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New enzymatic methods for selective assay of L-lysine using an L-lysine specific
decarboxylase/oxidase from Burkholderia sp. AIU 395
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We developed new enzymatic methods for the selective assay of L-lysine by utilizing an oxidase reaction and a
decarboxylation reaction by the L-lysine-specific decarboxylase/oxidase (L-Lys-DC/OD) from Burkholderia sp. AIU 395. The
method utilizing the oxidase reaction of this enzyme was useful for determination of high concentrations of r-lysine.
The method utilizing the decarboxylase reaction, which proceeded via the combination of the r-Lys-DC/OD and pu-
trescine oxidase (PUO) from Micrococcus rubens, was effective for determination of low concentrations of L-lysine. Both
methods showed good linearity, and neither was affected by other amino acids or amines. In addition, the within-assay
and between-assay precisions of both methods were within the allowable range. The coupling of 1-Lys-DC/OD with PUO
was also useful for the differential assay of L-lysine and cadaverine. These newly developed methods were applied to the
assay of L-lysine in biological samples and found to be effective.
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L-Lysine is an essential amino acid for humans and plays
important roles in calcium absorption and recovery from surgery or
sports injuries. L-Lysine is also known to be present in high con-
centrations in the blood of individuals with hyperlysinemia. Since L-
lysine is an important amino acid in the nutrition and diagnostic
fields, several assay methods for this amino acid have been devel-
oped using an amino acid analyzer (1), high performance liquid
chromatography (HPLC) (2), and enzymes (3—5). Among these
methods, the enzymatic approaches have the advantages of being
fast and relatively simple. In addition, the two enzymatic methods
developed using 1-lysine a-oxidase (EC 1.4.3.14) from Trichoderma
viride (3,4) and L-lysine e-oxidase (EC 1.4.3.20) from Marinomonas
mediterranea (5) also have advantages in terms of sensitivity,
because the hydrogen peroxide generated by the oxidative deam-
ination of L-lysine can be assayed by color development methods
with high sensitivity. However, these enzymatic methods also have
a disadvantage in terms of the substrate specificity for selective
assay of L-lysine, since the enzymes employed oxidize several other
amino acids in addition to t-lysine (6,7). Recently, we identified a
new enzyme, L.-amino acid oxidase/oxygenase (L--AAO/MOG) from
Pseudomonas sp. AIU 813 (8), and used it to develop an enzymatic
method for the selective assay of L-lysine. The method utilizing 1-
AAO/MOG exhibited good selectivity in the L-lysine assay, but the
sensitivity was lower than that of the other L-lysine assay methods,
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because hydrogen peroxide was formed by the oxidative deami-
nation reaction, but not by the oxygenation reaction. The sensitivity
of the .-AAO/MOG method was then improved by coupling with a
new amine oxidase from Aspergillus carbonarius AIU 205, but the
improved method still had low sensitivity (9). Thus, there is need of
a more selective assay method with high sensitivity for 1-lysine.

More recently, we found a novel enzyme, L-lysine decarbox-
ylase/oxidase (L-Lys-DC/OD), which exhibited L-lysine oxidase ac-
tivity as well as 1-lysine decarboxylase activity, from Burkholderia
sp. AIU 395 (10). The enzyme rapidly oxidized L-lysine and slowly
oxidized cadaverine and 5-hydroxy-i-lysine, but did not oxidize
other L-amino acids. In addition, the K, values of this enzyme for
cadaverine and 5-hydroxy-L-lysine were much higher than that for
L-lysine, and the V.« values for both substrates were lower than
that for 1-lysine. Thus, the substrate specificity and kinetic charac-
teristics of the 1-Lys-DC/OD had merits for the selective assay of
L-lysine compared to the other enzymes, although the enzyme
catalyzed both decarboxylation and oxidation reactions and the
speed of the former reaction was much greater than that of the
latter one. In this study, therefore, we developed new enzymatic
methods for the selective assay of i-lysine using the 1-Lys-DC/OD. In
addition, we describe a differential assay method for 1-lysine and
cadaverine using the L-Lys-DC/OD and putrescine oxidase (PUO)
from Micrococcus rubens IFO 3768.

MATERIALS AND METHODS

Chemicals and enzymes  1-Lysine, L-ornithine, 5-hydroxy-pi-lysine, other -
amino acids, and cadaverine were purchased from Wako Pure Chemicals (Osaka,
Japan). All other chemicals used were of analytical grade and commercially available.
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Peroxidase (POD) was a gift from Amano Enzyme (Nagoya, Japan). The -Lys-DC/
OD from Burkholderia sp. AIU 395 was purified according to our previous report (10).
The PUO from M. rubens IFO 3768 was purified according to the procedure of Adachi
et al. (11) with slight modification.

