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Buffer and pH dependence of the retention of
phenylthiocarbamylamino acids in reversed-phase high-
performance liquid chromatography
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ABSTRACT

An exhaustive study was made to find the optimum conditions for the determination of phenylthiocarbamyl (PTC)-amino acids. The
effects of the type of salt dissolved in the eluent (sodium or ammonium acetate), the pH of the eluent, the presence of additives such as
triethylamine and phosphate and the maximum storage time of the dissolved derivatives were investigated. On Hypersil or-Nucleosil
columns (15 cm x 4.6 mm 1L.D.; 5 ym) the determination of 21 PTC-amino acids [including cyst(e)ine, tryptophan and ornithine]
require 22 min. The reproducibility of the measurments was < 5.0% (relative standard deviation).

INTRODUCTION

The separation of amino acids after precolumn
derivatization with phenyl isothiocyanate (PITC)
and their subsequent determination by reversed-
phase high-performance liquid chromatography
(HPLC) has gained wide acceptance (Table I). The
determination of the components of protein hydro-
lysates and those of free amino acids as phenylthio-
carbamyl (PTC) derivatives has considerable ad-
vantages over other derivatization methods, includ-
ing the quantitative reaction of all common amino
and imino acids with PITC, the high stability of the
PTC-amino acids, the relatively good sensitivity
and reproducibility for the resulting PTC deriva-
tives and the relative ease and reasonable cost of
their preparation and HPLC separation.

After pioneering work [1,2] numerous papers [3—
13} have dealt with the improvement of the initial
methods. In this work, we made a systematic study
in order to optimize the pH, the salt type and the
maximum detector responses of 21 amino acids, in-
cluding cyst(e)ine, tryptophan and ornithine, using
the same two linear-increment gradient-type elution
systems, to find the differences (if any) between two
different stationary phase-containing columns of
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the same size, to define the stability of the PTC-
amino acid derivatives after their dissolution in buf-
fer and to examine the role of the presence of trieth-
ylamine and phosphate in the eluents.

EXPERIMENTAL

Materials

Triethylamine (TEA), PITC, amino acids and
proteins were obtained from Sigma (St. Louis, MO,
USA) and from Serva (Heidelberg, Germany).
HPLC-grade acetonitrile and methanol were pur-
chased from Reanal (Budapest, Hungary). All other
reagents were of the highest purity available. Hy-
drolysis and derivatization tubes were supplied with
the Pico-Tag Workstation (Waters Assoc., Milford,
MA, USA).

Derivatization of amino acids with PITC

Standards of free amino acids in a mixture con-
taining 12.5, 25.0 or 37.5 nmol of each amino acid
were placed in the 50 x 6 mm 1.D. tubes and dried
under vacuum. Free amino acids were redried, add-
ing 10 ul of ethanol-water-TEA (2:2:1) to each
tube. Thereafter to each redried sample 20 ul of de-
rivatization reagent [ethanol-TEA-water-PITC
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HPLC OF PTC-AMINO ACIDS
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(7:1:1:1)] were added and vortex mixed. They were
prepared according to the Waters Pico-Tag Work-
station manual.

The derivatized standards were dissolved in 1.00
ml of 0.05 M sodium acetate solution (pH 7.2).
Hence 20-ul aliquots of standards contained 250,
500 and 750 pmol of each amino acid.

Chromatography

The system was a Liquochrom Model 2010 liquid
chromatograph (Labor MIM, Budapest, Hungary),
which consisted of two Liquopump 312/ solvent-
delivery systems and a Type OE-308 UV detector
with a wavelength range of 195-440 nm. Samples
were injected in 20-ul volumes using an injector sup-
plied by Labor MIM. The columns (BST, Buda-
pest, Hungary) were 15 ¢cm x 4.6 mm 1.D. contain-
ing Hypersil ODS bonded phase (5 um) (Shandon)
or Nucleosil 5 Cis (5 um) (Macherey—Nagel).
Eluents were kept under a blanket of nitrogen.

The two eluent systems each consisted of two
components: (A) = 0.05 M sodium acetate or 0.05
M ammonium acetate (pH 7.2) and (B) = 0.1 M
sodium acetate or 0.1 M ammonium acetate—aceto-
nitrile-methanol (46:44:10) (mixed in volume ratios
and titrated with glacial acetic acid or 50% sodium
hydroxide to pH 5.6, 6.0, 6.4, 6.8, 7.2 and 7.6),

19 2
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henceforth called sodium acetate- or ammonium
acetate-containing eluents). The gradient which was
optimized for the separation was from 100% A to
100% B in 22 min; for 5 min a washing step with
100% B was applied, followed by a return to 100%
A in 2 min. After an additional 4 min, elution with
solvent A was performed. Thereafter the system
was equilibrated for the next injection. Thus, the
total time required from one injection to the next is
32 min. Both the derivatization and elution proce-
dures were carried out at ambient temperature.

