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Abstract

For effective separation of the N-TFA n-butyl ester amino acids on the stainless steel
column by GLC, dual column of the mixed stationary phases, 3.36% OV-17 + 3.0% SE-30
(column 1) and 1% NPGS+0.5% OV-17+0.5% SE-30(column 2) on chromosorb W HP
100-120 mesh, were used. On the column 1, the nineteen amino acids except histidine
were obtained. However, alanine and valine peaks were not separated by this column. On
the column 2, the sixteen amino acid peaks showed good separation, but tryptophan.
arginine, histidine, and tyrosine peaks were not obtained. Calibration graphs for all amino
acids obtained by the plotting the ratios of their peaks hights to that of internal standard
versus the micro mole of the amino acids in the range 1.25x 107 umol-1.0x 1072 zmole

showed linearity and passed through the origin.
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Introduction

In the amino acids analysis, ion exchange chro-
matography (IEC) has been the most widely used
because of the construction of fully automated
devices. Automated IEC amino acid analyzer are
applicable to the analysis of carbohydrates,
amines and other compounds with slight modifica-
tion. However, the defects of IEC method is their
low sensitivity and relatively long analaysis time
in comparision with GLC method. These drow-
backs are still completely unresolved in spite of
the application of fluorescamine, pyridoxal or
radioactive reagents instead of ninhydrin for de-
tection, and spherical ion exchangers for column
packing .V

The analysis of amino acids by gas liquid chro-
matography have been the subject of extensive
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researches because the qualitative and quantita-

tive determination of amino acids by GLC method
can be achieved rapidly, accurately, and cheaply
in comparision with other techniques. Moreover,
GLC methods have tremendous adventages in re-
solution, versatility, and reliability, and sensitivity
in small amount of samples such as biological li-
quid for measurement of amino acids.®™®
However, the advance of a practical GLC method
has been limited by the difficulty of preparing a
volatile derivatives and of separating all natural
amino acids with a single column. In the analysis
of amino acids by GLC a complete derivatization is
essential. Due to the differences of chemical struc-
ture and reactivity of each amino acid, the quan-
titative derivatization of all the fuctional groups by
one step reaction has many problems.“)
Moreover, a complete resolution of the twenty
protein amino acids on a single has been extre-
mely difficult to achieve even with any derivatiza-
tion methods.
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It was the purpose of this study to develope a li-
quid phase which can resolve the twenty amino
acids as their N-trifluoroacetyl (N-TFA) n-butyl
ester derivatives, the most widely using method.
Twenty liquid phases known to resolve amin acids
were examined with one or combination of two or
three, but the stationary phase resolving twenty
protein amin acids on single stainless steel column
were not found in this study. Two stationary
phases showed good resolution by the combina-
tion of dual column are reported.

Materials and Methods

Reagents

The amino acids used in this research were ob-
tained from Sigma (ST. Louis, USA). N-butanol
and methylene chloride were first refluxed over
anhydrous calcium chioride and redistilled from
an all glass system and stored in a dessicator to
protect from atmospheric moisture. Trifluoroace-
tic anhydride (TFAA) was obtained from Aldrich
(Milwaukee, USA). Pure anhydrous HCl gas was
generated by slow addition of concentrated sul-
furic acid into concentrated hydrochloric acid.
The generated HCl gas was passed through two
drying towers containing concentrated sulfuric
acid and then slowly bubbled into n-butanol until
3N in HClL. The generating rate of HCl gas was
controlled by addition rate of concentrated sul-
furic acid. The normality of n-butanol-HCl was
checked by titration with standard NaOH. Liquid
phases were obtained from Althech (Deerfield,
USA). The supporting material, chromosorb W
HP, was obtained from Sigma (ST. Louis, USA).

Preparation of chromatographic column packings
Column 1; 2mx3 mm.I.D. Stainless steel col-

umn

Packing; 3.36% OV-17 + 3% SE-30on chromosorb

W HP 100-120 mesh

Column 2; 2 m x3 mm I.D. Stainless steel column

Packing; 1% Neopentyl glycol succinate (NPGS) +

0.5% OV-17 +0.5% SE-30 on chromosorb W HP

100-120 mesh

Derivatization, esterification and acylation

Derivatization, esterification and acylation
were carried out by a slightly modified procedure
from that of Gehrke et al.® Individual amino acid
standard solution was prepared to 0.25m mole/100
m/. Each 2 m! of individual amino acid standard
solution was placed in a 125 m/ round bottom
flask. Five milliliters of the internal standard solu-
tion (0.1 mg/m! of ornithine in 0.1N H(}) were ad-
ded. The mixture of standard solution was evapo-
rated to dryness with a rotary evaporator under
vacuum in a 60 °C water bath . Fifteen milliliters of
n-butanol-HCl were added and then a magnetic
stirring bar was placed in the flask. A glass drying
tube containing CaSO, anhydrous was attached to
the mouth of the flask. The flask was placed in an
ultrasonic bath for 1 min and then into a 100+ 2°C
0il bath on a magnetic hot plate for 15+ 1 min to
esterification by stirring. After esterification, the
flask was cooled to room temperature and the con-
tents were dried with rotary evaporator under
vacuum in the 60 + 5°C water bath. Five milliliters
of methylene chloride were added to azeotrope
any remaining moisture and dried again as above.
The flask was cooled to room temperature. Two
milliliters of methylene chloride and 1 ml/ of
trifluoroacetic anhydride were added and the flask
was tightly stopped with glass stopper winded
with polytetrafluoroethylene (PTFE) thread seal
tape, and placed on the magnetic stirrer. The mix-
ture was stirred for 1 min and then transferred in-
to the pyrex glass tube of 10 m/ with the screw
stopper. The tube was closed securely with a
PTFE tape-lined screw stopper. The tube was im-
mersed into the 150+ 2°C oil bath for 5 min to
acylation of n-butyl ester. Following acylation, the
derivatized amino acids were cooled to room tem-
perature and injected to the column immediately
for analysis.

