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CHAPTER |

Theory and fundamental aspects
of isoelectric focusing

1.1. Introduction

Electrophoretic mobility has long been used as basis for separating
and characterising proteins. The resolving power of conventional
electrophoresis is limited, however, and characterisation by mobility
is not unique because of its dependence on the composition. pH and
ionic strength of the medium. The development of isoelectric focusing
(IEF) represents a major advance in the field of electrophoretic separa-
tions of proteins and other amphoteric substances. Isoelectric focusing
is essentially an equilibrium electrophoretic method for segregating
amphoteric macromolecules according to their isoelectric points in
stable pH gradients. The method offers unique advantages for both
analytical and preparative procedures.

Isoelectric focusing has now been refined to the point where one
can display all components whose isoelectric points differ by as little

" as 0.01 pH unit. Such exquisite resolution is not normally obtainable

by other procedures based on charge separations such as electro-
phoresis or ion exchange chromatography. With these latter methods,
specially tailored conditions usually have to be devised for particular
separations. By contrast, the built-in resolution of IEF allows the
separation in a single experiment of all components with meuasurably
different isoelectric points. IEF is, therefore, a more definitive tech-
nique for examining charge heterogeneity and is particularly suitable
for differentiating closely related molecules. By the same token, 1EF

Solipec s fnde s p. 38T
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342 ISOELECTRIC FOCUSING

is also a rigorous test of homogeneity. In addition, because molecules
are concentrated during separation by IEF, the technique lends itself
to preparative as well as analytical purposes. Finally, IEF defines an
important parameter, the isoelectric point (pl), which gives informa-
tion about the composition of macromolecules and also allows a
rational approach to other experimental manipulations.

The principle of IEF is outlined in Fig. 1.1. A stable pH gradient
increasing progressively from anode to cathode is established by
electrolysis of carrier ampholytes in a suitable anticonvective liquid
medium. When introduced into this system, a protein or other
amphoteric molecule will migrate according to its surface charge in

Cathode (-)

_____ i

®
e |- @@ -~ Y|
®

el |---

U Protein Protein Protein Kl H
1 2 3

Anode (+)

Fig. 1.1 Principle of IEF. Three amphoteric molecules, represented as pl,. pl, and pl;.

migrate to their respective isoelectric points in a stable pH gradient generated by

electrolysis of carrier ampholytes in an anticonvective medium. Each species will

eventually reach an equilibrium zone where its net electrical charge is zero, i.e. its pl
(Courtesy of LKB Produkter AB).
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the electric field. Should its initial charge be positive, it will migrate
towards the cathode into regions of higher pH. As it does so, the mol-
ecule will gradually loose positive charges and gain negative charges,
e.g. through deprotonation of carboxyl or amino functions. Eventually,
it will reach a zone where its net electrical charge is zéro, ie. its pl.
Should the molecule migrate or diffuse away from its pl, it will develop
a net charge and be repelled back to its pl. Thus by countering back
diffusion with an appropriate electrical field, a protein or other
amphoteric macromolecule will reach an equilibrium position where
it may be concentrated into an extremely sharp band. As might be
expected, the degree of separation of two ampholytes is a function,
among other parameters, of the slope of the pH gradient in which they
are focused. The shallower the pH gradient, the better is the separation
(Fig. 1.2). This principle is discussed more fully later (§1.3.6).

IEF was originally developed as a preparative technique. Frac-
tionations were conducted in sucrose density gradients which served
as an anticonvective medium to stabilize the pH gradient and focused
protein zones. Experiments were usually performed in column volumes -
of 110 or 440 ml and usually required 24 days to reach equilibrium.
These systems were, however, rather expensive in time and required
careful standardization. They also suffered from some practical
problems arising from isoelectric precipitation and excessive diffusion
during elution of the column in the absence of the electrical field.
Finally, sample detection was laborious and often difficult. Conse-
quently, these early systems were not convenient for routine analytical
procedures. Fortunately, many of the problems inherent in IEF in
sucrose density gradients have now been overcome with the use of
- more suitable anti-convective media such as polyacrylamide gel or
Sephadex beds. With these media many of the potential advantages of
IEF for high resolution separations of amphoteric substances can be
realised. The methodology for IEF in gels has now been fairly well
standardized for both analytical and preparative procedures. Lastly,
IEF in gels is a remarkably forgiving technique in which a minimum
of technical skill and effort is amply rewarded in the quality of the

fractionations achieved.
Subject index p. .‘787



