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Abstract

A rapid method for the determination of amino acids in serum is presented. The derivatization of amino acids with
2,4-dinitrofluorobenzene was performed in 0.5M sodium borate (pH 9.5). The complete separation of derivatives of 16
amino acids and an internal standard (D-norleucine) was achieved within 8 min by capillary zone electrophoresis. The
running buffer consisted of 30 mM sodium tetraborate (pH 9.8)–isopropanol–30% Brij 35 (825:150:25, v /v). The capillary
used had an internal diameter of 75mm and an effective length of 300 mm. A voltage of 28 kV was applied. Temperature
was maintained at 158C. Detection was 360 nm. The assay was linear from 10 to 700mM. The minimal detection limit was
2.5–7.9mM. The recovery of amino acids added to serum samples was 86.3–107.4%. Within-run precision was 2.8–10.3%,
and between-run precision was 3.5–11.6%. The concentrations of amino acids in serum of 32 patients with chronic renal
failure were measured. Among them, the levels of serine, isoleucine and valine were significantly lower than those of healthy
volunteers (P,0.01), but the concentrations of cystine, tryptophan and phenylane were significantly higher than those of
healthy volunteers (P,0.01). The result showed that the method could be used for determining amino acids in clinical
practice and scientific research.
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1 . Introduction broad interest, a rapid method for the determination
of amino acids in biological samples is often re-

Amino acids, the basic units of proteins, play an quired.
important role in the metabolic processes of a living Common methods for the determination of physio-
organism. The determination of physiological amino logical amino acids, such as classic ion-exchange
acids is of importance not only to the clinical chromatography [3–9] and reversed-phase high-per-
diagnosis and treatment of hereditary diseases, kid- formance liquid chromatography (RP-HPLC) [10–
ney diseases, liver diseases and neuropathy [1], but 22], are characteristically expensive and time-con-
also to the evaluation of the nutritive status of the suming.
patient [2]. Because analysis of amino acids is of High-performance capillary electrophoresis

(HPCE) is an emerging technology that has gener-
ated considerable attention because of its ease of use,*Corresponding author. Tel.:186-551-2652797; fax:186-
high flexibility, high resolution, and ability to pro-551-2647212.
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techniques. It has become a rapidly expanding area Sigma (St. Louis, MO, USA). Sodium tetraborate,
of analytical chemistry. In 1997 Smith reviewed the acetonitrile, 2-isopropanol and methanol were from
developments in amino acid analysis using capillary Beijing Chemicals Factory (Beijing, China).
electrophoresis [23]. It is reported that micellar
electrokinetic chromatography (MEKC) [24,25] and
capillary electrochromatography (CEC) [26] have 2 .2. Apparatus
been adopted for the measurement of amino acids.
The techniques of time-of-flight mass spectrometry Experiments were performed with a P/ACE 5500
(TOF-MS) [27] and electrospray ionization mass capillary electrophoresis system equipped with an
spectrometry (ESI-MS) [28–31] have been used for on-column diode-array detection (DAD) system,
the detection of amino acids in HPCE. Higashijima operated under System Gold software for control,
et al. [32] developed a method for determining data acquisition, and analysis (Beckman, Fullerton,
amino acids by capillary zone electrophoresis based CA, USA). The column used for the determination of
on semiconductor laser fluorescence detection. Chen 16 amino acids was a fused-silica capillary of 370
et al. [33] optimized micellar capillary electropho- mm (300 mm effective length)375 mm I.D. (Yong-
resis for separation of phenylthiohydantoin amino nian, Hebei, China).
acids. Zhou and Lunte [34] explored a direct de-
termination of amino acids by capillary electropho-
resis /electrochemistry using a copper microelectrode 2 .3. Collection and preparation of samples
and zwitterionic buffers. Zahou et al. [35] reported
that HPCE using SDS in phosphate buffer provided The blood samples were collected at the Depart-
high resolution and shout time for peptide and ment of Nephrology of the Anhui Provincial Hospital
protein hydrolysate amino acids after derivatization and originated from 32 patients with renal failure.
with phenylisothiocyanate. In order to increase the The control group was from 40 healthy volunteers.
sensitivity a laser-induced fluorescence (LIF) detec- The blood samples were taken from the veins by
tor has been introduced into the detection of amino means of plastic syringes, and after 1 h at room
acids by HPCE [36–43]. However, only a few CE temperature, centrifuged at 2000g for 10 min. Then
protocols have been established for biological amino the sera were immediately frozen and stored at
acid analysis to date. The methods reported need to220 8C until analysis. An aliquot of 0.5 ml of serum
be improved in resolution, running time, and number was added into a 2-ml Eppendorf tube. Protein
separated in a run. precipitation was carried out by adding 1.5 ml of

