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Studies on L-Glutamate Oxidase with Strict Substrate Specificity from Streptomyces sp.
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L-glutamate oxidase (LGOX) from Streptomyces sp. is a heterohexameric flavin enzyme that catalyzes
the oxidative deamination of r-glutamate to form a-ketoglutarate with ammonia and hydrogen peroxide.
LGOX shows strict substrate specificity for L-Glu. In addition, it is highly thermostable and pH stable.
Because of these properties, LGOX is currently used as a biosensor for the trace determination of L-Glu
in the food industry and clinical laboratories. The full-length cDNA is 2103 bp and is encoded by a single
polypeptide chain consisting of 701 residues including subunits a-y-f. The LGOX gene was heterolo-
gously expressed in Escherichia coli JM109. The LGOX precursor expressed in E. coli is a homodimer with
weak enzymatic activity and becomes a heterohexamer upon activation by protease treatment. X-ray
crystallography and docking studies of purified recombinant LGOX suggest that the Arg305 residue is a
key residue for substrate recognition. Mutant analysis showed that Arg305 is essential for substrate rec-
ognition, as the activity toward r-Glu was greatly reduced and substrate specificity was changed in some
enzymes. The functional analysis of R305E-LGOX, which is an L-Arg oxidase, revealed that R305E-
LGOX can be used as a enzyme biosensor for L-Arg.
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Fig. 1

Electrophoretic and chromatographic analysis of recom-
binant LGOX and Sgmp-treated recombinant LGOX.%
(A) 15% SDS-PAGE of recombinant LGOX precursor
from Streptomyces sp X-119-6, its Sgmp digestion, and
LGOX maturation. Molecular weight markers are shown
on the right side of the gel. (B) 15% Native PAGE of
LGOX isolated from Streptomyces sp X-119-6, its Sgmp
digest, and LGOX mature. (C) FPLC gel filtration profiles
of recombinant LGOX (2 mg/injection) and Sgmp-
treated recombinant LGOX (2 mg/injection).
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B N-terminal

Fig. 3 Overall structure of the LGOX mature.’®

Functional hexamer with two protomers (a»82y2). On the
left side of the protomer, the a—-fragment, S-fragment,
and y-fragment are color-coded orange, green, and blue,
respectively ; FAD is shown in the CPK color scheme ;
the N terminus of the S-fragments and y-fragments and
the C terminus of the a—fragments and y-fragments are
indicated by arrows.
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Fig. 4 Proposed docking study model for —glutamate binding
at the active site of LGOX.'®
The residues associated with the 1-glutamate binding are
indicated as sticks with color according to the atom type.
The isoaloxazine ring of FAD is shown in yellow for CPK,
and N5 is shown in blue.
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Fig. 2 Measurement of liver function values (GOT, GPT, y-GTP) in serum using LGOX and hydrogen peroxide electrode.?
Reactions were performed in 100 mM potassium phosphate buffer containing 100 mM KCI, and 10 1 of serum sample was used.
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Fig. 5 Oxidative activities of wild-type and R305X LGOXs toward L-leucine, L-phenylalanine, L-asparagine, -histidine, L-arginine,

and | -glutamate.®

The values are the average of two independent experiments.
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Fig. 6 Comparison of substrate specificity between R305E-LGOX and LGOX."”
Relative oxidative activity is shown in magenta for R305E-LGOX and blue bars for LGOX. The most active substrate was

designated as 100% relative activity. Enzyme activity was measured at 40C with 1 mM substrate.
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EOISREWIZE L, 28C, 555 nm TOWILE %
EFZF— L2k Ah, SHHIRDOA Y Fax—a T
WD IRR L o727, KMEEREERL, L-Arg BREE
WRLTTay M LAKR, L-ArgiBE 0 ~100 uM @
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0, JERENF09993 TH o7 (Fig8). 473 /7>
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Linear relationship between hydrogen peroxide produc-
tion by LGOX R305E and L-arginine concentration.””
The absorbance at 555nm is plotted against the
L-arginine concentration from 0 to100 uM. The magnified
plot in the range from 0 to 10 M of p-arginine is shown
as an inset. The linear regression equation with the
coefficient of determination is also shown in the graph.

Fig. 8

Fig. 7 Comparison of the active site structure of the L-arginine complex of R305E-LGOX with the ligand-free active site structure of

LGOX."”
(a) Ligand-free structure of LGOX

(b) Active site structure of R305E-LGOX with r-arginine

(c) Superposition of the active site of R305E-LGOX (green) and the complex of L-arginine and R305E-LGOX (light blue)
Nitrogen and oxygen atoms are color-coded in blue and red. Possible hydrogen bonds are indicated by red broken lines.

Table 1  Kinetic parameters of LGOX, R305 variants and AROD"™
Enzyme Substrate Spec(lg;z(it;wty (nf&) (IZ,T) fli;["/liir;
R305E-LGOX L-Arg 75 0.223 = 0.071 342 = 061 153 x 10*
R305D-LGOX L-Arg 15 7.20 1.65 229 x 10
LGOX L-Glu 57 0.173 53.2 308 x 10°
AROD L-Arg 0.19 0.149 - -
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