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Biomolecules are purified using chromatography techniques that separate them according todifferences in their specific properties, Ion exchange chromatography
separates biomolecules according to differences in their net surface charge.
Ion-exchange chromatography can be defined as the reversible exchange of ions between a liquid phase and solid phase (ion-exchange resin).Ion-exchange chromatography is commonly used to separate charged biological molecules such as protein, peptides and amino acids.
An Ion exchange chromatography medium comprises a matrix of spherical particles substituted with ionic groups that arenegatively or positively charged. The matrix is usually porous to give a high internal surfacearea. The medium is packed into column to form a packed bead. The bead is then equilibrated with buffer which fills the pores of the matrix and the space in between the particles.
Cationic ion-exchange resin normally contain a sulphonic acid, phenolic hydroxyl, carboxylic acidas active group, Carboxymethyl cellulose is a common cationic ion-exchange resin, positively charged solutes will bind to the resin, the strength of attachment depending on the net charge of the solute at the pHof the column.
Anionic ion-exchange resin contain amine group as active group,anion exchange resins contain bound positive functional groups,anion exchange resins are used to fractionate negatively charged proteins in a mixture, a common anionic ion-exchange resin, DEAE (Diethyl amino ethyl) - Cellulose for separation of negatively charged solutes.
The appropriate resin for a particular purpose will depend on various factors:
1- Bead size.
2- Pore size.
3- Diffusion rate.
4- Resin capacity.
5- Range of reactive groups.
In ion-exchange chromatography, proteins are separated based on differences in the magnitude of their charges at a given pH, So-called cation exchange resins are used to fractionate positively charged proteins in a mixture,and these resins contain bound negative functional groups.
With both techniques proteins having the same net charge as the resin move through the column relatively quickly. Proteins with a net charge that is opposite to that of the resin are retained, and ultimately are released by adjusting the pH or salt concentration of the elution buffer. 
Depending on the pH, protein may carry a net positive charge, a net negative charge, or no charge, the pHof which a molecule has no net charge is called its isoelectric point (pI).
 In a buffer with a pH greater than the pI of the protein, the protein will carry a net negative charge; there for a positively charged anion exchange resin is chosen to capture the desired protein.In a buffer with a pH lower than the pI of the protein, the protein will carry a net positive charge, thus a negatively charged cation exchange resin is chosen.
If ananion exchange resin is chosen, all protein that an negatively charged at the loading buffer pH will bind to the positively charged column resin, after loading an impure protein sample onto anion-exchange chromatography column, the column is washed to removed un desired proteins and other impurities, and then protein(s) of interest is eluted using rather a salt gradient or a change in pH.
Protein with few charged groups will elute at low salt concentration, whereas protein with many charged groups will have greater retention time and elute at high salt concentration.
The protein will elute when the pH gradient reaches their pI, because will no longer carry a net charge that allows there to interact with the column resin.
To elute proteins from an anion exchange resin, a decreasing pH gradient is chosen, while an increasing pH gradient is chosen for elution from cation exchanger.
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the column usually decreases with column length. And as
the length of time spent on the column increases, the
resolution can decline as a result of diffusional spreading
within each protein band. As the protein-containing solu-
tion exits a column, successive portions (fractions) of this
effluent are collected in test tubes. Each fraction can be
tested for the presence of the protein of interest as well as
other properties, such as ionic strength or total protein
concentration. All fractions positive for the protein of
interest can be combined as the product of this chromato-
graphic step of the protein purification.

WORKED EXAMPLE 3-1 ion Exchange of Peptides

A biochemist wants to separate two peptides by ion-
exchange chromatography. At the pH of the mobile
phase to be used on the column, one peptide (A) has a
net charge of —3, due to the presence of more Glu and
Asp residues than Arg, Lys, and His residues. Peptide B
has a net charge of +1. Which peptide would elute first
from a cation-exchange resin? Which would elute first
from an anion-exchange resin?

Solution: A cation-exchange resin has negative charges
and binds positively charged molecules, retarding their
progress through the column. Peptide B, with its net
positive charge, will interact more strongly than peptide
A with the cation-exchange resin, and thus peptide A
will elute first. On the anion-exchange resin, peptide B
will elute first. Peptide A, being negatively charged, will
be retarded by its interaction with the positively charged
resin.

Figure 3-17 shows two other variations of column
chromatography in addition to ion exchange. Size-
exclusion chromatography, also called gel filtration
(Fig. 3-17b), separates proteins according to size, In this
method, large proteins emerge from the column sooner
than small ones—a somewhat counterintuitive result.
The solid phase consists of cross-linked polymer beads
with engineered pores or cavities of a particular size.
Large proteins cannot enter the cavities and so take a
shorter (and more rapid) path through the column,
around the beads. Small proteins enter the cavities and
are slowed by their more labyrinthine path through the
column. Size-exclusion chromatography can also be
used to approximate the size of a protein being purified,
using methods similar to those described in Figure 3-19.

Affinity chromatography is based on binding
affinity (Fig. 3-17¢). The beads in the column have a
covalently attached chemical group called a ligand—a
group or molecule that binds to a macromolecule such
as a protein. When a protein mixture is added to the
column, any protein with affinity for this ligand binds to
the beads, and its migration through the matrix is
retarded. For example, if the biological function of a
protein involves binding to ATP, then attaching a mol-

ecule that resembles ATP to the beads in the column
creates an affinity matrix that can help purify the pro-
tein. As the protein solution moves through the column,
ATP-binding proteins (including the protein of interest)
bind to the matrix. After proteins that do not bind are
washed through the column, the bound protein is eluted
by a solution containing either a high concentration of
salt or free ligand—in this case, ATP or an analog of
ATP. Salt weakens the binding of the protein to the
immobilized ligand, interfering with ionic interactions.
Free ligand competes with the ligand attached to the
beads, releasing the protein from the matrix; the protein
product that elutes from the column is often bound to
the ligand used to elute it.

Chromatographic methods are typically enhanced
by the use of HPLC, or high-performance liquid
chromatography. HPLC makes use of high-pressure
pumnps that speed the movement of the protein mole-
cules down the column, as well as higher-quality chro-
matographic materials that can withstand the crushing
force of the pressurized flow. By reducing the transit
time on the column, HPLC can limit diffusional spread-
ing of protein bands and thus greatly irnprove resolution.

The approach to purification of a protein that has not
previously been isolated is guided both by established
precedents and by common sense. In most cases, several
different methods must be used sequentially to purify a
protein completely, each method separating proteins on
the basis of different properties. For example, if one step
separates ATP-binding proteins from those that do not
bind ATP, then the next step must separate the various
ATP-binding proteins on the basis of size or charge to
isolate the particular protein that is wanted. The choice
of methods is somewhat empirical, and many strategies
may be tried before the most effective one is found. Trial
and error can often be minimized by basing the new pro-
cedure on purification techniques developed for similar
proteins. Published purification protocols are available
for many thousands of proteins. Common sense dictates
that inexpensive procedures such as salting out be used
first, when the total volume and the number of contami-
nants are greatest. Chromatographic methods are often
impractical at early stages, because the amount of chro-
matographic medium needed increases with sample size.
As each purification step is completed, the sample size
generally becomes smaller (Table 3-5), making it feasible
to use more sophisticated (and expensive) chromato-
graphic procedures at later stages.

Proteins Can Be Separated and Characterized
by Electrophoresis

Another important technique for the separation of pro-
teins is based on the migration of charged proteins in an
electric field, a process called electrophoresis. These
procedures are not generally used to purify proteins,
because simpler alternatives are usually available and
electrophoretic methods often adversely affect the
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