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Sedimentation

• When particles are forced through a solution, they 
experience resistance to movement which depends on 
properties of the particle such as mass, shape and 
density and properties of the solvent such as its 
temperature, viscosity, density and composition. 

• A commonly-used experimental format where this 
occurs is sedimentation in a centrifugal field which is 
also called centrifugation. 

• This can be used as a preparative strategy to separate 
complex mixtures present in biological samples. 

• Alternatively, it can also be used analytically to 
determine the mass, shape or density of particles.

2



• If a solution of large particles is allowed to stand, 
then the particles will tend to sediment under the 
influence of gravity.

• For a given particle the rate or the velocity at 
which it sediments is proportional to the force 
applied so that the particles sediment more 
rapidly when the force applied is greater than the 
gravitational force.

• The basis for centrifugation is to exert a larger 
force than does the earth’s gravitational field thus 
increasing the rate at which particles sediment.
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• Particles that differ in density, shape or size 
can be separated because they sediment at 
different rates in the centrifugal field each 
particle sedimenting at a rate that is directly 
proportional to the applied centrifugal field.
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Types of Centrifugation Techniques

• Preparative centrifugation techniques are 
concerned with the actual separation, 
isolation and purification of whole cells, 
subcellular organelles, plasma membranes, 
polysomes, ribosomes, chromatin, nucleic 
acids, lipoproteins and viruses for subsequent 
investigation.
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• Analytical Centrifugation Techniques are 
devoted mainly to the study of pure or 
virtually pure macromolecules.  They are 
concerned primarily with the study of the 
sedimentation characteristics of biological 
macromolecules and molecular structures.

7



Principle
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• This equation relates RCF to RPM.

• Centrifuged particles migrate at rate that 
depends on mass, shape and density of the 
particle and density of the medium.
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• The sedimentation coefficient is defined as 
the ratio of a particle’s sedimentation velocity 
to the acceleration applied to it. 

• The sedimentation coefficient is expressed as 
Svedberg unit.
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• The more massive particle tends to move 
faster than a less massive one.

• The denser particle moves faster than a less 
dense one.

• The denser the solution the more slowly a 
particle will move.

• The greater the frictional coefficient, the more 
slowly the particle moves.
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Instrumentation for Centrifugation
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Low Speed Centrifuges
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High Speed Centrifuge

• For sensitive biochemical operations.

• High speed and temperature control chamber 
are essential.

• Temperature is maintained at 40C.
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Ultracentrifuge

• Most sophisticated and used for analytical and 
preparative work.

• Because of enormous heat generated, the 
rotor chamber is refrigerated and placed in 
vacuum to avoid friction.
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Preparative Ultracentrifuges

• Produce centrifugal field of 600000 g.

• The rotor chamber is refrigerated, sealed 

26



Analytical Ultracentrifuges

• Speed up to 70000 rpm (500000 g).

• Consist of rotor which is refrigerated.

• Optical system to observe the sendimenting
material.
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Analytical Ultracentrifugation

• Analytical ultracentrifugation is the study of the behavior of 
macromolecules in solution under the influence of a strong 
gravitational force.

• Most macromolecules have a different density from the 
solvent surrounding them and so will sink (or float) in a strong 
enough field. 

• Observations of dynamic behavior ("sedimentation velocity") 
or of systems in equilibrium ("sedimentation equilibrium") can 
provide information about size, shape, density and 
conformational changes in proteins and other 
macromolecules. 

• The technique can be applied to materials ranging in size from 
peptides to viruses and living cells. 28



Applications of Analytical 
Ultracentrifugation

• Determination of protein homogeneity in solution (or a 
mixture of forms, e.g. monomer/dimer or aggregates).

• Determination of conformational changes associated 
with oligomerization or binding of another component

• Determination of molecular weights or subunit 
stoichiometry (monomer, dimer, trimer etc) in solution 
using sedimentation equilibrium. 

• The analytical ultracentrifuge provides information 
about the oligomeric state of a protein and is more 
accurate than gel filtration.
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