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DESCRIPTION
Centrifugation is a widely used technique in laboratories and
industrial processes to separate substances of different densities
by applying centrifugal force. It has revolutionized the study of
biological, chemical, and physical properties of materials,
allowing for the isolation and purification of components with
precision. From clinical diagnostics to research in molecular
biology, centrifugation plays a vital role in many fields. This
article explores the principles, types, and applications of
centrifugation. Centrifugation is based on the principle that
when a sample is subjected to a high-speed rotating force,
particles of different sizes, shapes, and densities experience
different forces. The centrifugal force acts outward from the axis
of rotation, pushing denser particles to the bottom of the tube
(or the outer edge of the rotor). This results in the separation of
components based on their density. The force experienced by
the particles increases with the speed of rotation and the
distance from the centre. This is why high-speed centrifuges are
able to separate smaller particles or those with only slight
differences in density. Differential centrifugation is used to
separate components of a sample based on their size and density.
In this method, the sample is subjected to increasing speeds of
centrifugation, and particles settle at different rates. Larger,
denser particles will settle at lower speeds, while smaller, lighter
particles will require higher speeds to sediment. For example, in
the preparation of cell fractions, low-speed centrifugation can be
used to pellet whole cells, while higher speeds are employed to
separate organelles like nuclei, mitochondria, and ribosomes.
Density gradient centrifugation separates particles based on their
buoyant density, not just their size. A gradient of a dense
medium, such as sucrose or cesium chloride, is created in the
centrifuge tube. As the sample is centrifuged, particles migrate to
the point where their density matches that of the surrounding

medium. This results in the formation of discrete bands or layers 
of particles. This method is often used in molecular biology to 
separate different types of macromolecules like DNA, RNA, and 
proteins. For instance, in the separation of nucleic acids, a 
cesium chloride gradient can be used to separate DNA based on 
its buoyant density, allowing researchers to isolate plasmid DNA 
from genomic DNA. Ultracentrifugation refers to high-speed 
centrifugation, typically performed at speeds greater than 
100,000. It requires specialized equipment known as an 
ultracentrifuge.

Ultracentrifugation is used for the isolation of smaller cellular 
components such as ribosomes, viruses, and subcellular 
organelles like the endoplasmic reticulum or Golgi apparatus. 
This technique is also instrumental in the study of 
macromolecular structures, including the separation of proteins 
or lipoproteins in blood plasma. The ultracentrifuge’s high 
speeds and pressures allow it to separate particles of similar 
densities, making it a powerful tool for studying the behavior 
and properties of particles at the molecular level. Isopycnic 
centrifugation, or equilibrium density gradient centrifugation, is 
a variation of density gradient centrifugation where particles 
reach an equilibrium position within a gradient based on their 
density. Unlike in differential centrifugation, particles do not 
sediment continuously toward the bottom of the tube. Instead, 
they form bands at the points where their density matches that 
of the surrounding medium. Centrifugation is commonly used 
in clinical laboratories for blood sample analysis. It enables the 
separation of plasma or serum from blood cells, a process 
essential for many diagnostic tests. Blood samples are spun at 
varying speeds depending on the desired fraction. For example, 
in plasma separation, blood is usually centrifuged at low speeds 
to pellet blood cells, leaving plasma or serum in the supernatant.
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