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1 INTRODUCTION 

Chromatography has played a maJor role m the recent advances made m our 
understandmg of the mechanisms mvolved m the synthesis and metabolism of 
proteins. This role has always had two faces On the one hand, liquid chro- 
matography provides a rapid, sensitive and very selective method of analysis 
of protems [ 1 ] On the other hand, it permits the isolation or the purification 
of most protem samples m the range of production most convenient for bio- 
chemistry or pharmaceutical studies, between a few nanograms and a few kil- 
ograms [l-15] This part has always been very important, because m viva 
assays are often required to ascertain that the proper protem has been identi- 
fled and is analyzed 

Recent breakthroughs m genetic engineering and the rapid development of 
the biotechnologies have made possible the synthesis and recovery of the spe- 
cific genes codmg for a given protem and the clonmg of these genes in micro- 
organisms, mamly bacterias, m order to engineer enzymes and other proteins 
m host organisms m which they do not normally exist Unfortunately, these 
hosts are most generally unable to excrete the protems they are programmed 
to manufacture and they store them inside then cells, from which they have to 
be freed and recovered [ 16-181 The cells can be harvested from the cultures 
and lyzed A complex mixture contammg fragments of cell membranes and 
orgamtes, together with the host cell natural proteins and nucleic material and 
the coveted proteins is recovered Performing separations and purifications of 
biopolymers from these crude products on a process scale is one of the greatest 
challenges facmg the biotechnologists who are attempting to brmg the labo- 
ratory results to fruition m the world of practical apphcations [8,19] 

The task is made all the more complicated by the severe requirements of the 
regulatory agencies who demand extremely low trace levels of the residual ma- 
terial of bacterial origin Furthermore, defective protem molecules origmatmg 
from malfunctions of the overloaded cell machinery must be ehmmated also 
Finally, there are no two proteins ahke Some are highly hydrophilic, other 
hydrophobic, some are basic, other acidic, some are extremely stable, other 
very sensitive to mmor changes m their environment Some are individual 
molecules, other agglomerates Their molecular mass span nearly two orders 
of magnitude Accordmgly, methods which give satisfactory results with some 
proteins can absolutely not be used with others Thus, very powerful separa- 
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tion methods must be used, and these methods must be easily adapted to changes 
m the nature of the product involved [ 20-231. Liquid chromatography has long 
been used for the analysis of protein mixtures [ 241. It provides the separation 
power and the flexibility required, but suffers from a serious drawback which 
must constantly be kept in mind when developing new application methods. 

The biological activity of a protein molecule characterizes one specific con- 
former and disappears completely for apparently minor changes m the confor- 
mation It depends essentially on the integrity of its three-dimensional struc- 
ture, which, itself, is dependent on the chemical composition and the physical 
properties of its environment (such as the possible presence of an organic sol- 
vent and its nature, the types of buffer solution, ionic strength, pH, etc ) Pro- 
tein molecules are usually tightly coiled chains, kept stable by bridges and 
mteractions between side-groups. The structure tends to minimize the hydro- 
phobiclty of the groups or parts of the molecule at the outside (i e., in contact 
with a saline solution) and to maximize the mteractions between the hydro- 
phobic groups placed inside the molecule. Physlco-chemical mteractlons be- 
tween a protem molecule and other chemical entities, especially the solid sur- 
face of a stationary phase, whether adsorption is the mam retention mechanism 
or not, is susceptible to trigger an isomerizatlon process which munmlzes the 
free energy of the system When the protein molecule returns m solution, it is 
not m the same conformation as when it was inJected and has suffered total or 
near total loss of its biological activity. This change can be spontaneously re- 
versible, m which case the separation scientist does not care. If it is not, and if 
the transformation of the Inactive conformer into the active one, by proper 
refoldmg, does not take place or is too slow, the separation process mvestigated 
cannot be used for preparative purposes [ 251. So-called “soft” mteractlons, 
mcludmg the use of stationary phases exhibitmg surfaces whose chemical 
properties are closely similar to that of the protein exterior surface or to water 
(peptides, polyether chains, polyols, sugars or polysaccharides, etc.), of polar 
solvents (water, light alcohols) and of soft ions is therefore recommended. 
Because of the variety and complexity of the problems which may arise, and 
because of the huge differences in nature and behavior between proteins, no 
one separatron method or combination of techniques may be expected to work 
well with all biopolymers. At any rate, an ideal method of blopolymer isolation 
should be able to give high-purity material with a high production rate and a 
good recovery yield, which includes total conservation of their blologcal activity 

High-performance liquid chromatography (HPLC) is the only separation 
method which meets all these different requirements It is rapid and efficient 
and it has been possible to develop phase systems which do not cause excessive 
degradation of protems. It has been widely used for analytical separations Its 
preparative and process applications are undergoing rapid development for the 
isolation and purification of peptides [ 1,26-301 and proteins [ 31-361 

The intense pace of the current development of the applications of prepa- 
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11 SUMMARY 

The basrc drfferences between the problems encountered m the development 
of the analytrcal and preparatrve apphcatrons of high-performance liqurd chro- 
matography are analyzed and the prmcrples of optrmrzatron of a preparatrve 
separation outlmed The apphcatron of these prmcrples to the purrficatron of 
peptrdes and proteins are drscussed wrth emphases on the specrfic problems 
raised by the separatron of high-molecular-mass compounds The relatrve ad- 
vantages and mconvemences of drsplacement and overloaded elutron are pre- 
sented The apphcatlons of the varrous retention modes of lrqurd chromato- 
graphy (Ion exchange, reversed-phase adsorptron, hydrophobrc mteractrons, 
size exclusron and bloaffmlty ) to the separatron of various peptrde and protem 
mrxtures and/or to the extractron and purrficatron of some of these compounds 
are reviewed Separatron performance reported rn the literature are summa- 
rized m table form 
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