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D-Aspartate oxidase activity and D-aspartate content in a mutant mouse strain lacking D-amino acid
oxidase
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Summary. A mutant mouse strain ddY/DAO™ lacks D-amino acid oxidase activity and accumulates free neutral
D-amino acids in its tissues. In this study, D-aspartate oxidase activity and D-aspartate content in the tissues of these
mutant mice were compared with those of normal mice. No significant difference was observed, indicating that the

metabolism of acidic D-amino acids was unaffected in the mutant.
Key words. D-Amino acid oxidase; D-aspartate oxidase; D-aspartate;, mutant mouse.

D-Amino acid oxidase and D-aspartate oxidase in mam-
mals are FAD enzymes with a molecular weight of ap-
proximately 39,000. Both are found in peroxisomes in
tissues like kidney, liver and brain, and both catalyze the
oxidative deamination of D-amino acids. The main dif-
ference between the two enzymes is in the substrate
specificity; the former oxidizes neutral D-amino acids,
whereas the latter oxidizes acidic D-amino acids. This
pattern suggests that the two enzymes have complemen-
tary roles, although their physiological function remains
obscure. In addition to the difference in the substrate
specificity, there are clear differences in the inhibitor
specificity; benzoate is a potent inhibitor of D-amino
acid oxidase! without significant effect on D-aspartate
oxidase >3, whereas meso-tartrate selectively inhibits D-
aspartate oxidase* 5.

Making use of the strict difference in the substrate
specificities, D-aspartate oxidase and D-amino acid oxi-
dase activities have been separately assayed in the same
sample, with D-aspartate and D-alanine as the sub-
strates . The validity of the method was supported by the
finding that the observed activities of the two enzymes
were markedly inhibited only by the selective inhibitor of
each enzyme©.

The presence of D-amino acid oxidase in mouse tissues
has been known for a long time; it was once reported that
the enzyme was absent from the liver?, but its presence
was recently demonstrated by Nagata et al. with sensitive
methods to assay activity® and an enzyme-linked im-
munosorbent method °.

There has been no information on D-aspartate oxidase in
mouse tissues before the report by Yamada et al.!°,

which showed the presence of the enzyme activity in
several tissues including kidney, liver and brain. It was
further shown that administration of D-aspartate to mice
increased the liver enzyme activity ''. As expected, the
activity was sensitive to meso-tartrate, but not to ben-
zoate.

Recently, Konno et al. established a mutant mouse
strain, ddY/DAO™, which lacks D-amino acid oxidase
activity 12, Genetic crosses showed that the mutant car-
ried an autosomal codominant null allele for both kidney
and brain enzymes '2. Moreover, the mutant mice were
found to have higher D-amino acid contents and excrete
more D-amino acids in the urine than normal mice 1312,
In view of the close similarity between the two enzymes
described above, and the suggestion that there is a com-
plementary relationship, it was quite interesting to us
whether D-aspartate oxidase was intact or affected in the
mutant strain. In the present study we compared the
enzyme activity and D-aspartate content in the tissues of
the mutant strain with those in the normal strain.

Materials and methods

The mutant mouse strain ddY/DAO ™, lacking D-amino
acid oxidase activity, was established by Konno et al. *?
and raised on a stock diet (type NMF; Oriental Yeast,
Japan) together with the normal control ddY/DAO*
mice. Male mice (6—7 weeks old) were chosen for the
experiment. The mice were killed by decapitation, and
the liver, kidney and brain were rinsed with ice-cold sa-
line to remove blood, and stored at — 80 °C before use.
Assay of D-aspartate oxidase activity was conducted as
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Table 1. D-Amino acid oxidase activity in the kidney and D-aspartate oxidase activity in the kidney, brain and liver of mutant ddY/DAO™ and normal

ddY/DAO™ mice. Values are mean + SD for 5 or 6 animals.

D-Amino acid
oxidase activity
(nmol/min - mg protein)

Strain

D-Aspartate oxidase activity
(pmol/min - mg protein)

Kidney Kidney Brain Liver
ddY/DAO™ (n=5) 0.52 + 0.07 884 + 132 110 + 22 47 + 16
ddY/DAO™ (n = 6) 153 +18 1011 + 138 126 + 24 3646

described elsewhere °. For assay of free D-aspartate, the
organs were homogenized with 10 vols of 6% perchloric
acid at 0°C in a Potter-Elvehjem homogenizer equipped
with a Teflon pestle, and the homogenate was centrifuged
at 42,000 x g for 20 min at 4°C. The supernatant was
neutralized with KOH, chilled for 20 min and centrifuged
at 4 °C again. The supernatant (2—4 ml) was loaded on a
Dowex 1 x 2 (100—-200 mesh, acetate form) column (1 ml
volume). After washing the column with 10 ml of water,
D-aspartate was eluted with 7.5 ml of 1 M acetic acid.
The eluent was concentrated to dryness under reduced
pressure to remove acetic acid and the residue was dis-
solved in water containing 40 uM L-cysteic acid.

