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Liquid chromatographic separation and
stereoselective detection of L- and D-amino acids with
catalytic reaction detection using immobilized
enzymes*
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Abstract: A post-column LC detection system is described for the stereoselective detection of L- and D-amine acids. The
effluent of the LC column passes an immobilized enzyme reactor (IMER) containing either L- or b-amino acid oxidase.
The hydrogen peroxide formed in this reactor by the oxidation of the amino acids is then transported to a second IMER
containing horse-radish peroxidase. With the addition of 4-aminophenazone and dichlorophenolsulphonyl chloride to the
carrier, the hydrogen peroxide is reacted to form a red-coloured complex which is detected in a flow-through photometric
cell at 514 nm. Applications to the analysis of amino acids in bovine and human sera are described.
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Introduction

The analysis of amine acids is of great import-
ance in the biomedical and biochemical fields.
Several severe diseases are associated with
defects in amino acid metabolism [1]. A variety
of chromatographic methods has been devel-
oped to determine amino acids. In particular,
reversed-phase liquid chromatography (LC)
has become the most widespread technique [2].
Like carbohydrates, amino acids lack physical
and chemical properties that make them easily
and selectively detectable in complex solutions
such as physiolagical fluids. For the last three
decades, most of the methods proposed for the
analysis of amino acids in biological materials,
have relied on pre- or post-column derivatiz-
ation to generate adducts detectable by spec-
troscopy [3-6], electrochemistry [7] or by
chemiluminescence [8, 9].

D-Amino acids are not used for protein
synthesis and have therefore been called “un-
natural” or “non-physiological” amino acids.
However, they have been found as constituents
of fermented food [10], peptidoglycan of bac-
terial cell walis [11] and peptide antibiotics
[12], as well as in certain animals [13]. Because

D-amino acids are not synthesized by mam-
mals, these compounds offer a potential use, as
markers, for the fast detection of bacterial
infection in food [14].

D- and L-amino acids can be resolved by LC
by the use of various chiral stationary phases
[15, 16], or by achiral columns with chiral
mobile phase additives [17]. Enantioselectivity
may be introduced in the detection step by the
use of amino acid oxidases (AAO) [18]. These
enzymes, L-amino acid oxidase (L-AAQ) and
D-amino acid oxidase (D-AAQ), exhibit
stereoselectivity for the different L- and D-
isomers, but catalyse the deamination of a
considerable number of amino acids. The use
of immobilized enzyme reactors (IMER) in the
post-column mode, in conjunction with LC,
has been applied in practical analytical pro-
cedures [19, 20] and has been shown to
increase the selectivity of classical detection
systems [21-23]. The present work reports on
the use of LC with enzymatic post-column
derivatization for the stereoselective determi-
nation of L-amino acids and D-amino acids in
serum samples. This work has been extended
to preliminary studies on the immobilization of
L-AAO and D-AAO.
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Experimental

Reagents

The amino acids (Sigma, St Louis, MO,
USA) were used as received. Millipore/Milli-Q
water was used to prepare solutions and the
mobile phase. 2,4-Dichlorophenol-6-sulphonyl
chloride (DCPS) and 24-dichlorophenol
(DCP) were obtained from Janssen (Beerse,
Belgium). 4-Amino-1,2-dihydro-1,5-dimethyl-
2-phenyl-3H-pyrazole-3-one  “d4-aminophen-
azone” (4-AP) was supplied by BDH (Dorset,
UK). All other reagents were of analytical
grade.

Enzymes and immobilization procedures
L-AAQ (EC 1.4.3.2) from Crotalus adam-
anteus venom (Sigma, Type IV, 8.9 U mg™'
protein) was used as received. D-AAQ (EC
1.4.3.3) from porcine kidney (Sigma, Type X,
9.8 U mg™! protein) was dialysed overnight
against 0.1 M phosphate buffer at pH 7.0 when
immobilized with glutaraldehyde coupling.
Horse-radish peroxidase, HRP (EC 1.11.1.7)
(Sigma, Type VI, 310 U mg ' solid) was used
as received. The units are specified according
to the manufacturer’s specifications. L-AAQO
and D-AAQO were immobilized on alkylamino-
as well as on arylamino-derivatized controlied
pore glass, CPG. HRP was immobilized on
arylamino-derivatized CPG [24].

Glutaraldehyde coupling to alkylamino glass.
CPG-10 (Serva cat. no. 44762) pore diameter
47 nm, particle size 37-74 pm, was washed,
dried, silanized with 3-aminopropyltriethoxy-
silane, and activated with glutaraldehyde
(2.5% solution in 0.1 M phosphate buffer at
pH 7.0) according to previously reported pro-
cedures [25]. 133 mg (1120 units) of dialysed D-
AAO were added per gram of the moist and
activated CPG and the reaction was allowed to
proceed overnight at 4°C, initially at reduced
pressure. The same procedure, avoiding the
dialysis step, was used for the immobilization
of L-AAQ charging 6.3 mg (561 units) per
gram of CPG. Each of the steps above was
followed by extensive washing on a G3 glass
filter.

