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SUMMARY

Microparticulate non-polar stationary phases, such as octadeeyl-silica offer a
rapid and efficient means for the separation of peptides and amino acids by highperformance liquid chromatography. Retention is attributed to hydrophobic interaction between the solutes and the hydrocarbonaceous functions covalently bound to
the stationary phase surface. Consequently the species are eluted in the order of increasing hydrophobicity. Various peptide mixtures were analyzed by using gradient
elution with increasing acetonitrile concentration in the eluent and monitoring the
column effluent at 200 or 210 nm with an UV detector. The separation of angiotensins
and enzymic digest of polypeptides illustrates the speed of the method which can be
used to assay the purity of peptide hormones such as cc-melanotropin and gramicidin
or to analyze the composition of reaction mixtures involving peptides. The efficiency
of the method is superior to that obtained on the conventionally used ion-exchanger
columns, except for hydrophilic ammo acids and peptides that are poorly retarded.
Nevertheless, with a suitable ionic surfactant in the mobile phase, non-polar stationary
phases can be used for the separation of these species as well.

INTRODUCTION

The adsorption of amino acids and peptides on charcoal was first investigated
by Abderhalden and Fodor’, and this non-polar sorbent was widely used in the chromatographic separation of such species in the fortiesz4. The subsequent deve!opment
of ion-exchange chromatography s*6,however, largely reduced the significance of all
other liquid-solid chromatographic techniques in this particular field. Commercially
available amino acid analyzers equipped with ion-exchange resin columns and a
niuhydrin reactor have been widely used not only for the analysis of amino acids, but
also for that of small peptides ‘. Large peptides have usually been separated on weak
ion exchangers, such as carboxymethylcellulose8, by gel fiitrationg, or by bioa&nity
cluomatographylo. Although major efforts were made to advance gas cbromatography for the analysis of amino acids and small peptides”, ion-exchange chromatography has remained the preeminent chroxnatographic technique.
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Recent progress in high-performance liquid chromatography (HPLC) has
revived the interest in non-polar stationary phases. In fact, the presently most widely
used chromatographic technique, which is often referred to as “reversed-phase”
chromatography, employs silica gel with covalently bound hydrocarbonaceous functions, such as octadecyl moieties, as the stationary phase. In the course of our research to apply this type of chromatography to the separation of polar biological
substances’2-‘5, we found that with recently available high-efficiency columns, the
technique is eminently suitable for the rapid separation of complex peptide mixtures
and shows promise as a tool for amino acid analysis.
In this report we wish to illustrate the speed and efficiency of “hydrophobic”
chromatography in the separation of amino acids and peptides. The use of hydrocarbonaceous stationary phases is not only convenient and yields reproducible results,
but under proper conditions may also facilitate the estimation of retention behavior
from “hydrophobicity” of the solutes, which are available from the literature.
EXPERIMENTAL

Apparatus

A Perkin-Elmer Model 601 high-pressure liquid chromatograph with a
Schoeffel FS-770 variable-wavelength UV detector and a Schoeffel FS-970 fluorescence
detector was used. The sample was introduced by using a Siemens high-pressure injection syringe with a lo-$ needle or with a Rheodyne Model 7105 sample injection
valve.
Coilirllns

Preliminary experiments were carried out with home-made and commercial
5- and IO-Drn octadecyl-silica columns. Most of the results presented here were obtained with 5-pm LiChrosorb RP-18 columns, 25 cm x 4.6 mm I.D. x 6.4 mm
O.D., No. 316 stainless steel In some experiments 5-pm LiChrosorb RP-8 columns
of the above dimensions, but with octyI-sihca packing instead of octadecyl-silica,
were also employed. Both LiChrosorb columns were supphed by Rainin Instruments
(Boston, Mass., U.S.A.).
Operating conditions

The flow-rate and column temperature were in most experiments 2.0 ml/mm
and 70”, respectively. Isocratic elution was carried out with 0.1 M phosphate buffer,
pH 2.1 or 0.6 M perchloric acid, pH 0.2, without organic solvent in the eluent. In the
gradient elution mode the above phosphate buffer and acetonitrile were used as the
starting eluent and the gradient former, respectively, with the precautionary measures
described previously”. Reagent grade chemicals (Fisher, Pittsburgh, Pa., U.S.A.) and
“distilled-in-glass” grade acetonitrile (Burdick and Jackson Labs., Muskegon, Mich.,
U.S.A.) were used exclusively_ Distilled water was prepared with a Bamstead distilling
unit in our laboratory_
The shapes of the gradients employed in this study are shown in Fig. 1 by
plots of the concentration of organic solvent in the eluent at the column inlet as a
function of time for different eluent gradients from water with methanol as the gradient former. The data were obtained by replacing the column with a short capillary
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CONCLUSIONS

This study clearly demonstrates that HPLC with non-polar stationary phases
can be used for the rapid and efficient analysis of peptides. This technique appears
to be superior to chromatography
on ion-exchanger
columns which have conventionally been used for peptide separation.
Owing to the diverse architecture
and
zwitterionic nature of the amino acid and peptide molecules, it is likely that their
separation can be accompIished
on non-polar stationary phases under a variety of
conditions with respect to the pH, the buffer and organic solvent composition of the
eluent as well as to the column temperature.
Consequently, low eluent pH and high
column temperature
may represent only one useful set of chromatographic
conditions. Gradient elution may not be required for the separation of peptides having
Nevertheless, it has extensively been used in this invest’igasimilar “hydrophobicities”.
tion when the composition
of the mixture was not known or when rhe solutes had
wide ranging hydrophobicities.
As illustrated, the method can be used for conveniefitly measuring the purity
of peptides. Thus, it facilitates the monitoring of reactions for the synthesis and
chemical modification of peptides. The technique also allows a rapid separation of
the degradation products of polypeptides and proteins. It has a potential as an additional physico-chemical
tool in the study of the structure and conformation
of
peptides. With appropriate sample preparation and a suitable detection system the
method could be readily adapted to analyze peptide hormones in biological samples.
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