The aim of the present paper is to establish a rapid acetonitrile. Eppendorf tubes were vortex-mixed for
method for the determination of amino acids in 30 s and after standing for 10 min, the tubes were
serum, which can be used for determining amino centrifuged at 15 000g for 10 min. The supernatant
acids in clinical practice and scientific research. (1 ml) was transferred into another tube.

2 . Experimental 2 .4. Derivatization of amino acids with DNFB

2 .1. Chemicals The method of derivation reported by Morton and
Gerber [44] was modified. To a 1-ml aliquot of

All chemicals were of analytical reagent grade 0.5M sodium tetraborate (pH 9.5), 1 ml of acetoni-
unless stated otherwise. The standard amino acids trile, 1 ml of standard amino acid mixtures or 1 ml of
(Ala, Arg, Asp, Cys, His, Ile, Leu, Lys, Met, Phe, the supernatant made above (including internal stan-
Pro, Ser, Thr, Trp, Val, and Gly),D-Norleucine dard) and 20ml of DNFB were added. The solution
(internal standard), 2,4-dinitrofluorobenzene was vortex-mixed for 30 s. Derivatization was
(DNFB), and 30% Brij 35 were purchased from carried out at 508C for 40 min.
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2 .5. Capillary electrophoresis procedure

A new capillary was activated by washing with
1 M and then 0.1M NaOH for 30 min each, with
distilled water for 30 min and then rinsing for 30 min
with running buffer. The capillary was prewashed
with 1.0 M NaOH for 10 min, 0.1M NaOH for
10 min, water for 10 min and running buffer for 20
min at the beginning of each working day, and with
0.1 M NaOH for 2 min and running buffer for 8 min
prior to each analysis. Samples were loaded onto the
column by pressure injection for 5 s at 50 mbar
(anode at the inlet and cathode at the outlet). Fig. 1. Electropherograms of 16 standard amino acids and internal

standard. HPCE was performed in normal polarity at 28 kV andThe running buffer consisted of 30 mM sodium
15 8C, with detection at 360 nm. Column size was 370 mm (300tetraborate (pH 9.8)–isopropanol–30% Brij 35
mm effective length to the detector)375 mm I.D. Sample was

(825:150:25, v /v). Temperature was maintained at loaded into the column by hydrodynamic injection for 5 s. The
15 8C. A constant voltage of 28 kV was applied concentration of the standard solution of amino acids and of the
during analysis. Detection at 300 mm from the point internal standard was 100mM. Running buffer: 30 mM pH 9.8

tetraborate–2-isopropanol–30% Brij 35 (825:150:25, v /v).of sample introduction was set at a wavelength of
360 nm.

3 .3. The concentrations of amino acids in serum of
the healthy subjects and the patients with renal

3 . Results failure

3 .1. A rapid capillary electrophoretic method for The concentrations of amino acids in serum of 40
determination of 16 amino acids healthy subjects and 32 patients with chronic renal

failure were measured. Among them, the levels of
A rapid method for the determination of amino serine, isoleucine and valine were significantly lower

acids was developed. The method is based on pre- than those of healthy volunteers (P,0.01), but the
column derivatization of amino acids and an internal
standard (D-norleucine) with DNFB, separation of
the derivatives by capillary zone electrophoresis, and
quantification by ultraviolet detection. The complete
separation of 16 kinds of standard amino acids (Fig.
1) or physiological amino acids (Fig. 2) was
achieved within 8 min through the optimization of
separation conditions which included the value of
pH, ionic strength, detergent, organic modifier and
temperature.