Azo coupling to arylamino silica. A com-
mercial organically aminated arylamino silica
was used, Si 500, pore diameter 50 nm and
particle size 30 wm (Serva cat. no. 43668). The
same charges of D-AAQO and L-AAQ as those
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mentioned above for the glutaraldehyde coup-
ling were used. In this case D-AAO was not
dialysed but dissolved in 0.1 M phosphate
buffer pH 7.0. 20 mg (6200 units) of HPR were
dissolved in 0.1 M phosphate buffer pH 8.5
[24] and this quantity was charged per gram of
activated silica. Each of the steps above was
followed by extensive washing on a G3 glass
filter. The immobilized enzymes were packed
into reactors having a low dead volume [26].
When not in use all reactors were keptin 0.1 M
phosphate buffer pH 7.0 at 4°C.
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Figure 1

Schemaltic diagram of the LC post-column IMER system
for the stercoselective determination of pD- and L-amino
acids. For details, see text.
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Equipment

The LC system used in this work is shown in
Fig. 1. It consists of an LC pump (Waters,
Millipore, USA, Model 590), a thermostatted
microsampler and autoinjector (Carnegic
Medicin AB, Sweden, Model CMA/200) and a
Micropak® analytical column (15 x 0.41 cm
i.d) (Varian, USA). The effluent of the
column was mixed with a make-up flow deliv-
ered by a Gilson Minipuls 2 peristaltic pump
connected to a pulse dampener. The combined
flows passed through a knotted reactor {75 cm,
0.51 mm i.d.} to promote complete mixing
before passing to either the L-AAQ reactor or
the D-AAOQ reactor. This flow was then mixed
with the reagent solution propulsed by a Gilson
Minipuls 2 peristaltic pump. A guard column
(silanol 3 ml, Analytichem, USA) was inserted
into the reagent line to adsorb impurities. The
combined flows were thoroughly mixed in a
second knotted reactor (75 cm, 0.51 mm i.d.)
before reaching the HRP reactor. The absorb-
ance was monitored in a 11-pl flow-through
cell (LKB, Sweden, Model 2141).

The activity of the different IMERs was
tested in the flow injection analysis (FIA)
mode using the same set-up as shown in Fig. 1,
the sole difference being that the analytical
column and the LC pump were removed.

Results and Discussion

Enzymatic detection reactions

L- and D-amino acids are deaminated by L-
AAO and D-AAQ, respectively, in the
presence of molecular oxygen and water to
give equimolecular amounts of the oxo-acid,
ammonia and hydrogen peroxide:

. . L-AAQ
L-amino acid + O, + H,0 ——

2-ox0 acid + NH; + H,0;, (1)

. . P-AAO
p-amino acid + O, + H,O —

2-0x0 acid + NH; + H,0,. (2)
Different techniques have been applied to
monitor these reactions, e.g. amperomettic
[18], conductometric [27], chemiluminiscence
[28, 29], and fluorescence methods [30]. Hy-
drogen peroxide can also be enzymatically
converted in a successive indicator reaction by
the action of HRP to form a red-coloured
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complex (a quinoneimine) with an absorbance
maximum at 514 nm [31]:

HRP
H,0, + 4-AP + DCPS BB

quinoneimine + H,O. 3)
Stereoselective detection system

In the design of analytical IMERSs used in the
post-column chromatographic mode, the con-
version efficiency should be optimized owing
to its relation to the mean residence time
which, in turn, is related to the dispersion [32,
33]. This should be taken into consideration to
prevent band broadening of the chromato-
graphic separation [34].

The selectivity and apparent activities of the
immobilized L-AAO and pD-AAQO preparations
were measured in the FIA mode by 50-ul
injections of 0.5 mM amino acid solutions. A
0.1 m phosphate buffer, pH 7.0, was pumped
(0.3 ml min" '} through the injector to either
the L-AAO or the D-AAO reactor. Chromo-
gens were pumped (0.6 ml min~') in a second
channel to a confluence point where the stream
mixed with the sample stream. The volumes of
the L-AAO reactors were 50 and 85 pl for the
azo and the glutaraldehyde coupling, respec-
tively. The volumnes of the D-AAQO reactors
were 122 pl for the azo and 64 wl for the
glutaraldehyde coupling, respectively. The re-
sults obtained with the L-AAO and D-AAQ
reactors are shown in Figs 2 and 3, respec-
tively, and estimated as relative conversion
values which are calculated in relation to that
for phenylalanine [9, 18, 35]. The amino acids
are considered according to the chemistry of
their side chains. Both enzymes present a
broad selectivity, but neither L-AAQO nor D-
AAQ in either preparation showed any activity
for non-chiral (glycine), or for aspartic, glut-
amic acids, or threonine.

