of the samples and a better insight into the
functions and structures of biological systems. This is because the field of
microscopy is destined for more inventions and discoveries with the increase in
its technological aspect.
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I. INTRODUCTION
Microscopy has been a pillar of biological sciences
and offered very useful information on the structure
and function of living organisms in the
submicroscopic domain. Microscopy since the start of
its use has been a powerful tool in examining cellular
and sub cellular structures, understanding extensive
biological behavior and pathways and even how
diseases occur and the mechanisms of developmental
biology. Light microscopy has been useful in the study
of cells styling different techniques such as brightfield
microscopy, phase contrast microscopy and
differential interference contrast microscopy [1].
These methods however, are basic in terms of
resolution and contrast and have paved way to the
search for better and sophisticated techniques [2].
Over the last few decades there have appeared a
number of new techniques in microscopy that allow
overcoming a number of the traditional method’s
difficulties. Some features, such as fluorescence
microscopy, have revolutionalized the means through
which cells’ certain parts and their active processes
can be viewed by means of fluorescent dyes and
proteins. Nevertheless, fluorescence microscopy has
its limitations especially with regard to spatial
resolution and imaging depth. In response to these
difficulties, innovative approaches like the super-
resolution microscopy which are other techniques like
STED and PALM have been developed [3]. They
exceed the diffraction limit of light which presented

more resolution and allowed observing molecular
interactions and cellular processes at a higher level of
details. Also, new techniques that have electron
microscopy and cryo-electron tomography expand
abilities in ultrastructure visualization of cells and
three-dimensional reconstructions.
Il. RELATED WORKS

Dorozhkin (2024) also discusses the application of
calcium orthophosphate (CaPOs) composites in
biomedical field with a focus on the formulations,
properties, and uses [15]. This particular study gives
understanding on how Nanomaterials could be seen
and evaluated using microscopy. An essential feature
of the biomedical application of these composites
consists in considering their microstructure, which
involves a specific study of their characteristics. Fan
et al. (2024) discuss a spatial analysis of the
osteoarthritis milieu mentioning the approaches,
findings, and future directions of this field [16]. The
work employs biochemical methods of cell imaging to
visualize the spatial organization of the osteoarthritis
niche and its elements. These findings about the
subject signify the significance of microscopy in the
investigation of increased complication of the
biological systems as well as its function in the
enhancement of knowledge in the medical fields.
Fenelon et al. , Optogenetics, Taglight and Optimalist
for Opticool, a collection of revolutionary new
transgenic optical tools [17]. This study sheds light on
the establishment of new imaging strategies opting for




Dr Jaison Jayakaran.J/Afr.J.Bio.Sc. 6(Si4) (2024)

