» Assignment: different types of
microscope

1. Light microscope

e Types of light microscope:
. Brightfield (unstained specimen).
. Brightfield (stained specimen).
. Differential-interference-contrast.
. Fluorescence.
. Confocal.
. Deconvolution.
. Super-resolution.
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Brightfield (unstained specimen). Light
passes directly through the specimen.
Unless the cell is naturally pigmented or
artificially stained, the image has little
contrast. (The first four light micrographs
show human cheek epithelial cells; the
scale bar pertains to all four micrographs.)
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IBrightfieId (stained specimen).

|Staining with various dyes enhances contrast.
|Most staining procedures require that cells be
ifixed (preserved), thereby killing them.
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Phase-contrast. Variations in density within
the specimen are amplified to enhance
contrast in unstained cells; this is especially
useful for examining living, unpigmented cells.
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Differential interference contrast
(Nomarski). As in phase-contrast microscopy,
optical modifications are used to exaggerate
differences in density; the image appears
almost 3-D.

Ll aad%d ¢ Gl jgaall A A LS o
¢ AU & CladEAY) 3 (adaial) Aalliall 4y padl
Al AN Uy 55 gl gl

(%1 CamScanner


https://v3.camscanner.com/user/download

5|Page

Fluorescence. The locations of specific molecules
in the cell can be revealed by labeling the molecules
with fluorescent dyes or antibodies; some cells have
molecules that fluoresce on their own. Fluorescent
substances absorb ultraviolet radiation and emit
visible light. In this fluorescently labeled uterine cell,
nuclear material is blue, organelles called mitochon-
dria are orange, and the cell’s “skeleton” is green.
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Confocal. The top image is a

standard fluorescence micrograph of
fluorescently labeled nervous tissue
(nerve cells are green, support cells

are orange, and regions of overlap are
yellow); below it is a confocal image of the
same tissue. Using a laser, this “optical
sectioning” technique eliminates
out-of-focus light from a thick sample,
creating a single plane of fluorescence in
the image. By capturing sharp images at
many different planes, a 3-D reconstruc-
tion can be created. The standard image
is blurry because out-of-focus light is
not excluded.

Deconvolution. The top of this split
image is a compilation of standard
fluorescence micrographs through the
depth of a white blood cell. Below is an
image of the same cell reconstructed
from many blurry images at different
planes, each of which was processed
using deconvolution software. This
process digitally removes out-of-focus
light and reassigns it to its source,
creating a much sharper 3-D image.
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Super-resolution. On the top is a
confocal image of part of a nerve cell,
using a fluorescent label that binds to a
molecule clustered in small sacs in the
cell (vesicles) that are 40 nm in diameter.
The greenish-yellow spots are blurry
because 40 nm is below the 200-nm
limit of resolution for standard light
microscopy. Below is an image of the
same part of the cell, seen using a new
super-resolution technique. Sophisti-
cated equipment is used to light up indi-
vidual fluorescent molecules and record
their position. Combining information
from many molecules in different places
“breaks” the limit of resolution, result-
ing in the sharp greenish-yellow dots
seen here. (Each dot is a 40-nm vesicle.)

2. Electron microscope

e Types of electron microscope:

1. Scanning electron microscope (SEM).
2. Transmission electron microscope (TEM).

Scanning electron microscopy (SEM). Micrographs taken with a scan-
ning electron microscope show a 3-D image of the surface of a specimen.
This SEM shows the surface of a cell from a trachea (windpipe)
covered with cell projections called cilia. Electron micrographs
are black and white but are often artificially colorized to
highlight particular structures, as has been done with both
electron micrographs shown here.
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Cilia

Cross section
of cilium
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Transmission electron
microscopy (TEM).

A transmission electron
microscope profiles a thin
section of a specimen. This
TEM shows a section
through a tracheal cell,
revealing its internal
structure. In preparing the
specimen, some cilia were
cut along their lengths,
creating longitudinal
sections, while other cilia
were cut straight across,
creating cross sections.
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1. Detailed study of the topography 1. Used to study the internal
of specimen structure of cells
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2. It needs very thin section of the
2. 2.Specimen is coated by thin specimen.
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3. The specimen has been stained
with atoms of heavy metals,

3. Give 3D image. which attach to certain cellular
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Both use electromagnets as lenses to bend the paths of the electrons.
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* QOrganelles can't be seen with standard light microscopy because of the
resolution barrier of it, so to see them the electron microscope was introduced
to biology.
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= The electron microscope (EM) focuses a beam of electrons through the
specimen or onto its surface.
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= Resolution is inversely related to the wavelength of the light (or electrons) a
microscope uses for imaging, and electron beams have much shorter
wavelengths than visible light.
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= Modern electron microscopes can theoretically achieve a resolution of about
0.002 nm, though in practice they usually cannot resolve structures smaller
than about 2 nm across, still, this is a 100-fold improvement over the standard
light microscope.
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= The light microscope offers advantages, especially in studying living cells.
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= A disadvantage of electron microscopy is that the methods used to prepare the
specimen kill the cells .
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= Specimen preparation for any type of microscopy can introduce artifacts,
structural features seen in micrographs that do not exist in the living cell.
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= Labeling individual cellular molecules or structures with fluorescent markers
has made it possible to see such structures with increasing detail.
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* |n addition, both confocal and deconvolution microscopy have produced
sharper images of three-dimensional tissues and cells.
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= A group of new techniques and labeling molecules developed in recent years
has allowed researchers to “break” the resolution barrier and distinguish
subcellular structures even as small as 10—20 nm across. This super-resolution
microscopy is becoming more widespread.
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= Microscopes are the most important tools of cytology, the study of cell
structure.
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= Understanding the function of each structure required the integration of
cytology and biochemistry, the study of the chemical processes (metabolism)of
cells.
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= Cell fractionation: A useful technique for studying cell structure and function,
which takes cells apart and separates major organelles and other subcellular
structures from one another.
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= Technique:
v" Cells are homogenized in a blender to break them up. The resulting mixture
(homogenate) is centrifuged using a centrifuge which spins test tubes holding
mixtures of disrupted cells at a series of increasing speeds.
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v’ At each speed, the resulting force causes a subset % :

of the cell components to settle to the bottom of Centfuged a
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Centrifugation

of the tube are called supernatant. S -
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= At lower speeds, the pellet consists of larger
components, and higher speeds result in a pellet with smaller components.
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= Cell fractionation enables researchers to prepare specific cell components in
bulk and identify their functions, a task not usually possible with intact cells.
For example, on one of the cell fractions, biochemical tests showed the
presence of enzymes involved in cellular respiration, while electron
microscopy revealed large numbers of the organelles called mitochondria.
Together, these data helped biologists determine that mitochondria are the
sites of cellular respiration. Biochemistry and cytology thus complement each
other in correlating cell function with structure.
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