RESULTS AND DISCUSSION

The pH dependence of the elution order of PTC
derivatives applying sodium acetate- or ammonium
acetate-containing eluents of the same composition
with various pH values (5.6, 6.0, 6.4, 6.8, 7.2 and
7.6) was tested. As shown in Figs. 1 and 2 and Table
11, the detector responses obtained with eluents of
pH 7.2-7.6 are independent of the nature of the
salts dissolved. Thus, in reproducibility studies all
values with the exception of those for cyst(e)ine and
lysine, obtained with eluents of pH 7.0-7.6, could
be taken into account [Table 11, values of averages,
standard deviations (S.D.) and relative standard de-
viations (R.S.D., %)].

5 10 5 20

Ret. time: min
Fig. 1. HPLC with sodium acetate-containing eluents of various
pH values: (a) 7.2; (b) 6.4; (¢) 6.0; (d) 5.6. For peak identification,
see Tables Il and II1. Column: Hypersil.

5 10 5 20

Ret. time: min
Fig. 2. HPLC with ammonium acetate-containing eluents of var-
ious pH values: (a) 7.2: (b) 6.4; (c) 6.0; (d) 5.6. For peak identifi-
cation, see Tables IT and III. Column: Hypersil.
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Although between pH 7.0 and 7.6 the sodium
acetate- and ammonium acetate-containing eluents
resulted in the same detector responses, because of
the perfect resolution of peaks 6-10 (Fig. 2a and d),
and in order to obtain maximum detector responses
even for cyst(e)ine and lysine, the sodium acetate-
containing eluents of pH 7.2 are to be preferred [Ta-
ble 11, values for cyst(e)ine at pH 7.0].

The studies with eluents of lower pH 6.8-5.6) re-
vealed following disadvantageous changes. The re-
tention times of the earlier eluting members (peaks
1-9) increase in parallel with the decreasing pH val-
ues of eluents. Thus, at pH < 7, the peaks of histi-
dine (peak 6) and threonine (peak 7), and those of
alanine (peak 8) and arginine (peak 9) become in-
creasingly closer to each other, then merge (Figs. 1
and 2). The detector responses of all amino acids
decrease continuously (Table I, pH 6.8-5.6); con-
siderable losses can be observed with phenylala-
nine, aspartic acid, glycine and methionine and an
extremely high loss with cyst(e)ine. The last result
could be the reason for the fact that about the half
of the published studies do not mention the prob-
lem with cyst(e)ine [5,7,9,11,14-18].

Regarding the type of column, no differences in
resolution and sensitivity were observed with the
Hypersil and Nucleosil packings when applying
strictly the same elution conditions.

Regarding the stability of PTC derivatives after
dissolving them in buffers either no [2,5,7-9,11,12]
or contradictory [1,3,4,6,10,13] literature data can
be found. The statement [1,6] that no loss could be
detected after 3 days (in the cold) proved to be in-
correct {3,4,10,13]. On keeping the dissolved PTC
amino acids at 5-8°C, their stability lasted only 16 h
[3.4], whereas others [10,13] reported as ca. 5% loss
after storage for 48 h at 4°C.

The stability of the PTC-amino acids dissolved in
eluent A and stored at 4°C was checked immediate-
ly after their preparation and after 30 min and 7, 18,
26,44, 73, 102 and 190 h (Table III). As can be seen,
the most sensitive PTC derivatives, in decreasing
order, are histidine, serine and cyst(e)ine. Hence,
according to our experience, the maximum time for
retaining the dissolved derivatives in their initial
amounts was < 7 h.

The effects of the presence of TEA and “phos-
phate” in eluent A were also investigated, applying
our optimum conditions, i.e., sodium acetate-con-
taining eluent of pH 7.2, completed with S and 50
wl/land 1. 2, 3 and 4 ml/l of TEA or with 5- 1073, |
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- 1072 and 2 - 10 ~? M phosphate. The data ob-
tained showed that the use of both additives is of
secondary importance. Although the presence of 50
ul/1 and 1-4 ml/l of TEA increased the detector re-
sponse of cyst(e)ine by 5-10%. at the same time the
proline and arginine peaks became inseparable. Al-
so, employing phosphate, increased sharpness of
the histidine peak could not be approved confirmed
[5] and only an increased aspartic acid response was
observed.

In conclusion, it has been shown that in the deter-
mination of PTC-amino acids, the use of sodium
acetate- instead of ammonium acetate-containing
eluents improves the separation of histidine, threo-
nine, alanine, proline and arginine, from the point
of view of the maximum detector response the opti-
mum pH of the eluents is 7.2-7.6 and PTC-amino
acids dissolved in buffer should not be stored at 4°C
for longer than 7 h.
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