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Twenty kinds of a-amino acids were directly detected by
capillary electrophoresis (CE) with a chemiluminescence (CL)
detector using luminol–hydrogen peroxide–Cu(II) system. A
batch-type CL detection cell to which a hydrogen peroxide so-
lution was added was used. Samples migrated in a running buf-
fer solution containing luminol and Cu(II), and eluted at a tip of
a capillary to mix with the hydrogen peroxide. The catalytic ac-
tivity of Cu(II) for luminol CL reaction increased in the pre-
sence of a-amino acids to induce CL peaks on the electropher-
ograms. For example, aspartic acid was determined over the
range of 1:1� 10�7–1:8� 10�5 M with a detection limit of
0.6 fmol. A model mixture sample of glycine, aspartic acid,
and glutamic acid was successfully separated and detected with-
in 10 min.

Because of its simple optical system and low background
nature, CL is expected to be an ideal detection method for
CE. Recently, the feasibility of using CL detection in CE has
been successfully demonstrated.1{3 Several CL reactions, such
as luminol, ruthenium (III) complex, and peroxyoxalate, have
been utilized. As only a few substances show the native CL
characteristic, derivatization of non-CL analytes prior to detec-
tion is generally required; however, derivatizing processes are
often tedious and time-consuming. Quantitative labeling of a
low-concentration analyte is also difficult.

Analysis of a-amino acids is very important in various
fields including analytical chemistry, biochemistry, post gen-
ome chemistry, and medicine. a-Amino acids labeled with iso-
luminol and dansyl chloride were analyzed through CE with a
CL detector.1;2 In this study we found out that a-amino acids
were directly detected in CE with a CL detector using a lumi-
nol–hydrogen peroxide–Cu(II) system without any labeling pro-
cedures. It is emerging as one of the most promising ways for
the separation and determination of a-amino acids.

A batch-type detection cell was used for the present CE
with a CL detector. The concept of the cell was originally pro-
posed by us in the previous paper.3 The detection cell was made
of Teflon, which had 4-cm outer diameter, 2.5-cm height, and 8-
mL inner volume. An optical fiber (a core diameter of 1.2 mm),
a fused-silica capillary (50-mm i.d. and 50-cm length), and a
platinum wire as a grounding electrode were fixed to the cell.
That is, the cell also worked as an outlet reservoir including
an electrolyte solution. The optical fiber was set up straight to
the capillary with a distance of ca. 0.3 mm between them. A
10 mM phosphate buffer solution (pH 10.8) including 400 mM
hydrogen peroxide was added into the cell. The CL light at
the capillary outlet was captured by the optical fiber.

All of the reagents used were of commercially available

grade. Ion-exchanged water was distilled for use. Luminol
and all a-amino acids (L-isomers except for glycine) used
were purchased from Nacalai Tesque. A 10 mM phosphate
buffer solution (pH 10.8) was prepared. Sample solutions
were prepared by dissolving a-amino acids with the phos-
phate buffer solution. A phosphate buffer solution (pH
10.8) containing 5:0� 10�5 M luminol, 5:0� 10�6 M Cu(II)
(sulfate), and 5:0� 10�5 M tartaric acid was used as a run-

Figure 1. The electropherogram of the mixture
sample solution of a-amino acids. 1, Glycine; 2,
aspartic acid; and 3, glutamic acid. Conditions:
Capillary, 50 cm length and 50mm i.d. of fused
silica; applied voltage, 12 kV; reagent, phos-
phate buffer (pH 10.8) containing
5:0� 10�5 M luminol, 5:0� 10�6 M Cu(II),
and 5:0� 10�5 M tartaric acid in the inlet reser-
voir and phosphate buffer (pH 10.8) containing
400 mM H2O2 in the outlet reservoir; and sam-
ple concentration, 1:0� 10�5 M.
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ning buffer solution. A sample injection (ca. 5.6 nL) was
performed through the use of gravity for 10 s at a height
of 20 cm. A high voltage (12 kV) was applied to the electro-
des using a DC power supplier. The sample migrated in the
running buffer toward the CL detection cell and mixed with
the reagents. The resulting CL at the capillary outlet was
transported to the photosenser module through the optical fi-
ber in the CL detector (Model EN-21, Kimoto Electric,
Inc.). The output from the detector was fed to an integrator
to produce electropherograms.

We examined twenty kinds of a-amino acids which were
neutral a-amino acids (glycine, alanine, valine, leucine, isoleu-
cine, asparagine, glutamine, serine, threonine, cysteine, methio-
nine, phenylalanine, tyrosine, tryptophan, and proline), basic a-
amino acids (lysine, arginine, and histidine), and acidic a-ami-
no acids (aspartic acid and glutamic acid). All of them were di-
rectly detected by the present CE with the CL detector without
any pretreatments such as a labeling procedure. The phosphate
buffer solution containing a luminol and Cu(II) catalyst as a
running buffer solution moved to the outlet from the inlet capil-
lary through electroosmotic flow, and mixed with a hydrogen
peroxide solution. Then, the CL intensity at the tip of capillary
outlet was monitored as a base-line CL. When a-amino acids as
a sample migrated in the capillary, mixing with the luminol and
Cu(II) catalyst, and then emerged at the tip of the capillary to
mix with the hydrogen peroxide, the CL intensity increased to
make the positive peak. That is, the CL intensity of the lumi-
nol–hydrogen peroxide–Cu(II) system was magnified in the pre-
sence of a-amino acids. The Cu(II) must show a higher catalytic
activity when it interacted with a-amino acids to form certain
Cu(II)-a-amino acid complexes. It was also reported that the
catalytic activity of Cu(II) for luminol-hydrogen peroxide CL
reaction is at its maximum agitation when two of the four coor-
dination sites are occupied by a ligand.4;5 The increase of the

catalytic activity of Cu(II) in the present study seems to be at-
tributed to the formation of Cu(II)-a-amino acid complexes,
that is, the occupation of two coordination sites by a a-amino
acid.

Figure 1 shows the electropherogram of the model mixture
sample solution of glycine, aspartic acid, and glutamic acid.
They were successfully separated and detected. We examined
the calibration curves of them. They were determined over a
range of 2:0� 10�7-1:5� 10�5 M with a detection limit of
1.1 fmol, 1:1� 10�7-1:8� 10�5 M with 0.6 fmol, and
1:0� 10�7-1:8� 10�5 M with 0.6 fmol, respectively. The cor-
relation coefficients were 0.999. The CL intensity did not
change during repeated injections at least up to 10 times; the re-
lative standard deviation was 2.7%. We are now studying about
the details of the experimental conditions and the possibility of
expanding this method to other biological constituents such as
peptides and proteins.
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