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SUMMARY 

A bonded tripeptide (r.-valyl-L-phenylalanyl-r.-valine) phase has been used as 
a stationary phase in liquid chromatography. Unique retention orders and retention 
variations are shown for phenylthiohydantoin (PTH) derivatives of amino acids and 
isomeric dipeptides using acidic and basic mobile phases. It is shown that the 25 PTH- 
amino acids studied here have different capacity ratios when 1 o/0 citric acid in water 
(ea. pH 2-5) is used as the mobile phase. The analysis time for these amino acid 
derivatives could he shortened without a loss in the resolution by adding 5 % methanol 
to the above mobile phase. Of particular importance is the fact that the basic amino 
acids are eluted first, Isomeric dipeptides have been resolved by using deionized water 
(pH 5.5), and 1 y0 sodium citrate in water (pH ‘7.9), as mobile phases. The data show 
that the nature of the mobile phases, the pH, and the ionic strength are the important 
factors affecting the selectivity and efficiency of the separations of amino acids and 
dipeptides. 

INTRODUCTION 

Bonded stationary phases have increased the versatility of high-pressure liquid 
chromatography (HPLC), and they are now used routinely to achieve various sepa- 
rations. Tailor-designed bonded phases have the added advantage of selectivity for 
a desired class of compounds. The development and growth of affinity chromato- 
graphy is one example of the power and the utility of chromatographic specificity. 

A great deal of effort has been directed at the separation of amino acids, pep- 
tides, and their derivatives; see, for example, the recent reviews by Dey11e2. These 
solutes have been separated by gas chromatography (GC), ion exchange, thin-layer 
chromatography and HPLCsz4. 

Specific solute-stationary phase interactions should be selective and thus 
should enhance the resolution. The study described here has been concentrated on 
designing a peptide bonded phase for the specific HPLC separation of amino acids 
and peptides. Peptides as stationary phases have been used in GC, among others, by 
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Gil-Av and by Rogers (see, for example, refs. 25 and 26 and references therein) who 
separated amino acids enantiomers. In liquid chromatography (LC), Losse and 
Kuntz~7 have used bonded peptides. However, their supports could not withstand 
high pressure. Bonded amino acids were used for the separation of some D&-amino 
acid enantiomers by Davankov, Rogozhin and their co-workersI and by Baczuk 
et Q[.~~. Grushka and Scott30 have shown that a simpIe tripeptide, namely triglycine, 
can be used in the separation of amino acids. In a more recent work, Kikta and 
Grushka3’ have studied the chromatographic behavior of several bonded tripeptides. 

In our previous work 31 it was shown that the bonded peptide determines the 
retention times of amino acids, phenylthiohydantoin (PTH) derivatives of amino 
acids, and isomeric dipeptides. Such bonded phases, then, can be used to elucidate 
structures of proteins and complex peptides. For example, the products of Edman 
degradation can be analyzed on the peptide column. The present communication 
discusses in detai1 the chromatographic behavior of the stationary phase L-valyl-L- 
phenylalanyl-L-valine bonded to silica gel, in an effort to ascertain the nature of the 
interaction between the solutes and the bonded phase. 

EXPERIMENTAL 2 

Apparatus 
The LC system was described previousIy31. The stainless-steel column used 

was 250 x 2.l‘mm I.D. 

Reagen f.s 
Deionized water was obtained by passin, a distilled water through an ion- 

exchanger treatment column. The pH (5.5) of the water was measured after degassing 
by boiling. Amino acids were obtained from Sigma (St. Louis, MO., U.S.A.); PTH- 
amino acids standard kit was purchased from Pierce (Rockford, BI., U.S.A.). Dioxane 
was obtained from J. T. Baker (Phillipsburg, N-J., U.S.A.) and Fisher Scientific 
(Fairlawn, N.J., U.S.A.). Peroxides from dioxane were removed by passing the 
reagent-grade solvent through a column of alumina just before use. Methanol (reagent 
grade) was distilIed before use. Partisil-IO (I 1 pm) was obtained from Whatman 
(Clifton, N.J., U.S.A.). The bonding reagent l-trimethoxysilyl-%chloromethyl- 
phenylethane (Y-5918) was obtained from Union Carbide (Tarrytown, N.Y., U.S.A.). 
The coupling reagent used in the peptide synthesis, N,N-dicycIohexylcarbodiimide, 
was obtained from Aldrich (Milwaukee, Wise., U.S.A.). All other chemicals and 
solvents used in this investigation were obtained from Fisher Scientific. 

Procedure 
The tripeptide L-Val-L-Phe-L-Val was synthesized on the PartisiI-10 through 

the reagent Y-59 IS. The synthesis is similar to that described previously”O~3L. Analysis 
showed 1.64% nitrogen and 17.3% carbon. Calculation indicated that about 0.26 
mmoles of the peptide was bonded per gram of the Partisil-10. The peptide bonded 
to silica gel is shown schematically as I. R is the silica gel matrix. 
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It should be pointed out that the capacity ratios of the dipeptides are in general less 
than those of the single amino acids, both with the basic and acidic buffers. 

There are not enough data to draw any conclusion regarding the retention 
orders of polar dipeptides as compared with that of the polar amino acids. 

In our previous work31 with the Gly-Val-Phe bonded phase, it was noted that 
under basic conditions, the k’ values of the isomeric dipeptides Val-Phe and Phe-Val 
were rather different. In acidic buffer the two capacity ratios of the two peptides were 
the same and were very close to zero. The present bonded phase is Val-Phe-Val. Since 
the sequence of the last two amino acids in the bonded phase reported here is inverted 
as compared with the previous study, it was hoped that the retention times of Phe-VaI 
and Vat-Phe wilt aIso be inverted. TabIe III show that in the present study, these two 
dipeptides did have different k’ values with acidic mobiIe phase. However, at a pH 
of 7.9 the difference between the k’ values was very small. At a pH of 7.4, which is 
the same condition as reported eIsewhere31, the difference in the k' vaIues increased 
somewhat, but it was not nearly as Iarge as reported in ref. 31. The retention order 
of Phe-VaI > Val-Phe is the same in both columns. It is not clear whether the fact 
that the selectivity factor for this isomeric dipeptide pair is smaller on the column 
studied here, is an indication of the influence of the bonded phase on the selectivity_ 

CONCLUSION 

Bonded peptide phase can offer a useful chromatographic system for the sepa- 
ration of amino acids, PTH derivatives of amino acids, and isomeric dipeptides. The 
retention order of the PTH-amino acids is rather unique, and, as might be expected, 
it is a function of the pH of the mobile phase. When fast elution of the basic amino 
acids is required, the bonded peptide column offers a definite advantage_ Elution 
orders of dipcptide seem to resemble closely the elution orders of their amino acid 
constituents. Changing the pH of the mobile phase can change the retention order of 
isomeric dipeptides. More work is needed in order to examine whether the elution 
behavior follows the titration curves of the dipeptides. 

Work currently in progress shows that the bonded peptide can be used effec- 
tively to separate diastereomers of dipeptides, as we11 as enantiomers of dipeptides. 
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