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STEREOSELECTIVE DETERMINATION OF L- AND D-AMINO ACIDS IN SERUM BY THE USE OF
IMMOBILIZED ENZYME REACTORS IN FIA

Gyorgy Marko-Varga®, Elena Dominguez** and Marie Carlsson’

'Department of Analytical Chemistry, Department of Applied Microbiology, University of Lund, P.O.Box
124, S-221 00 Lund Sweden.

Summary

A flow injection method containing immobilized enzyme reactors (IMERs) ; L-amino acid oxidase
(L-AAO), D-amino acid oxidase (D-AAO) and Horse radish peroxidase (HRP) for the determination of
L-and D-amino acids has be en developed. Enzymatic conversion efficiencies for twenty L-and D-amino
acids are given. The linear range of the detecteable amino acids was around two orders of magnitude. The
sample frequency was 19 h” with a sample volume of 50 pl. The method is used for the stereoselective
determination of L-and D-amino acids in the presence of L-amino acids in serum.

Introduction

The amino acid determination in various fields e.g. in biomedical and biochemical is of great importance.
Many known severe diseases are associatet with defects in amino acid metabolism [1]. D-amino acids are
not synthesized by mammals and therefore offers a potential, to be used, as markers, for a fast detection
of bacterial infection [2].

The analysis of amino acids has been based mainly on chromatographic techniques [3]. Stereoselective
determination of L-and D-amino acids in Liquid chromatography can be fullfilled either by introducing
selectivity in the separation step, by using chiral columns [4] or by enantiospecific derivatization reagents
in the detection step [S]. Amino acids and peptides lack physical and chemical properties that make them
easily and selectively detected in complex solutions. However, immobilized enzymes can be used for
selective detection of the analytes. There exists today both highly substrate specific and group specific
enzymes that can oxidise amino acids.

Stereoselective detection can be exhibited by using L-and D-amino acid oxidase for catalytic reaction
detection of L-and D-amino acids respectively [6-7).

This work describes an enzymatic FIA-method for stereoselective detection of L-and D-amino acids in
serum samples.

* On leave from the Department of Pharmacy, Nutrition and Food Analysis. University of Alcala de
Henares, E-28871 Alcala de Henares (Madrid), Spain.
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Results

A FIA system has been designed (see Fig.1) inkorporating three IMERs for the selective determination
of amino acids. One IMER contains immobilized L-amino acid oxidase (L-AAO, EC 1.4.3.2) glutaraldehyde
coupled (85 pl). The second contains immobilized D-amino acid oxidase (D-AAO, EC 1.4.3.3) azo coupled
(100 pl). These two IMERs were used in an interchanging mode regulated by a switch valve shown in Fig.1.
The alternated outlet from the two IMERs is mixed with the reagent stream passing the HRP-reactor (EC
1.11.1.7) of 170 ul and finally detected spectrophotometrically at 514 nm.
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Fig. 1. Schematic diagram of the FIA set-up. Carrier; 0.1 M phosphate buffer, pH 7.0, reagent stream; 1
mM 4-AP, 4 mM DCPS and 1 mM DCP dissolved in 0.1 M phosphate buffer pH 7.0. The flow rates given
in the pump symbols are in ml min the micro sampler (Mod CMA 200, Carnegie Medicine,Lund,Sweden)
was operated at 4°C.

