
Salting in and salting out of 
proteins

BCH 332 lecture 3 and 4
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• Proteins show a variation in solubility depending on their solution 
ionic environments. 

• These frequently complex effects may involve either specific 
interactions between charged side chains and solution ions, 
particularly at high salt concentration.
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Salting in

• The effects of salts such as sodium chloride on increasing the 
solubility of proteins is often referred to as salting in. The salting in
effect is related to the nonspecific effect the salt has on the ionic 
strength.  When low concentrations of salt is added to a protein 
solution, the solubility increases. This could be explained by the 
following:

• Salt molecules stabilize protein molecules by decreasing the 
electrostatic energy between the protein molecules which increase 
the solubility of proteins.
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Salting out

• When the ionic strength of a protein solution is increased by adding 
salt, the solubility decreases, and protein precipitates. This could be 
explained by the following:

• The salt molecules compete with the protein molecules in binding 
with water.

• Many globular proteins precipitate out at very low ionic strengths or 
in pure water. This happens because different proteins are able to 
interact favorably leading to formation of a complex. When this 
complex formation is extended between many protein molecules, it 
can lead to protein precipitation.
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• Some salts, such as high concentrations of ammonium sulfate, have 
general effects on solvent structure that lead to decreased protein 
solubility and salting out. In this case, the protein molecules tend to 
associate with each other because protein-protein interactions 
become energetically more favorable than protein-solvent 
interaction. Proteins have characteristic salting out points, and these 
are used in protein separations in crude extracts.

• The most effective region of salting out is at the isoelectric point of 
the protein because all proteins exhibit minimum solubility in 
solutions of constant ionic strength at their isoelectric points.
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• The salt commonly used is ammonium sulfate because:

• Its large solubility in water.

• Its relative freedom from temperature effects.

• It has no harmful effects on most of the proteins.

• Note: the amount of salt needed to isolate a specific protein is 
determined from the salt's fractionation table.

6



• Most proteins are less soluble at high salt concentrations, an effect 
called salting out. 

• The salt concentration at which a protein precipitates differs from one 
protein to another. Hence, salting out can be used to fractionate 
proteins. For example, 0.8 M ammonium sulfate precipitates 
fibrinogen, a blood-clotting protein, whereas a concentration of 2.4 M 
is needed to precipitate serum albumin.

• Salting out is also useful for concentrating dilute solutions of 
proteins, including active fractions obtained from other purification 
steps.
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Salting in / Salting out

Salting IN

• At low concentration the  added 
salt increases the solubility of 
charged molecules because 
screens out charge-charge 
interaction.

• Low salt prevents aggregation 
and therefore precipitation of 
molecules.

Salting OUT

• At high concentration the salt 
competes with the water 
molecules needed to solvate the 
macromolecules.

• High salt removes the solvation
sphere from the protein and 
they precipitate.
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Dialysis & Filtration
Lecture 4
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• Originally cheese cloth was used for filtration.

• Paper filters of controlled sizes followed.

• Cellulose acetate, nitrocellulose and fiberglass matrix are used.
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Nitrocellulose Filters and Membrane Filtration

• They are made up of a close network of nitrocellulose fibers (some 
are mixtures of cellulose nitrate and cellulose acetate).

• Belong to class screen filters (particles are on the surface).

• Because of small pore size and surface tension liquids do not pass 
easily through this filter and so a suction is applied.

• To avoid clogging filters are used with a thick paper or fiberglass 
“prefilter” is used.
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• Nitrocellulose filters are hydrophobic and so detergents are used.

• They are brittle and so small amounts of glycerol is used.
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Fiberglass Filters

• Network of glass fibers.

• They have strength and ability to retain particles of small size and are 
relatively thick.

• Belong to class depth filters- Thick.

• Particles are trapped within the matrix.

• Advantages- high flow rate, great capacity before clogging, resistance 
to solvents, can be heated, low cost.
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Filtration with Nitrocellulose and Fiberglass 
Filters
• 1. Clarification of solutions- Remove bacteria, dust and fine 

precipitates.

• Some proteins, viruses adsorb to nitrocellulose and so the filter must 
be pretreated with 0.1%BSA in water.
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• 2. Collection of precipitates for counting radioactivity- separate 
radioactive molecules from nonradioactive molecules,  concentrate 
samples to small volume.

• 3. Media transfer for growing bacteria – used to remove bacteria by 
nitrocellulose filters and animal cell using fiberglass filters.
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Nitrocellulose filters in binding assays

• Bind proteins and single-stranded DNA under certain conditions.  This 
is used for enzymatic and physiological assays.

• a) Purification of covalently closed circular DNA- DNA is treated with 
alkali hydrogen bonding is destroyed and single strand separate.  The 
strands however DNA is a covalently closed circle the strands are 
physically entangled.   
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• If alkali treated and neutralized DNA is passed through a 
nitrocellulose filter at high ionic strength, only double stranded 
covalent circles will pass and single strands will bind to the filter and 
can be purified.
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• b) Assay of mRNA-The poly A tail of mRNA binds to millipore filters.

• Other RNAs don’t.

• Used to purify mRNA.
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• If washed filter is heated above the melting temperature for DNA.RNA 
hybrid, RNA will be released.
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• C) Assay of proteins that bind double stranded DNA-
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• D) Detection of antigen-antibody interactions.

25



Polycarbonate Filters

• Made of continuous sheet of very thin polycarbonate in which 
cylindrical holes are made by bombardment with nuclear particles.

• Thin flexible, transparent and wettable.

• Small surface area.

• Advantages- Less adsorption

• Uses- /sterilizing protein and virus suspensions.
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Polycarbonate Filters
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dialysis
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• Separates dissolved molecules by their size.

• Diffusion is the random, thermal movement of molecules in solution 
(Brownian motion) that leads to the net movement of molecules from 
an area of higher concentration to a lower concentration until 
equilibrium is reached.
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Dialysis- Principles
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• Only small molecules diffuse through the colloidion membrane. 

• At equilibrium, the concentration of small molecules is the same 
inside and outside the membrane. 

• Macromolecules remain in the bag.
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• The only two variables in this method are: 

• The type of membrane (most common are cellophane & cellulose)

• The size of pores or the molecular weight cut off. 

• Ratio of higher to lower concentration of the molecule on the two 
sides of membrane.

33



Dialysis
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Advantage of dialysis

1. Dialysis is still in use today for it is very simple and is still the only 
way to deal with large-volume samples. 

2. proves to be the most accurate method available. 

3. inexpensive and easy to perform.
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Disadvantage of dialysis

• Slow process several hours for completion, and thus, has been 
replaced by gel filtration for most applications.
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Reverse dialysis

• Used to concentrate substances.
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Molecular filtration
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