The conversion efficiencies for L-phenyl-
alanine were 90 and 82% for the azo and
glutaraldehyde coupling, respectively. The
conversion efficiencies for D-phenylalanine
were 46 and 24% using the azo and glutar-
aldehyde coupling, respectively. L-AAQO, azo

coupling, showed conversion efficiencies
higher than 55% for seven amino acids: leucine
(92%), isoleucine (56%), phenylalanine

(90%), tyrosine {90%), tryptophan {86%),
cysteine (61%) and methionine (90%).
Histidine, arginine, glutamine, alanine and
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Figure 2

Relative conversion efficiencies of immobilized L-AAO for
different L-amine acids using glutaraldehyde (O} and azo
(W) coupling. For details, see text.

valine were oxidized with a lower efficiency
due to the lower activity of the free enzyme for
these amino acids [35]. pD-AAQ, with azo

coupling, showed conversion efficiencies
higher than 45% for: valine (48%), leucine
(54%), isoleucine (63%), phenylalanine

(46%), tyrosine (6% ), methionine (68%) and
proline (68%). Conversion efficiencies be-
tween 10 and 25% were found for alanine
(11%), tryptophan (16%) and cysteine (23%).
These conversions are evaluated in relation to
the response for injections of stoichiometric
amounts of hydrogen peroxide.

The azo coupling yields higher relative con-
versions mainly for D-AAQ, indicating that
different active enzyme loadings (¢ = k; (EY
D.K%P) [36] were achieved in the azo and in
the glutaraldehyde coupling. The loading fac-
tor depends on the inherent dissociation con-
stant of the product from the enzyme (k) the
concentration of enzyme in the support ([E}]),
the diffusion coefficient of the substrate (D.),
and the apparent Michaelis constant (K3f").
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Figure 3

Relative conversion efficiencies of immobilized n-AAO
for different D-amino acids using glutaraldehyde (O) and
azo (M) coupling. For details, sce text.

Whether the differences found are due to
different concentrations of active enzymes on
the supports, or on a change in the kinetics of
the immobilized enzymes, or both, after the
different immobilization procedures, cannot be
deducted. Similar results have been found for
immobilized HRP [24]. The different chem-
istry involved in the two coupling procedures
may modify the activity of the immobilized
enzyme and contribute significantly to the
conversion efficiency and ultimately to the
band broadening observed [34].

Applications

The method was applied for the sterco-
selective detcrmination of L- and D-amino
acids in spiked serum samples with the mani-
fold shown in Fig. 1. The mobile phase (0.4 m]
min ') was a 75 mM sodium citrate buffer at
pH 4.5. The make-up flow (0.3 ml min~ )
consisted of a 0.1 M pyrophosphate buffer at
pH 10.4, making the enzymatic reaction pro-
ceed at pH 7.0 in the IMERs. The reagent
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Figure 4

Chromatographic separation and post-column catalytic
detection of: (a) deproteinized, filtered and 10x diluted
human serum; and (b} spiked serum with (2) L-CySH
500 pM, (3) L-Leu 100 pM, (4) L-Phe 100 pM, and (5) L-
His 500 uM using t-AAO and HRP reactors. (1) rep-
resents an unknown peak. For details, see text,
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Figure 5

Chromatographic separation and post-column catalytic
detection of: {a) deproteinized, filtered and 10x diluted
human serum; and (b) spiked serum with (1) D-CySH
500 puM, (2) D-Leu 250 pM and (3) p-Phe 500 pM using D-
AAO and HRP reactors. For details, see text.

solution (0.3 ml min ') consisted of: 1 mM 4-
AP, 4 mM DCPS and 1 mM DCP [31]. The
volumes of the reactors used in Figs 4 and 5
were 85 wl (1.5 mm i.d., length 48 mm) and
122 pl (2.4 mm i.d., length 27 mm) for the 1-
AAQ glutaraldehyde coupling and the b-AAQO
azo coupling reactor, respectively. The per-
oxidase reactor was 177 pl (1.1 mmi.d., length
52.6 mm in volume}.

Figure 4 shows the chromatograms obtained
with a 100-pl injection of: (a) deproteinized,
and 10 times diluted human serum; and (b) the
same diluted serum after addition of L-phenyl-
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alanine (100 pM), r-leucine (100 pM), L-
cysteine (500 pM) and L-histidine (500 pM).
Figure 5 shows the chromatograms obtained
when the D-AAQ reactor was used with 100 ul
of deproteinized, and with 10 times diluted
human serum injected (a). The upper chro-
matogram (b) corresponds to spiked serum
(10x) with D-phenylalanine (500 pM), b-
leucine (250 pM) and p-cysteine (500 pM).
Samples were filtered through sterile Millipore
0.22-pm membranes before being injected into
the LC system.

Conclusion

The present work shows the uscfulness of
post-column enzymatic reactions for enantio-
selective detection in LC using achiral station-
ary and mobile phases. Further work is in
progress to extend and improve the separation
step. Wider applications of the method include
the use of other enzymes, such as amino-
peptidases and carboxypeptidases in the pre-
column mode, enabling separation and de-
tection of the released amino acids using the
stereoselective amino acid oxidases, extending
the application of LC-IMER (pre- and post-
column mode) into new and promising areas.
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