3 .2. Evaluation of methodology Fig. 2. Electropherograms of human serum amino acids and
internal standard. HPCE was performed in normal polarity at 28
kV and 158C, with detection at 360 nm. Column size was 370 mmThe method was linear from 10 to 700mM. The
(300 mm effective length to the detector)375 mm I.D. Sampleminimal detection limit was 2.5–7.9mM. Within-run
was loaded into the column by hydrodynamic injection for 5 s.

precision was 2.8–10.3%, and between-run precision The concentration of the internal standard was 50mM. Running
was 3.5–11.6% (Table 1). Recovery ofL-amino buffer: 30 mM pH 9.8 tetraborate–2-isopropanol–30% Brij 35
acids added to samples was 86.3–107.4% (Table 2).(825:150:25, v /v).
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Table 1 4 . Discussion and conclusion
Reproducibility of measurement of 16 standard amino acids

Amino acid Within-run RSD (%) Between-run RSD (%) Capillary electrophoresis is rapidly becoming an
n512 n510 accepted, routine analytical technique, characterized

Arg 4.2 6.8 by short run time and high efficiency. It is applicable
Tyr 5.7 8.3 to small molecules, ions and biomacromolecules.
Lys 5.3 5.4 The method has many advantages such as rapidity,
Trp 3.6 4.5

simplicity, accuracy, and sensitivity, which can beHis 5.8 8.6
used for determining amino acids in both clinicalPhe 2.6 4.9

Ile 5.6 5.3 practice and research.
Leu 4.0 3.7 Since most amino acids cannot exhibit a useful
Cys 4.3 6.7 response with UV absorption or fluorescence de-
Met 5.2 7.9

tection, chemical derivatization of amino acids withVal 1.4 1.7
chromophores is needed to improve detectability.Ser 4.8 4.9

Thr 2.9 3.5 There are many kinds of derivative reagents that
Pro 3.1 4.2 have been introduced. Among them, UV [44–46]
Ala 1.9 2.8 and fluorescence [47–49] reagents are often used.
Gly 4.3 6.1

The former includes DNFB, dabsyl chloride and
phenylisothiocyanate, and the latter includeso-
phthalaldehyde, dansyl chloride, fluorescamine, 9-
fluorenylmenthyl chloride, naphthalene dicarboxal-

concentrations of cystine, tryptophan and phenylane dehyde and fluorescein isothiocyanate. The DNFB
were significantly higher than those of healthy reagent was adopted since it showed a good sen-
volunteers (P,0.01) (Table 3). sitivity and stability in this study. The improved

Table 2
Recovery of amino acids from spiked human serum Table 3

The concentration of amino acids in serum of 40 healthy subjectsa bAmino acid Level 1 (%) Level 2 (%) Mean (%)
and 32 patients with renal failure

Arg 95.3 96.8 96.1
Amino acid Healthy subjects Patients with renal failure

Tyr 105.8 97.2 101.5
(mM) (mM)

Lys 103.5 101.7 102.6
Trp 96.4 104.5 100.4 Arg 108.3630.4 104.7628.3
His 85.2 87.4 86.3 Tyr 65.8612.7 54.2610.6
Phe 96.1 103.5 99.8 Lys 209.1638.5 197.5643.2

aIle 105.6 103.8 104.7 Trp 35.267.6 94.8626.7
Leu 94.0 96.3 95.2 His 81.4611.3 86.5629.1

aCys 104.3 97.5 100.9 Phe 61.568.2 97.8623.7
aMet 96.2 86.7 91.4 Ile 94.8643.6 41.3618.5

Val 91.4 101.6 96.5 Leu 124.7630.5 115.2627.6
aSer 104.7 90.9 97.8 Cys 21.368.4 274.3676.4

Thr 92.9 93.5 93.2 Met 31.367.4 35.2610.5
aPro 102.8 112.0 107.4 Val 249.8641.5 181.9678.6
aAla 101.9 92.8 97.4 Ser 127.4635.8 48.3620.5

Gly 93.5 90.7 92.1 Thr 119.2628.0 121.4630.7
Pro 205.3658.4 230.1663.5a A 100-ml aliquot of 500mM standard amino acids was added
Ala 406.7681.3 382.4684.7

to 1000ml of human serum.
Gly 238.0651.4 259.6662.3b A 100-ml aliquot of 2000mM of standard amino acids was

aadded to 1000ml of human serum. Significantly different from healthy subjects (P,0.01).
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