Assay of enzyme activity = The 1-lysine oxidase (1-Lys-OD) activity of L-Lys-
DC/OD was assayed by measuring the initial rate of hydrogen peroxide formation at
pH 6.0 as follows. The standard reaction mixture contained 5 pmol of L-lysine,
0.12 pmol of 4-aminoantipyrine (4-AA), 0.38 pmol of N-ethyl-N-(2-hydroxy-3-sul-
fopropyl)-3-methylaniline sodium salt dihydrate (TOOS), 1.8 units of POD, 0.1 mmol
of potassium phosphate, pH 6.0, and an appropriate amount of enzyme in a final
volume of 1.0 ml. The assay of enzyme activity was started by addition of enzyme
solution, and hydrogen peroxide formation was spectrophotometrically followed at
30°C for 5 min by measuring the absorbance at 555 nm.

The PUO activity was assayed by measuring the hydrogen peroxide formation
rate under the same assay conditions as in the above -Lys-OD activity measurement,
except that 5 pmol of cadaverine and 0.1 mmol of potassium phosphate, pH 7.0, were
used.

One unit of enzyme activity for the above two enzymes was defined as the
amount of enzyme catalyzing the formation of 1 pmol of hydrogen peroxide per min.
The molar absorptivity value of 16.5 x 10> M~' cm™! was used to calculate the
enzyme activity.

Principle of the selective assay of L-lysine and differential assay of L-lysine
and cadaverine  The 1-Lys-DC/OD from Burkholderia sp. AIU 395 is specific to L~
lysine and catalyzes different reactions, i.e., decarboxylation and oxidation, for L-
lysine. In the former reaction, i-lysine is converted into cadaverine without the
formation of hydrogen peroxide, while the latter reaction catalyzes conversion of L-
lysine into 6-oxo-2-aminohexanoic acid and hydrogen peroxide is formed (10). In
addition, the former reaction speed is much greater than that of the latter
reaction. The PUO from M. rubens IFO 3768 oxidizes putrescine, cadaverine and
spermidine but does not oxidize L-amino acids (11). On the basis of the differences
of reaction specificity and substrate specificity of both enzymes (Fig. 1), new
enzymatic methods for the selective assay of L-lysine were developed utilizing -
Lys-DC/OD or 1-Lys-DC/OD plus PUO, and that for differential assay of L-lysine and
cadaverine was developed utilizing 1-Lys-DC/OD and PUO as follows.

Selective assay of L-lysine with L-Lys-DC/OD  The substrate solution con-
taining 0—1.0 umol of L-lysine was incubated at 30°C for 3 min with a color devel-
oping reagent I consisting of 0.12 umol of 4-AA, 0.38 pmol of TOOS and 1.8 units of
POD in 0.9 ml of 0.1 mmol of potassium phosphate, pH 6.0. Then, 0.1 ml of L-Lys-DC/
OD solution (1.3 m units) was added into the above solution, and the hydrogen
peroxide formed by L-lysine oxidation was followed at 30°C for 20 min by measuring
the absorbance at 555 nm.

Differential assay of i-lysine and cadaverine with L-Lys-DC/OD and
PUO In the first step, a substrate solution containing 0—30 nmol of L-lysine
and 30 nmol of cadaverine was incubated at 30°C for 3 min with the color reagent I
in 0.9 ml of 0.1 mmol of potassium phosphate, pH 7.0. Then, 50 pl of PUO solution
(0.2 units) was added to the above solution, and the hydrogen peroxide formation
was followed at 30°C for 30 min by measuring the absorbance at 555 nm (hydrogen
peroxide is generated from cadaverine in this step, and a violet color develops). After
finishing the cadaverine oxidation, 50 ul of 1-Lys-DC/OD solution (2.3 m units) was
added to the reaction mixture, and the hydrogen peroxide generated by L-lysine
oxidation was further followed at 30°C for 30 min by measuring the absorbance at
555 nm (hydrogen peroxide is formed from t-lysine in this step, and a violet color
develops).
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FIG. 1. Reaction of t-Lys-DC/OD and PUO.
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Selective assay of L-lysine with -Lys-DC/OD and PUO  On the basis of the
above differential assay method, a new enzymatic method for selective assay of L-
lysine with high sensitivity was developed. In the first step, the substrate solution
containing 0—60 nmol of t-lysine and 60 nmol of cadaverine was incubated at 30°C
for 3 min with a reagent I-a consisting of 0.12 umol of 4-AA and 1.8 units of POD in
0.9 ml of 0.1 mmol of potassium phosphate, pH 7.0. Then, 50 pl of PUO solution (0.2
units) was added to the solution, and the hydrogen peroxide generated by cadav-
erine oxidation was followed at 30°C for 30 min by measuring the absorbance at
555 nm (absorbance does not develop in this step, because the hydrogen peroxide
formed is removed by the formation of a colorless compound, as described in
Ref. 13). After finishing the above cadaverine oxidation, 50 pl of a reagent I-b con-
sisting of 2.3 m units of L-Lys-DC/OD and 0.38 pmol of TOOS was added to the above
reaction mixture, and the hydrogen peroxide generated from t-lysine was followed
at 30°C for 30 min by measuring the absorbance at 555 nm (hydrogen peroxide,
which is formed from i-lysine by the oxidation reaction of 1-Lys-DC/OD and by the
decarboxylation reaction of L-Lys-DC/OD plus the oxidation reaction of PUO, is
recognized by a violet color).

