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DESCRIPTION

Centrifugation is the separation of biological particles such
as cells, viruses, subcellular organelles, macromolecules
(mostly proteins and nucleic acids), and macromolecular
complexes using centrifugal forces created in a rotating rotor
(such as ribonucleoproteins and lipoproteins). Differential
pelleting, rate-zonal centrifugation, and isopycnic
centrifugation are the three basic separating procedures.
The first two methods generally separate particles based on
size, whereas isopycnic centrifugation separates particles
based on density. The type of centrifugation process used
is determined by the composition of the particles, and
multiple separation techniques are frequently necessary.

Membrane fractionation, for example, frequently comprises
differential pelleting to obtain an enriched fraction from
a cell homogenate, followed by isopycnic centrifugation
to obtain pure fractions. Differential centrifugation, also
known as differential pelleting, is the most basic type of
centrifugation separation. Particles of varying densities or
sizes will settle at different speeds in a suspension, with
the larger and denser particles sedimenting faster. Using
centrifugal force, these sedimentation rates can be increased.
A suspension of cells subjected to increasing centrifugal
force cycles will result in a series of pellets containing
cells with a slower sedimentation rate. Varying densities or
sizes of particles will sediment at different speeds, with the
largest and most dense particles sedimenting first, followed
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by the less dense and smaller particles.

Differential pelleting is often used to extract cells from
tissue homogenate or to produce crude subcellular fractions.
If a rat liver homogenate comprising nuclei, mitochondria,
lysosomes, and membrane vesicles is centrifuged at low
speed for a brief time, the larger and denser nuclei will
be pelleted. Particles of the next smaller order of size
(e.g., mitochondria) will be pelleted by centrifugation at
a higher centrifugal force, and so on. For a typical tissue
homogenate, more than four differential centrifugation
cycles are uncommon.

Differential centrifugation suffers from contamination
and low recovery due to the heterogeneity of biological
particles. Resuspension and centrifugation procedures can
be repeated to address contamination by different particle
types (i.e., washing the pellet).

Cross-contamination  of  particles  with  differing
sedimentation rates can be avoided in rate-zonal
centrifugation by stacking the sample as a narrow zone on
top of a density gradient. As a result, unlike differential
centrifugation, the quicker sedimenting particles are not
polluted by the slower particles. The narrow load zone, on
the other hand, limits the volume of sample that may be
accommodated on the density gradient (usually 10%). The
gradient provides a medium with increasing density and
viscosity, which helps to stabilise the bands. The sample is
laid out in a narrow layer.

The gradient provides a medium with increasing density
and viscosity, which helps to stabilise the bands. A thin
zone of sample is overlaid on top of a density gradient.
Particles move at varying speeds under centrifugal force,
depending on their mass.

Instead of density, the size and mass of particles determine
how quickly they settle. Zones containing particles of
similar size form as the quicker sedimenting particles
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move ahead of the slower ones as the particles in the band
migrate down through the density medium. Because the
density of the particles is larger than the density of the
gradient, if centrifuged long enough, all of the particles
will eventually form a pellet.

Particles are separated exclusively on the basis of their
density in isopycnic separation, also known as buoyant
or equilibrium separation. Particle size only impacts the
pace at which particles move until their density equals
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that of the gradient medium around them. The gradient
medium’s density must be higher than that of the particles
to be separated. No matter how long the particles are
centrifuged, they will never settle to the bottom of the tube
using this procedure. Particles travel until their density
is the same as the surrounding medium, starting with a
homogeneous combination of sample and density gradient
under centrifugal force.
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