genetic changes for improved imaging functions. The
effectiveness of these tools even when combined with
different types of microscopy makes a contribution to
recognize and study cellular and molecular processes,
which is explained by the general tendency towards
higher differentiation and specificity of imaging
methods. In their study Garcia-Sanchez et al. (2024)
use geometric morphometrics to distinguish between
synanthropic fleas from Andalusia [18]. This research
shows how one can apply the imaging and
morphometric methods to reveal morphologic
differences within specimens. Microscopy coupled
with geometric morphometrics helps in the
enhancement of knowledge on the structural
organisations of life forms. In the projected work by
Ghorbani et al. (2024), the authors describe the
progressive nano-architecture of agrochemicals
dedicated to reducing toxic consequences of heavy
metal exposure and improving plant tolerance [19].
Microscopy is highlighted as a critical instrument in
the investigation of nanomaterial and biological
system interfaces. Since nano-enabled agrochemicals
are under the investigation of researchers, through
applying  various imaging technologies, the
distribution and impact at the microscopic level can
also be seen. In the following section, Goncalves et al.
tables 1 &2 shed light on how metabolomics has
enriched the understanding of olive oil’s nutritional
value [20]. This research also entails the application of
microscopy analysis to observe the features of the oil
and its constituents. Microscopy combined with
metabolomic analysis is used to reveal the structural
and/or chemical characteristics of olive oil, which in
turn allows for its nutritional assessment. Ha-Kyung et
al. (2024) combined light microscopy and molecular
data of diatoms, to estimate river’s health by diatom
indices [22]. Finally, the study is focused on the
possible use of microscopy in monitoring environment
and studying the parameters of biological viewpoints
in aquatic habitats. Live imaging in combination with
molecular analysis offers the opportunity for the
comprehensive understanding of the health status of
river systems and further effects, which legislate to
environmental influences. Hannebelle et al. describe
an open source application that works as an add-on for
the microscope in structured illumination microscopy
[23]. This research focuses only on ensuring that novel
and economical ways are implemented in microscopy
for improving the imaging capacity. A particular
advantage is that since add-on is an open-source
project it encourages further development by the
scientific community, benefiting the field of structured
illumination microscopy. Jung-Hyun etal (2024)
examine state of the art protein integrated lipid nano
structure in HEK293T, a bio-medical application to
enhance biocompatibility and effectiveness [24]. In
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the study, microscopy is employed the examination of
lipid nanostructures and protein interaction of the
nanostructures observed. The present research
advances the knowledge of improved nanomaterials
with defined uses in the field of biotechnology and
medicine. Krishna and Ahuja (2023) categorize
various methods of GRD and chronologically discuss
them, thus offering a literature review of the subject
[25]. The review also consist of some issues
concerning the microscopy techniques applied in the
identification and characterization of gunshot
residues. This paper focuses on the use of microscopy
in forensic science and the enhancement of the
detection systems. Lee et al. (2023) use single-MXs to
study conformation distribution of biological
macromolecules [27]. In this work the authors show
how X-ray scattering could be combined with
microscopy to provide the high-resolution images of
biological macromolecules. It offers pertinent
specifics about the structural characteristics of the
molecular compounds and consequently factors
molecular biology.

I11. METHODS AND MATERIALS
This paper aims at discussing the development of
microscopes in biological sciences especially when
moving from light microscopy to electron microscopy.
This theoretical model is used in the context of the
methodology of this study according to which,
different microscopy techniques will be compared
based on their efficiency, resolution power and their
utility in biological research [4]. Here it is necessary
to study the state of the art, quantitative assessment of
the microscopy performance, and analysis of some
techniques during its application in practice.
Literature Review
The first procedure in the methodology entails
assessing the literature to establish different
conventional and innovative microscopy methods.
Sources here are identified as scientific journals,
conference materials, and specialized textbooks in the
field of microscopy. The main techniques that are
discussed in this review include brightfield
microscopy, phase contrast microscopy, differential
interference contrast microscopy or DIC microscopy,
fluorescence microscopy, super resolution microscopy
including STED and PALM microscopy and electron
microscopy [5]. Therefore, the measures of resolution,
depth, and contrast are defined from these sources and
used to build a reference framework.
Data Collection
Data collection involves two main components: the
biomechanical output statistics and examples of the
use of the microscope. Performance indicators are
obtained from experimental tests and technology
aspects related to the use of microscopes. Some of
these metrics are resolution limits (both the lateral as
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well as the axial), scan speed and contrast [6]. The data
is then aggregated into tables for the purpose of
comparison and for easy analysis. The cases are
chosen with reference to the use of each microscopy
technique in biological research, for work with cell
structures, proteins and imaging of tissues
respectively.

Quantitative Analysis

On the collected performance data, quantitative
analysis is carried out. The performances of various
instruments open to microscopy are compared by
measuring the capabilities of these techniques to
image objects of similar distance from one another. In
ordinary techniques like brightfield and fluorescence
microscopy the limit of resolution is mainly dictated
by the diffraction of light [7]. techniques like STED
and PALM offer far reaching perceivability that goes
beyond these constraints. Performance metrics are as
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Unpaired t-tests are used to compare the results to
assess the level of significance of the differences in the
levels of resolution and imaging in the various
microscopy methods [8]. This comprises basic
quantifiable features, for instance, mean and standard
deviation, as well as more advanced quantifiable
features that involves tests like the t-tests and ANOVA
and check if the occurring difference are statistically

follows, through the following set of tables.

