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SUMMARY 

Simultaneous analysis of common protein amino acid enentiomers was 
achieved by a chiral derivatization and a chiral mobile phase method. In the chiral 
derivatization method, 2,3,4,6-tetra-O-acetyl+D-glucopyranosyl isothiocyanate was 
chosen as the reagent for the derivatization of enantiomeric amino acids to give 
diastereomeric thiourea derivatives. These derivatives were efficiently separated on 
a octadecylsilyl silica gel column by gradient elution and were detected by their ab- 
sorbance at 250 nm. Derivatives of all common protein amino acid racemates, except 
cysteine, were resolved within about 2 h, although a few peaks were slightly over- 
lapped. In the chiral mobile phase method, the optically active binary copper complex 
with N(ptoluenesulphonyl)-D-phenylglycine was used as a chiral additive in the mo- 
bile phase for the ligand-exchange chromatographic resolution of underivatized 
D,r_-amino acids. Simultaneous resolution of common protein amino acid enantio- 
mers on a resversed phase was achieved by a column-switching technique, utilizing 
two ODS columns of different lengths, and by gradient elution with acetonitrile. The 
column eluate was monitored fluorometrically after reaction with o-phthalaldehyde. 

INTRODUCTION 

Many attempts have been made to resolve amino acid enantiomers by liquid 
chromatographic techniques, using chiral derivatization reagents14, chiral eluents+’ 
or chiral stationary phases8-10. However, no practical method capable of resolving 
simultaneously all common protein amino acid enantiomers has so far been reported. 
Only two systems*‘JZ have hitherto been reported involving ordinary liquid chro- 
matographic separation of amino acids followed by optical resolution of amino acid 
enantiomers. However, the two-step separation made these procedures tedious and 
time-consuming. 

Previously, we reported a chiral derivatization method with the 0-acetylated 
sugar isothiocyanates, such as 2,3,4,6-tetra-O-acetyl-/.I-D-glucopyranosyl isothiocya- 
nate (GITC)13v14, and a chiral mobile phase method with the N-tosyl amino acid 
copper complexes, such as N-(p-toluenesulphonyl)-~-phenylglycine-copper(II), Tos- 
PhG-Cu(I1)’ s. 

In the present study, these methods were applied to the rapid and simple si- 
multaneous analysis of common protein amino acid enantiomers. 
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MATERIALS AND METHODS 

Amino acids and other reagents were purchased from Wako (Osaka, Japan) 
and Tokyo Chemical Industry (Tokyo, Japan). Develosil ODS silica gel (Particle size 
5 pm) was obtained from Nomura Chemical (Seto-shi, Japan). Prepacked reversed- 
phase columns (Fig. 1) were obtained from Erma Optical Works (Tokyo, Japan). 
Water was purified by passing through a Mill&R/Q system (Millipore Corp., Bedford, 
MA, U.S.A.). GITC was prepared as described previously13, and TosPhG was pre- 
pared as described by Theodropoulos and Craig 16. GITC is commercially available 
from Polysciences (Warington, PA, U.S.A.). 

The first chiral mobile phase used for gradient elution consisted of 75 mg of 
Na2C03, 125 mg of copper sulphate pentahydrate, 10 ml of a 100 mM solution of 
TosPhG in acetonitrile and water to make the volume up to 1 1. The second chiral 
mobile phase used for gradient elution was prepared by adding three volumes of 
acetonitrile to seven volumes of the first chiral mobile phase. The o-phthalaldehyde 
(OPTA) reagent comprised 17 g of boric acid, 15 g of potassium hydroxide, 2 ml of 
2-mercaptoethanol, 5 ml of 8% methanolic solution of OPTA and 1.5 g of the di- 
sodium salt of ethylenediaminetetraacetate (EDTA). This reagent was degassed prior 
to use. 