Results and Discussion

Chromatograms of the columns
The chromatogram shown in Fig. 1 was obtain-
ed with the column of the 3.36% OV-17+3.0%
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Fig. 1. Analysis of the standard amino acids in the t~rm nf N-TFA-n-butyl esters.
Column 1:2mx3 mm |.D. stainless steel, with the mixed phoses ~f 3.36% OV-17 and 3.0% SE-30 on 100-120 mesh chromosorb W
HP. Temperature programme: 85°C-245°C.5°C/min. Carrier gas Nq, 60 mi/min FID injection amount: 5.0 x 10°3 gmole (1.S: or-

nithine, 1.2x 1073 umole).

SE-30. This column provided the separation of
eighteen amino acids except alanine, valine, and
histidine. The alanine and valine were not separat-
ed by this column, but histidine peak was not ob-
tained. Gehrke ef al.® elucidated the interaction of
the histidine, arginine, and cystine derivatives
with the supporting materials and liquid phases.
Gehrke et al.” also concluded that the histidine
derivative was destroyed by the polar liquid
phases, such as ethylene glycol adipate (EGA) and
that the derivatives of arginine, histidine, and
cystine were all subject to complex, temperature
dependent interactions with polar liquid phases
and supporting materials. They found that these
derivatives could be separated on the glass col-
umns of siloxane liquid phases prepared by deac-
tivated supporting materials or by capillary col-
umn. As the N-TFA n-butyl esters were found to
decompose in the heated metallic injection ports
and on the heated metallic column surface %
direct injection on glass column was reported to
be obligatory."V But arginine was separated on
the column 1 of the siloxane mixed stationary
phase of OV-17 and SE-30 in spite of stainless
steel column. The histidine derivatives may be
decomposed on the heated metallic column sur-
face as the histidine did not appear by the column

1 despite of the non-polar liquid phases. The
cystine may be destroyed to cysteine by HCI dur-
ing derivative -preparation process because the
cystine peaks appeared at the same position of
cysteine. Glutamine and asparagine also were con-
verted to glutamic acid and aspartic acid.

The chromatogram of the column 2 is given in
Fig. 2. This column showed the good resolution
for the sixteen amino acids except tryptophan,
histidine, tyrosine, and cystine. In this column
cystine also appeared at the cysteine position.
From the start of the GLC analysis of N-TFA
n-butyl ester, the polyester stationary phases were
mainly used rather than the other phases.® In the
first study,® all protein amino acids except only
unresolved pair of aspartic acid and phenylalanine
were almost completely separated by the column
of 1% NPGS on Gaschrom A. With the other
study,® the column of 0.5% NPGS on chromosorb
G AW further improved the separation charac-
tristics than above column. But these columns
were all glass columns. In the others studies show-
ed good resolution of protein amino acids the glass
columns were almost used. Moreover, Gehrke et
al. " reported that the reproducibly and quan-
titatively elution of the N-TFA n-butyl esters of the
arginine, histidine, and cystine on the polyester
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Fig. 2. Analysis of the standard aminc in the form of N-TFA-butyl esters.
Column 2;2 mx3 mm 1.D. stainless steel, with the mixed phases ot 1% NPGS+0.5% OV-17+0.5% SE-30 on 100-120 mesh
chromosorb W HP. Temperature Programme: 85°C-230°C, 2°C/min. Carrier gas; Ny, 75 mi/min. FID. injection amount: 5.0x 1073 ¢4

mole (1.S.: ornithine, 1.2x 103 zz mole)

columns was very difficult problem even by glass
column. In this study, column 2 was attempted to
separate with the addition of NPGS, polyester li-
quid phase, alanine and valine unresolved on col-
umn 1. The alanine and valine were separated, but
tryptophan, tyrosine, and arginine peaks obtained
on column 1 were not found. NPGS, the polyester
liquid phase, may be responsible for the destruc-
tion of these derivatives.

6.0

Galibration graphs for all amino acids

Calibration graphs for all amino acids obtained
by plotting the ratios of their peak heights to that
of the internal standard versus the mole of amino
acids in the range 1.25x107 ;2 mole-1.0x 1072 4
mole showed linearity and passed through the
origin (Fig. 3 and 4).
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L-ornithine; 1.2x107 gmole.A spot is the average of three determinations.
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Fig. 4. Calibration curves for amino aaids in the range 1.25x 10 S umole. A spot is the average of three determinations.
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