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Studies on the degradative enzyme of the novel bioactive substance D-glutamate
that is related to heart diseases
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In mammals, metabolism of free D-glutamate is regulated by D-glutamate
cyclase (DGLUCY), which reversibly converts D-glutamate to 5-oxo-D-proline and H20. In this study,
we established a simple, accurate, and sensitive colorimetric assay method for measuring DGLUCY
activity. Furthermore, we performed the study to elucidate the structure-function relationship of
DGLUCY. Specifically, we cultured Escherichia coli cells that express the N-terminal region or
C-terminal region of mouse DGLUCY, and tried to purify their recombinant proteins. The results
indicated that the recombinant form of the N-terminal region of mouse DGLUCY was purified to near
homogeneity. By contrast, the recombinant form of the C-terminal region of mouse DGLUCY was not
recovered into the soluble fraction even under a wide range of culture conditions.
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Fig.2  Optimization of the colorimetric method for the determination of D-Glu cyclase (DGLUCY) activity and
sensitivity to 5-oxo-D-Pro under the optimized conditions. (A) Absorbance spectra of derivatives formed from 5-
ox0-D-Pro and 2-nitrophenylhydrazine hydrochloride (2-NPH) in an alkaline solution. Wavelength scans were
carried out at room temperature in the range of 400-700 nm. (B) Effects of temperature (37°C, open circles, or
60°C, closed diamonds) and time on derivatization of 5-oxo-D-Pro with 2-NPH. Data are expressed as means +
standard deviation (n = 3—4). No significant differences were detected among samples (P > 0.05, Tukey—Kramer
multiple comparison test), as indicated by the use of the same letters for all symbols. (C) Effects of concentrations
of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC) on derivatization. Data are expressed as means +
standard deviation (n = 3). Where not evident, error bars are smaller than the symbols used. Differences were
statistically significant (P < 0.05, Tukey—Kramer multiple comparison test) among symbols marked with different
letters. (D) Effects of pyridine concentration on derivatization. Data are expressed as means =+ standard deviation
(n = 3). Where not evident, error bars are smaller than the symbols used. Differences were statistically significant
(P <0.05, Tukey—Kramer multiple comparison test) among symbols marked with different letters. (E) Effects of
concentrations of 2-NPH on the derivatization. Data are expressed as means + standard deviation (n = 3). Where
not evident, error bars are smaller than the symbols used. Differences were statistically significant (P <0.05, Tukey—
Kramer multiple comparison test) among symbols marked with different letters. (F) Sensitivity of the colorimetric
method to 5-oxo-D-Pro under the optimized conditions. Calibration curves for 5-oxo-D-Pro were determined by the
colorimetric method in 96-well (open circles) and 384-well (closed diamonds) plates.

Flafix, bt @ OFEBREIT/R-o7EZA, MATEEEZ AV TIRE LT Kn B L kea 13
WL HPLC-UV EEZ W TIRE LB L REDETH 7= (Table 1), ZHHDFEERNG,
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Table 1  Apparent steady-state kinetic parameters of purified recombinant D-Glu cyclase by the indicated
methods with D-Glu as substrate.

Method K (mM) ket (min™")
HPLC-UV detection 31.9+£23 35.6+0.1
Colorimetry (96-well) 25.0+5.3 39.1+£23
Colorimetry (384-well) 31.3£1.9 39.7£5.0

Enzymatic activity toward 5-80 mM D-Glu was determined in 50 mM borate buffer (pH 8.0) at 37°C. Data are
means + standard deviation (n = 3).
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Fig. 3  Determination of D-Glu cyclase (DGLUCY) Fig. 4  Determination of D-Glu cyclase (DGLUCY)

activity in cell lysates at the indicated time points using
the colorimetric method. The reactions were performed
for the indicated times; in these experiments, 50 pg cell
lysates prepared from wild-type (MEF WT; open
diamonds) and DGLUCY-deficient (MEF KO; closed
circles) mouse embryonic fibroblasts (MEFs) were used
as a source of enzyme. The y-axis indicates the amounts
of 5-oxo-D-Pro product, which was determined by the
colorimetric method in 96-well (A) and 384-well (B)
plates. Data are expressed as means + standard
deviation (n = 3). Where not evident, error bars are
smaller than the symbols used.

activity in the indicated amounts of cell lysates by the
colorimetric method. The reactions were performed for
15 h; in these experiments, the indicated amounts of cell
lysates prepared from mouse embryonic fibroblasts
(MEFs) derived from wild-type mice (MEF WT; open
diamonds) and DGLUCY-deficient mice (MEF KO;
closed circles) were used as the source of enzyme. The
y-axis indicates the amount of 5-oxo-D-Pro product,
which was determined by the colorimetric method in
96-well (A) and 384-well (B) plates. Data are expressed
as means * standard deviation (» = 3). Where not
evident, error bars are smaller than the symbols used.
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