Chromatographic system 
A microprocessor-controlled LC4A liquid chromatograph (Shimadzu, Kyoto, 

Japan) was used for the chiral derivatization method. This high-performance liquid 
chromatographic (HPLC) apparatus was equipped with a ternary solvent delivery 
system, in which 0.1% aqueous phosphoric acid, methanol and acetonitrile were the 
three eluents. The gradient program is shown in Fig. 2. Develosil ODS was packed 
into a stainless-steel tube (200 x 6 mm I.D.) in our laboratory by the conventional 

mixing 
T-piece 

e 

Fig. 1. Flow diagram of column-switching procedure for the simultaneous analysis of free amino acid 
enantiomers with the TosPhG-Cu(I1) eluent system. C-l column; ERC-ODS-1151 (50 X 6 mm I.D.). C-2 
column; ERC-ODS-1171 (20 x 6 mm I.D.). (A) and (B)-1 = first chiral mobile phase; (B)-2 = second 
chiral mobile phase; (C) = OPTA reagent. 
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Fig. 2. Chromatogram and gradient program of the simultaneous analysis of GITC derivatives of all 
common protein amino acid enantiomers. Column: Develosil ODS (200 x 6 mm I.D., particle size 5 q). 
Flow-rate; 1.3 ml/min. Each peak corresponds to 100 ng of free amino acid. 

slurry-packing technique (about 12,000 theoretical plates per 20 cm). The column 
was eluted at room temperature and at a flow-rate of 1.3 ml/min. The column eluate 
was monitored at 250 nm by a Shimadzu SPD-2AS spectrophotometric detector. 

For the chiral mobile phase method, a column-switching system (Fig. 1) was 
assembled. Both the mobile phase and OPTA reagent were delivered at a constant 
flow-rate of 0.8 ml/min by means of a double-plunger pump (Samuki Industry Co., 
Tokyo, Japan). The laboratory-built gradient device was designed for a linear gra- 
dient from 1 to 30% acetonitrile. The eluent flow was switched by using two valves 
(V-l and V-2) connected to the two ODS columns. The column eluate was mixed 
with OPTA reagent in a mixing T-Piece and a PTFE-tubing reaction coil (50 cm 
x 0.5 mm I.D.). The fluorescence intensity of the effluent was measured at the ex- 

citation and emission maxima of 340 and 455 nm, respectively, in a Shimadzu RF- 
500LC spectrofluoromonitor, equipped with a xenon discharge lamp. 
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GITC derivatization procedure 
To 10 ~1 of 0.1 M HCl, containing 100 pg/ml of each amino acid, were added 

10 ~1 of acetonitrile, containing 50 mg/ml of triethylamine and 20 ~1 of GITC reagent, 
prepared by dissolving 10 mg of GITC per ml of acetonitrile. The resulting mixture 
was allowed to stand at room temperature for about 20 min. An aliquot of 3-5 ~1 of 
the reaction mixture was directly injected into the chromatograph. 

RESULTS AND DISCUSSION 

Chiral derivatization method 
GITC is a widely applicable chiral derivatization reagent for the reversed-phase 

liquid chromatographic resolution of enantiomeric amino compounds such as amino 
acids’ 3~14 and catecholamines l’. It reacts readily with a racemic free amino acid to 
form a pair of diastereomeric thiourea derivatives. Previously, these diastereomers, 
prepared from racemates of common protein amino acids, were completely resolved 
on an ODS column, eluted with methanol-phosphate buffer (pH 2.8). The resolution 
obtained may be due to the lipophilic nature of the tetraacetylglycosyl residue as well 
as conformational rigidity. 

The present study accomplished simultaneous resolution of GITC derivatives 
of all common protein amino acid enantiomers. A highly efficient column and a 
ternary solvent delivery system were required. Recently, a column of particle size 
3-c(m became commercially available. However, since chromatography was per- 
formed at lower pressures (below 200 kg/cm’), a j-pm particle size ODS column (200 
x 6 mm I.D.) was used. A typical chromatogram of the simultaneous resolution of 
GITC derivatives and the gradient program used in this case are shown in Fig. 2. 
The methanol content in the mobile phase had a significant effect on the separation 
of mono-GITC derivatives of arginine and histidine enantiomers. Complete separa- 
tion of these derivatives was effected by eluting with a methanol-rich mobile phase. 
However, the viscosity of the methanol increased the column pressure. Therefore, 
other derivatives were eluted with an acetonitrile-rich mobile phase. GITC derivatives 
of all common protein amino acid racemates, except cysteine, were separated within 
about 2 h, although a few peaks of the derivatives were overlapped. 

