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ABSTRACT 

High-performance liquid chromatographic systems can be adapted to the high-resolution determination of free amino acids with 
hardware and reagents from Pickering Labs. The lithium-based eluent gradients used allow good separations to be achieved isother- 
mally in 2 h. Although the overall elution pattern correlates strongly with those of established automated methods, the differences can 
be large, and are numerous enough that one type of system cannot serve as a predictor for the other. Relative retention times in the 
Pickering system were determined for 99 ninhydrin-positive compounds: imino acids, ureides, amino sugars, amino acids and deriv- 
atives, with emphasis on those occurring in plants. 

INTRODUCTION 

Automated analyses of the amino acids derived 
from proteins, based on cation-exchange chroma- 
tography with post-colum ninhydrin derivatization 
[l], found widespread application with a variety of 
instruments dedicated to that purpose. Many com- 
mercial amino acid analyzers have been produced 
worldwide, including, in the USA, those from Tech- 
nicon (Tarrytown, NY, USA), Beckman Instru- 
ment (Fullerton, CA, USA), Durrum Instruments 
(Palo Alto, CA, USA) and Phoenix Precision In- 
struments (Philadelphia, PA, USA). Run times 
were usually several hours, and for the much more 
difficult separations of so-called physiological ami- 
no acids (the highly complex mixtures of free amino 
acids and related compounds found in both animal 
and plant materials) could range up to 25 h. These 
systems used automated changes of eluent buffers, 
stepwise or gradient, and automated changes in col- 
umn temperature, to achieve critical separations [2]. 
The advent of higher performance resins and lithi- 
um-based eluents facilitated such separations in 
much shorter run times [3]. 

Further developments included greater sensitivity 
from postcolumn reagents allowing fluorescence de- 
tection, the rapid derivatizations at ambient tem- 
perature encouraging the use of non-dedicated 
high-performance liquid chromatographic (HPLC) 
equipment [4]. In addition, the introduction of sev- 
eral precolumn reagents yielding relatively hydro- 
phobic derivatives allowed the entirely different 
chromatographic principles of reversed-phase 
HPLC to be exploited [4]. Rapid high-resolution 
separations thus became attainable, although not 
without drawbacks. Some reagents yield unstable 
derivatives; others may produce artefactual peaks 
and/or multiple peaks from single amino acids; 
most do not react with secondary amines; and the 
complex matrices of physiological mixtures can in- 
terfere with smooth derivatization [5,6]. More im- 
portantly, matrix variation can lead to considerable 
uncertainty in elution times [7]. 

In contrast, ion exchange is relatively insensitive 
to matrix components other than easily removed 
proteins. The ion-exchange columns and postcol- 
umn hardware developed by Pickering Labs. permit 
the adaptation of suitable (i.e., rapid-pulse or essen- 

0021-9673/92/$05.00 fQ 1992 Elsevier Science Publishers B.V. All rights reserved 













CHROMATOGRAPHY OF AMINO ACIDS 

A571 

0, 

0 

n) 

!- 
c 
0 60 min 

Fig. 3. As for Fig. 1, for 17 compounds. Peaks D, V, 1,24,26,41, 
44,61 and 67 injected at 2 nmol, the remainder at 20 nmol. Peak 
11: breakdown product of 4. Peak X: unidentified breakdown 
product of 61. 

relatively favorable combination. Also, because of 
the first two factors, almost all amino acids elute 
within small volumes of eluent, 0.2-0.6 ml for the 
nanomolar amounts employed in this study. This 
suggests that the most challenging separation prob- 
lems, those likely to be encountered in the often 
crowded first 40 min of a profile, especially when 
concentrations of neighboring components differ 
widely, could profitably be attacked in the follow- 
ing way. Rather than stretch the profile by using 
shallower gradients, a more promising approach 
would be first to apply this system, minus ninhy- 
drin, in order to collect selected narrow bands of the 
eluate, then, after suitable derivatization in this 
now-simple matrix, to take advantage of the differ- 
ent separation principles of reversed-phase HPLC. 
Conceivably, the same piece of HPLC equipment 
could be utilized for both modes. 
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