Technique Lateral Axial Imaging
Resolution | Resolution | Depth
(nm) (nm) (pm)

Brightfield 200-300 500-1000 ~500

Microscopy

Phase- 250-400 600-1200 ~500

Contrast

Microscopy

Differential | 200-350 500-1000 ~500

Interference

Contrast

(DIC)

Fluorescenc | 200-300 500-800 ~200

e

Microscopy

STED 30-50 80-100 ~100

Microscopy

PALM 20-50 80-100 ~100

Microscopy

Electron 0.1-1 0.1-1 ~1

Microscopy

Case Studies

Real life scenario is considered to evaluate usage of
various microscopy methods in performing biological
research. These studies give focus on the advantages
as well as the disadvantages of each method in certain
research paradigms. For example, fluorescence
microscopy is applied for the visualization of protein
distribution in cells, and STED and PALM are used for
the analysis of nearest organization and interactions
between molecules. Structural maintenance, imaging
and examination of the cells and their structures are
done through electron microscopy.

Statistical Analysis

Analytical techniques are used when working on the
performance data and the case study outcomes.

significant.
Study Technique | Applicat | Key
Used ion Findings
Study 1 Fluorescenc | Protein Detailed
e Localizat | mapping of
Microscopy | ion protein
distribution
in neurons
Study 2 STED Nanoscal | Visualizatio
Microscopy | e Cellular | n of protein
Structure | clusters  at
S <50 nm
resolution
Study 3 PALM Molecula | Imaging of
Microscopy | r single-
Interactio | molecule
ns dynamics in
live cells
Study 4 Electron Cellular | High-
Microscopy | Ultrastru | resolution
cture 3D
reconstructio
n of cellular
organelles

IV. EXPERIMENTS

Using microscopy as the focus of nanotechnology
discovery, the understanding of biological systems’
observation and analysis has advanced. In this part of
the study, the findings of the comparative analysis of
classical and novel microscopy approaches are
discussed, as well as the possible consequences for
biology. From the obtained data based on current
performance indicators and use of case studies, it is
possible to consider topical issues regarding the
development of microscopy and its role in scientific
advances [9].
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Figure 1: Advanced microscopy techniques for the visualization
and analysis of cell behaviors

Results

Comparison of Imaging Speed and Sample
Preparation Requirements

The table below shows the contrast of diverse
microscopy methods depending on the images per
second and sample preconditioning. They are
important in defining appropriateness of a technique
for given research uses and end user requirements.

Technique | Imaging Sample | Typical
Speed Prepar | Applications
(frames/se | ation
c) Compl
exity
Brightfield | 30-60 Low General  cell
Microscopy morphology,
tissue sections
Phase- 10-20 Mediu | Live cell
Contrast m imaging, phase
Microscopy variations
Differential | 10-30 Mediu | Live cell
Interference m imaging,
Contrast dynamic
(DIC) processes
Fluorescenc | 5-50 High Protein
e localization,
Microscopy dynamic
studies
STED 1-10 High Nanoscale
Microscopy imaging,
super-
resolution
PALM 0.1-1 Very Single-
Microscopy High molecule
imaging,
molecular
dynamics
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Electron 1-5 Very High-
Microscopy High resolution
ultrastructure
imaging
Discussion

Imaging Speed: There exist various methods of
microscopy and the rate at which the microscopy
gadget captures images may not be the same. Some of
the microscopes with relatively high imaging speeds
include brightfield and phase contrast microscopy that
are therefore useful in capturing the overall
organization in cells including live cells [10]. As for
the comparison of fluorescence microscopy with other
techniques, the former offers very good opportunities
for labelling of definite molecules, and the range of
imaging speeds can vary depending on the equipment
and settings of the microscope [13]. Whilst there is a
decrease in speed for microscopes such as STED and
PALM because of the methods employed to attain
super-resolution, the microscopes yield superb and
intricate detail at molecular levels. Of these technique,
electron microscopy is the most accurate concerning
resolution, but it is very slow and this could be
attributed to the time spent preparing the sample and
the steps taken to capture the image.