The sample solution was analyzed by the HPLC method
of Aswad'®, with the modification that L-cysteic acid
was employed as the internal standard. A Gilson HPLC
system was used, and the detector was a Gilson Model
121 fluorescence detector equipped with a 240—410-nm
excitation filter and a 430-nm emission filter. Detector
response was monitored on a SIC Chromatocorder 12. A
reversed phase HPLC column, (4.6 x 100 mm) packed
with 3-pm-diameter Cosmosil 3C18, was obtained from
Nacalai Tesque Inc. (Kyoto, Japan). The solvent system
was 50 mM sodium acetate buffer, pH 5.9 containing 4 %
(v/v) methanol and the flow rate was 0.8 ml/min. Protein
concentration was measured by the method of Lowry et
al. 17,

Results

Table 1 shows D-amino acid oxidase activity in the kid-
ney and D-aspartate oxidase activity in the kidney, brain
and liver of the mutant ddY/DAO ™ and the normal ddY/
DAO™ mice. The D-amino acid oxidase activity in the
kidney, which is usually the highest in the various mouse
tissues, was very low in the mutant mice compared with
that in the normal ddY/DAO™ mice. On the other hand,
there was no difference between ddY/DAO™ and ddY/
DAO™ strains in the D-aspartate oxidase activity of kid-
ney, brain and liver.

Table 2. Free D-aspartate content in the kidney of the mutant ddY/-

DAO™ and the normal ddY/DAO™ mice. Values are mean + SD for 5 or
6 apimals.

Free D-aspartate
(nmol/g wet wt)

Strain

ddY/DAO™ (n = 5)
ddY/DAO™ (n = 6)

19.1 £35
16.2+9.4

Table 2 shows free D-aspartate content in the kidney of
the mutant ddY/DAO ™~ and the ddY/DAO™ mice. The
data indicate that there is no difference between the mu-
tant and the normal mice.

Discussion

The finding that there was no difference between the
mutant ddY/DAO ™~ and the normal ddY/DAO* mice in
the free D-aspartate content of the kidney contrasts with
the finding that free neutral D-amino acids accumulated
in the mutant mice because of the lack of D-amino acid
oxidase 18. Thus the result confirms that D-amino acid
oxidase does not oxidize D-aspartate in vivo, which is
congistent with the substrate specificity of this enzyme as
found in vitro. The result also indicates that accumula-
tion of neutral D-amino acids does not influence the
concentration of D-aspartate in tissues.

As described above, lack of D-amino acid oxidase activ-
ity in the mutant mice was not accompanied by any
significant decrease of D-aspartate oxidase activity in the
kidney, brain and liver. This finding suggests that each
enzyme is synthesized independently, although D-amino
acid oxidase closely resembles D-aspartate oxidase in
function and in amino acid composition °. Tt does not
seem possible that D-amino acid oxidase could be a pre-
cursor of D-aspartate oxidase. Probably, the genetic loci
of the two enzymes are not linked closely. It should also
be pointed out that D-aspartate oxidase activity in the
mutant did not increase either, despite the accumulation
of neutral D-amino acids, although it might have been
expected that D-aspartate oxidase might increase to com-
pensate for the lack of D-amino acid oxidase. This result
is compatible with the report that D-aspartate oxidase
activity was increased by D-aspartate administration,
but not by D-alanine administration®?.

In conclusion, the results seem to indicate that the
metabolism of D-aspartate and the activity of D-aspar-
tate oxidase are independent of the metabolism of neu-
tral D-amino acids and the activity of D-amino acid
oxidase, D-aspartate oxidase may have a function dis-
tinct from that of D-amino acid oxidase, as suggested by
Hamilton .

* Present address: Department of Bioengineering, Nagaoka University
of Technology, Nagaoka, Niigata 940-21 (Japan).
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Creatol (5-hydroxycreatinine), a new toxin candidate in uremic patients
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Summary. Both 5-hydroxy-1-methylhydantoin (3) and the hitherto unrecognized 5-hydroxycreatinine (2-amino-5-hy-
droxy-1-methyl-imidazol-4(5H)-one or creatol) (6) can be isolated from the urine of uremic patients, in whom these
compounds probably arise as oxidative metabolites of creatinine (1). The enhanced production of the well-known
uremic toxin, methylguanidine (8), from creatinine (1) in such patients, almost certainly occurs via the newly

recognized metabolite (6).

Key words. Creatinine; 5-hydroxycreatinine; creatol; 5-hydroxy-1-methylhydantoin; uremic toxin; uremia.

During our investigation of novel metabolites produced
in animals under abnormal conditions such as viral infec-
tion, we isolated two hydantoins, 1-methylhydantoin (2)
and its 5-hydroxy derivative (3), which eventually proved
to be bio-active as plant growth regulators®. Although
neither hydantoin has been detected in normal animals,
we recently showed that mammals do have the capacity
to metabolize (2) into (3) and thence into methylurea
(5)*3, as represented in figure 1. We therefore concluded
that the production of the new metabolite (3) in infected
animals probably depended on the formation* > of its
precursor (2) from creatinine (1) under the abnormal
conditions pertaining. Hence, we expected to find evi-
dence for the metabolite (3) in uremic patients, who were
already known* to be capable of converting creatinine
(1) into the precursor (2).

A greatly increased production of the uremic toxin®’
methylguanidine (8) has been observed in mammals with
chronic renal failure, and creatinine (1) has been impli-
cated as one of its precursors. The involvement of ‘active
oxygen’ in the oxidative conversion of creatinine (1) into
methylguanidine (8) has been demonstrated® °, as has
the increased capacity of uremic mammals to produce
such active species *°, However, the mechanism by which
the production of (8) is increased ¢ 1!+ 12 in uremic mam-
mals has remained an open question. Seeking to answer
this question, we now postulate an alternative oxidative
pathway, operative in uremic mammals, for the conver-

sion of creatinine (1) to methylguanidine (8) via 5-hy-
droxycreatinine (‘creatol’: 6) and perhaps 2-amino-1-
methyl-1H-imidazole-4,5-dione (9) (fig. 1).
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Figure 1. The metabolic pathway of creatinine (1) in uremia.