Chiral mobile phase method 
Resolution with a mobile phase containing a chiral additive is simple and per- 

mits the sensitive detection of enantiomeric amino acids by post-column derivatiza- 
tion with various reagents. We have previously reported the direct resolution of un- 
derivatized amino acid racemates with a chiral mobile phase containing the copper(I1) 
complex of N@-toluenesulphonyl)~L-phenylalanine, TosPhe-Cu(II)’ s~l *vl g, or that of 
N(p-toluenesulphonyl)~D-phenylglycine, TosPhG-Cu(II)iS, by reversed-phase 
HPLC. These methods provided excellent resolution of each of the protein amino 
acids which were sensitively detected with the OPTA reagent. 

In the present study, simultaneous direct resolution of the protein amino acids 
was investigated by ligand-exchange chromatography, with TosPhG-Cu(I1) as a chi- 
ral additive in the mobile phase. 

Gradient elution with an organic solvent, such as methanol or acetonitrile, is 
generally required for the separation of a complex mixture of substances having 
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Fig. 3. Mode of column switching in the method represented by Fig. 1 for the simultaneous analysis of 
free D,L-amino acids with the TosPhG-Cu(I1) eluent system. The solid line shows the flow of the chiral 
mobile phase. 

similar chemical properties. However, gradient elution causes a delay in the equili- 
bration of the column with the chiral additive in the mobile phase. The stereoselective 
retention was previously proposed l5 to be based on a dynamic ligand-exchange 
mechanism involving the labile immobilization of TosPhG-Cu(I1) on the stationary 
phase. First, the binary complex (TosPhG)zCu in the mobile phase is adsorbed on 
the surface of the chemically bonded phase through hydrophobic interaction, and 
equilibrium is attained between the free and immobilized chelate complexes. When 
gradient elution with acetonitrile is performed after the equilibrium was established, 
the immobilized chelate complexes are removed from the surface of the column sup- 
port. These chelate complexes accidentally deposited in the stainless-steel line be- 
tween the column and the detector. Furthermore, reequilibration of the column with 
TosPhG-Cu(I1) after gradient elution was time-consuming. These problems could be 
overcome by using a short column packed with ODS-silica gel of a low carbon con- 
tent. On the other hand, relatively polar amino acids, such as the acidic amino acids, 
were not well retained on such a short column. Therefore, a column-switching tech- 
nique with two ODS columns, 5 cm and 20 cm long, was adopted in the HPLC 
system described in Fig. 1. Changes in the mobile phase flow-rate were accomplished 
in three steps (Fig. 3. In the first step, the two columns are connected in series, and 
the mobile phase passes through columns C-l and C-2 in succession. Amino acids 
injected into the chromatograph were first resolved on the column C-l. After the 
faster-moving, relatively polar amino acids (Asp, Glu, Ser, Thr and Ala) had been 
eluted from this column, valve V-l was switched to the position in the second step, 
as shown in Fig. 3. Then the relatively polar amino acids were more finely resolved 
on column C-2. After this resolution was over, both valves V-l and V-2 were turned 
as shown in Fig. 3, and the linear gradient elution through column C-l was started 
by turning valve V-3. The less-polar amino acids, which had been retained on column 
C-l were then resolved on column C-l alone. A chromatogram of the simultaneous 
resolution of acidic and neutral protein amino acids by the column-switching pro- 
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Fig. 4. Chromatogram of the simultaneous resolution of free D&-amino acids with the TosPhG-Cu(I1) 
eluent system and column-switching technique. The chromatographic conditions and the mode of column 
switching are described in the text and shown in Fig. 3. Injection: IO&250 pmol of each amino acid. 

cedure is shown in Fig. 4. The imino acids, such as proline, could be detected by 
post-column derivatization with 7-chloro-4-nitrobenzofrazan (NBD-C1)19. 

The methods described here are expected to be useful for the detection 
enantiomeric amino acids in previous samples, only small amounts of which can 
spared for analysis. 
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