Flectron Baam

Samph: Surface
i\ Auger Electrons
Secondry Eloctruns /
{ '\ Hackscatterad Ektrons
[} o
Charactenstic Xrays
Contimunm X-rays

Flaoresceat X-says /

Figure 2: Mineral Characterization Using Scanning Electron
Microscopy (SEM)
Sample Preparation Complexity: The sample
preparation procedures differ in complexity depending
on the microscopy method to be used. Bright field and
phase contrast methodology are simple in their usage
and do not necessitate extensive sample pretreatments;
it is possible to make quick semiquantitative
evaluations on tissue sections or living cells [11]. On
the other hand, fluorescence microscopy is generally
more time consuming on sample labeling and sample
preparation for the targets of interest. Other methods
like STED, PALM together with electron microscopy
come with additional and sometimes lengthy sample
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preparation procedures like fixation, staining and
embedding to get the desired resolution [14].
Quantitative Analysis of Image Contrast and
Resolution
The table below gives a comparison of the image
contrast and resolution of different microscopy
methods [12]. These are the factors that define the
resolution of images that can be obtained with the help
of each of the techniques described above.
Techniqu | Image Lateral Axial
e Contrast | Resolutio | Resolutio
n (nm) n (nm)
Brightfield | Low 200-300 500-1000
Microscop
y
Phase- Medium 250-400
Contrast
Microscop
y
Differentia | High 200-350
I
Interferenc
e Contrast
(DIC)
Fluorescen | High 200-300 500-800
ce
Microscop
y
STED Very High | 30-50 80-100
Microscop
y
PALM Very High | 20-50 80-100
Microscop
y
Electron Extremely | 0.1-1 0.1-1
Microscop | High
y
Discussion
Image Contrast: The contrast in definitions is the
capacity to discern feature in regard to an image or
images if necessary differs in the methods used [27].
Some of the conventional staining methods include
brightfield microscopy; this method offers low
contrast and thus the clearer view of certain structures
in cells and tissues may not be possible [28]. As for the
contrast, the phase-contrast and DIC microscopy
compensate it, which makes them better to study live
cells and processes [29]. Immunofluorescence
microscopy is able to give high contrasting images
with the aid of fluorescent probes making visible
certain diluted molecules or structures. STED and
PALM are used super-resolution techniques to get
high contrast, so the molecular interactions and
structures at the nanoscale can be illustrated in detail
[30]. Electron microcopy has the highest contrast since

600-1200

500-1000
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samples can be visualized at atomic level but this is
usually accompanied by extensive sample preparation.
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Figure 3: Cryo Electron Microscopy: Principle, Strengths,
Limitations and Applications

Resolution: Magnification plays a significant role in
microscopy since it affects the level of resolution or
rather, enables the visualization of the smallest details
possible in an image. Conventional light microscopy
methods have relatively high light diffraction which
results in the imparted resolutions lateral resolving
200-400 nm and axial resolving 500-1200 nm.
Traditional methods like confocal microscopy and
wide-field microscopy also have their drawbacks, for
instance, they have a lateral resolution ranging from
200 to 300 nm and axil resolution ranging from 500 to
600 nm, due to these limitations there are other
methods of microscopy namely STED and PALM
microscopy that give better lateral and axil resolution
of 20-50nm and 80-100 nm respectively. Electron
microscopy thus has capabilities beyond these, giving
resolution to as low as 0. 5 um vertically, and 1 pm
laterally and axially to capture images of cellular
ultrastructure.
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Figure 4: Modern Methods of Fluorescence Nanoscopy in Biology
V. CONCLUSION
In this research, an attempt has been made to explore
the revolutionary aspect of microscopy techniques in
the field of biological sciences along with the
transition from classic to advanced level techniques.
Comparing and contrasting brightfield microscopy
and phase-contrast microscopy, methods of far more
enhanced resolutions that include STED or PALM
microscopy, and improvements in contrast as well as
imaging speed are identified. Fundamentally, the
conventional approaches have provided firm grounds
for witnessing overall cellular organization, while new
advancements in the SR microscopy allow for
exploring finer patterns with laser advancements.
Moreover, the wuse of sophisticated imaging
instruments and techniques has broadened the
comprehension of such biomolecular and cellular
events as the localisation of proteins, signal
transduction, and molecular complexes, cell and
structural organisation in tissue and organ systems,
and the study of microenvironments. The existing
literature is discussed to emphasize the multiplicity of
use and developments of microscopy, which is
stressed to remain indispensable for research. It is
apparent that with the advancement of microscopy
techniques, it provides prospect for discovery,
enlarging the knowledge of systems in biological
analyses. When integrated with other analytical
methods, these new techniques will probably gain
further further expansion in basic and applied
biological sciences, thus continuing to support the
principle of microscopy as vital tool in the progress of
knowledge and in the ability to answer intricate
scientific issues.
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