When passing a sample containing an L-amino acid through the L-AAO reactor the following reaction
occurs;

L-amino acid + O, + H,0O -----—--- > 2-oxo-acid +NH,; +H,0, (1)
D-AAO
D-amino acid + O, + H,0 --------- > 2-oxo-acid + NH; +H,0, 2)

The hydrogen peroxide formed in reaction 1 and 2 is transported in the flow system and will meet a reagent
stream containing 4-aminoantipyrine (4-AP), dichlorophenol (DCP), and dichlorophenolsulphonate (DCPS).
Before entering the HRP-reactor the hydrogen peroxide and the reagent are thoroughly Mwxed in a
knot-reactor. In the HRP reactor the hydrogen peroxide will oxidise the enzyme. 4-AP will reduce the
enzyme back to its active form whereby a 4-AP radical is formed which in turn will react with DCPS to
form a quinoneimine compound, the formation of which is catalyzed by DCP [8-9]. The sum or the
reactions are given by the following [8];

HRP,DCP
H,O, + 4-AP + DCPS  -—----eeeeeeeee > quinoneimine + H,0O 3)

The strongly red coloured quinoneimine is then further transported into a flow through Swotometric cell
where the concentration is measured at its absorbance maximum, 514 nm [8].

Table 1 shows the conversion efficiencies, obtained for the most common L-and D-amino acids analysed
in the FIA system. The obtained conversion factors are normalized values with phenylalanine.
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Table 1. CONVERSION OF AMINO ACIDS IN THE L- AND D-AAO IMERs

Conditions; as given in the experimental set-up in Fig. 1.
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Compounds Conv. % Conv. % Compounds Conv. % Conv. %
L-AAO D-AAO L-AAO D-AAO
IMER IMER IMER IMER
Glycine 0 0 Glutamine 6.8 0
Alanine 1.0 24.6 Lysine 35 0
Valine 5.1 105.2 Histidine 29.6 7.4
Leucine 100.2 1174 Arginine 6.1 0
Isoleucine 56.5 136.9 Phenylalanine 100.0 100.0
Serine 0 16.5 Tyrosine 89.7 150.9
Threonine 0 0 Tryptophan 86.3 35.2
Aspartic acid 0 0 Cysteine 58.7 50.0
Aspargine 4.0 0 Methionine 88.4 1482
Glutamic acid 0 0 Proline 0 148.5

The peak shape for different injection volumes of a L- and D-Tyrosine standard passing through the
L-AAO and D-AAO reactor respectively, is shown in Fig. 2.
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Fig. 2. Response for injections of 10, 25,50, 100, 200, 300 and 500 pl. A; 0.25 mM L-Tyrosine standard, B;

TIME

0.25 mM D-Tyrosine standard.

TIME

The peak widths at half peak height was found to be almost constant from 10 pl injection volume up to
100 pl. The sample frequency was found to be 19 samples per hour. The linearity of the detector response
to the various amino acids was typically two orders of magnitude (correlation coefficients equal to at least
0.998). The detection limits for L-amino acids with high conversion efficiency like L-phenylalanine were
found to be around 3 pM. The detection limits for corresponding D-amino acids were found to be
somewhat higher, around 7 pM.
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Applications

The method was used for measuring L-amino acids and D-amino acids in the presence of L-amino acids
in serum. The serum was deproteinized by perchloric acid addition and centrifugation followed by dilution
and filtration. Fig. 3 shows the FIA-peaks obtained on injecting spiked serum samples from an unknown

patient.
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Fig. 3. Response for A; (from left to right) 10 times diluted and deproteinized serum blank, serum blanks
spiked with; 50 pM L-isoleucine, 50 pM L-tyrosine, L-isoleucine + L-tyrosine + L-phenylalanine; 50 pM
each, 50 pM L-phenylalanine and serum blank (as above). B; Same serum blank as in A (arrows), serum
blanks spiked with; 50 pM D-isoleucine, 50 pM D-tyrosine, D-isoleucine + D-tyrosine + D-phenylalanine,
50 uM each, 50 pM D-phenylalanine and serum blank (as above, arrows).

No changes in reactor performance were observed after more than thirtyfive serum injections and six weeks
of continuous use on each reactor. 90 % of the operational stability of the L-and D-AAO reactors
remained. The HRP-reactor was stable for at least 3 months yielding 100% conversion. When not in use,
the reactors were stored in 0.1 M phosphate buffer pH 7.0 at 4°C.
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