Deviation of the selective assay method with 1-Lys-DC/OD and
PUO  Solutions containing 60 nmol cadaverine and 10, 30 or 60 nmol of L-
lysine were used as substrates. The deviation was evaluated by the procedure
described above in the section on the selective assay method with 1-Lys-DC/OD and
PUO, using 10 samples for each concentration of L-lysine. Within-run precisions
were calculated from the data at each concentration. The between-assay precision
was analyzed using the newly prepared color development reagent and three
different samples. The assay was carried out on five different days.

Correlation between the enzymatic method and HPLC method The -
lysine assay was carried out by HPLC, the selective assay method was performed
using t-Lys-DC/OD and PUO, and five food samples were analyzed [two kinds of plain
soup stock, milk, soy milk, and miso (fermented soybean paste)]. The sample solu-
tions for -lysine assay were prepared as follows. First, 10 g of each sample was
dissolved in 10 ml of MilliQ and vigorously mixed. The solutions were then centri-
fuged to remove the precipitates. Proteins in the samples were further removed
using a Microcon YM-10 filter (Millipore, Bedford, MA, USA) prior to the enzymatic
assays and HPLC analyses. The filtrates were directly applied to the enzymatic assays.
In the case of HPLC analysis, the filtrates were derivatized by an AccQ-Tag Ultra
Derivatization Kit (Waters, Milford, MA, USA) according to the manufacturer’s
manual. Subsequently, the analytes were subjected to liquid chromatography by the
UPLC system equipped with an AccQ-Tag Ultra column (1.7 pm, 100 x 2.1 mm i.d.;
Waters) (12). AccQ-Tag Ultra eluents A and B were used at a flow rate of 0.7 ml/min
under the gradient described in the manufacturer's manual. The elution of
derivatized 1-lysine was detected by monitoring the absorbance at 260 nm.

RESULTS

Effects of pH on enzyme activity and stability = The effects of
pH on the enzyme activity and stability of L-Lys-DC/OD and PUO
were analyzed as follows. When the 1-Lys-OD activity of 1-Lys-DC/
OD was assayed under standard assay conditions except that the pH
was varied between 5.0 and 8.5, the oxidase activity was detected
in these pH ranges and maximum enzyme activity was obtained at
pH 6.0 (Fig. 2A). The effect of pH on the stability of 1-Lys-DC/OD was
investigated by incubation at 30°C for 30 min in the pH range from
5.0 to 8.5. After this incubation, more than 85% of enzyme activity
remained in the pH range between 5.0 and 7.0 (Fig. 2A). Then, the
effect of temperature on the 1-Lys-OD activity of L-Lys-DC/OD was
assayed under standard assay conditions, except that the reaction
temperature was varied between 20°C and 60°C. The maximal
oxidase activity for L-lysine was obtained at 50°C (Fig. 2B). When
L-Lys-DC/OD was incubated at pH 6.0 for 30 min between 20°C
and 60°C without substrate, approximately 90% of the enzyme
activity remained below 45°C, but the activity was completely
lost at 55°C (Fig. 2B).

It has been reported that PUO was stable in the pH range from
6.0 to 8.0, but the optimal pH for cadaverine oxidation of PUO was
not studied. We therefore assayed cadaverine oxidase activity of the
PUO in the pH range from 5.0 to 8.5. The oxidase activity for
cadaverine was detected from pH 6.5 to pH 8.5, and the highest
enzyme activity was obtained at pH 8.5 (Fig. 2A). These results
indicated that reaction at pH 6.0 was desirable for the L-lysine assay
using 1-Lys-DC/OD and reaction at pH 7.0 was desirable for the L-
lysine assay by the combination of 1-Lys-DC/OD and PUO.
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