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Extra-facile chiral separation of amino acid enantiomers by LC-TOFMS analysis
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An extra-facile chiral liquid chromatography-time of ﬂight mass spectrometry (LC-TOFMS) analytical method of
amino acid enantiomers has been developed without a derivatization process. The enantioseparation of eighteen proteinogenic amino acids (except for proline) was simultaneously performed using a combination of a chiral column
(CROWNPAK CR-I(D)) and a TOFMS within 15 min. An isocratic condition of a simple mobile phase comprising acetonitrile/water/triﬂuoroacetic acid (96/4/0.5) gave baseline separation of all underivatized amino acid enantiomers on the
chiral column.
Ó 2015, The Society for Biotechnology, Japan. All rights reserved.
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Amino acids are essential for living organisms on Earth. The
more commonly found L-amino acids function as structural components of peptides and proteins or perform critical roles in processes such as neurotransmitter transport and biosynthesis. On the
other hand, the presence of D-amino acids is comparatively very
low and had been believed to be absent in higher organisms in the
past (1). However, D-amino acids were recently found in various
higher organisms in the form of free amino acids, peptides, and
proteins (2e4). These D-amino acids have been the focus of several
studies for discovery of new bioactive compounds and biomarkers.
Determination of D-amino acids in biological samples or foods is
very important in D-amino acid research of diseases or foods, thus
many chiral analytical methods of amino acid enantiomers have
been developed.
For the separation of amino acid enantiomers and other chiral
compounds, the two main strategies used are derivatization
methods and underivatization methods (5). Derivatization
methods are based on the formation of derivatives by the reaction
of amino acids with a chiral or achiral derivatizing agent, and
separation of the derivatives on an achiral or chiral stationary
phase. Chiral analyses are relatively difﬁcult and most analytical
methods are performed with derivatization prior to analysis, e.g.,
gas chromatographyemass spectrometry (GCeMS) (6), liquid
chromatographyemass spectrometry (LCeMS) (3,4), liquid chromatographyeﬂuorescence detection (LCeFLD) (2,7). On the other
hand, underivatization methods are based on the formation of diastereomers on a chiral stationary phase or with a chiral selector on
an achiral stationary phase in a mobile phase. Although many chiral
stationary phases for underivatization methods have been developed, there are no reports of successful simultaneous analysis for
underivatized amino acids enantioseparation, most of which still
exhibited poor peak separation. Therefore, the goal of this study
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was to develop a simple simultaneous analytical method for
underivatized amino acid enantiomers with good peak separation.

MATERIALS AND METHODS
Chemicals
Enantiomers of DL-alanine (DL-Ala), DL-arginine hydrochloride
(DL-Arg), DL-asparagine monohydrate (DL-Asn), DL-aspartic acid (DL-Asp), DL-glutamic
acid (DL-Glu), DL-glutamine (DL-Gln), DL-histidine (DL-His), DL-isoleucine (DL-Ile,
mixture of four stereoisomers containing DL-allo-Ile), DL-leucine (DL-Leu), DL-lysine
monohydrochloride (DL-Lys), DL-methionine (DL-Met), DL-phenylalanine (DL-Phe), DLproline (DL-Pro), DL-serine (DL-Ser), DL-threonine (DL-Thr), DL-tryptophan (DL-Trp), DLtyrosine (DL-Tyr), DL-valine (DL-Val), were obtained from Tokyo Chemical Industry
Co., Ltd. (Tokyo, Japan). Glycine, DL-cysteine hydrochloride monohydrate (DL-Cys),
ultrapure water for LC/MS (Water), 0.1 mol/L hydrochloric acid for volumetric
analysis were obtained from Wako Pure Chemical Industries (Osaka, Japan).
Methanol-Plus- for LC/MS (MeOH), acetonitrile-Plus- for LC/MS (ACN),
triﬂuoroacetic acid for HPLC (TFA) were obtained from Kanto Chemical Co., Inc.
(Tokyo, Japan).
Each amino acid was dissolved in 50%MeOH (MeOH/Water ¼ 1/1), or 50%MeOH0.02 mol/mL-HCl (for DL-Glu, DL-His and DL-Trp) or 50%MeOH-0.05 mol/mL-HCl (for
DL-Asp and DL-Tyr) to make 20 mmol/mL standard solution. Glycine and nineteen DLamino acid standard solutions (20 mmol/mL) were mixed in equal amount (DL-20mix), and diluted by HPLC mobile phase to test the separation of enantiomers.
Instrument
The enantiomers were separated in a CROWNPAK CR-I(þ)
column (3.0 mm i.d.  150 mm, and 5 mm particle size, Daicel CPI, Osaka, Japan)
using Nexcera system (pump: LC-30AD; autosampler: SIL-30A; degasser: DGU20A5; column oven: CTO-30A; Shimadzu, Kyoto, Japan) coupled to TripleTOF 5600
System (AB SCIEX, Concord, Canada).
LC-TOFMS analysis
A 1 mL of DL-20-mix standard solution (50 nmol/mL
diluted by mobile phase) was injected onto a CROWNPAK CR-I(þ) column. The
mobile phase A was ACN/Water/TFA ¼ 50/50/0.5 (v/v/v) and the mobile phase B
was ACN/TFA ¼ 100/0.5 (v/v), and both mobile phases were mixed in constant
ratios. Flow rate was 0.4 mL/min. The autosampler and the column oven
temperatures were maintained at 4 C and 30 C, respectively, unless speciﬁed. All
analyses were performed under isocratic conditions.
Column eluents were analyzed in positive ionization modes using a TripleTOF
5600 system with the following condition: ion source gas 1 (50 psi), ion source gas 2
(50 psi), curtain gas 1 (30 psi), temperature (600 C), ion spray voltage ﬂoating
(5500 V), declustering potential (60 V), collision energy (5 V), and mass range
(60e600 m/z). Data processing was performed by MultiQuant (AB SCIEX).
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FIG. 1. LCeMS chromatograms of 20 amino acids (extracted ion of [M þ H]þ  5 mDa). Mobile phase: ACN/Water/TFA ¼ 50/50/0.5. Column oven temperature: 30 C.

FIG. 2. LCeMS chromatograms of DL-Ser, DL-Asn, DL-His, and DL-Arg (extracted ion of [M þ H]þ  5 mDa). Mobile phase: ACN/Water/TFA ¼ (A) 50/50/0.5, (B) 70/30/0.5, (C) 90/10/0.5,
(D) 94/6/0.5, (E) 96/4/0.5 and (F) 98/2/0.5. Column oven temperature: 30 C.
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