duced form of hDAAO with buffer solutions equilibrated at increasing oxygen concentration:
the time course of absorbance change at 455 nm is monophasic. A reoxidation rate constant ot 1
x 10* M's™ 'was calculated.

The combination of steady state and pre-steady state measurements indicates that hDAAO
follows a ternary complex (sequential) kinetic mechanism (ks is too slow to belong to the ki-
netic mechanism), and that the kinetic parameters are in the same order of magnitude of those
determined for the pig kidney DAAO (the main difference is represented by the rate of flavin
reduction which is 20—fold slower in the human enzyme, see Table 1).

Interaction between hDAAQ and pLG72.

At first we focused on the demonstration of the interaction between pLG72 and hDAAO.
This interaction was investigated by means of gel permeation chromatography: a fixed amount
of pLG72 (25 nmoles) was added of increasing concentrations of hDAAO (from 5 to 200 nmo-
les). The elution volume of hDAAO was shifted from 14.1 ml to 8.1 ml, i.e., from a dimeric to a
polymeric oligomerization state. The maximal amount of hDAAO shifted to this polymeric state
was observed at a hDAAO:pLG72 ratio between 4:1 and 8:1 (see Fig. 2). The addition of 0.1 %
sarcosyl (a detergent required for the solubilization of pGL72) to hDAAO did not affect its elu-
tion volume, as well as no change in elution volume of yeast DAAO was observed following the
addition of pLG72.

The physical association between pLG72 and DAAO has been further confirmed by far
Western blot, differential scanning calorimetry and plasmon resonance (BIAcore) experiments.
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Elution volume (ml)
Fig. 2. Analysis by gel-permeation chromatography of interaction between
pLG72 and hDAAO. A fixed amount of pLG72 (25 nmoles) was added of
increasing concentrations of hDAAO (5 nmoles—200 nmoles).
Conclusions

Schizophrenia is a psichosys that affects nearly 1 % of people around the world and
accounts for about 2.5 % of health—care costs. The expression in fairly large amount of
hDAAO as a stable and active holoenzyme, the definition of its properties, and the
demonstration of the specific interaction with pLG72 paves the way to the elucidation
of the effect of pLG72 on the stability and on the kinetics of the reaction catalyzed by
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the flavoprotein DAAO in human brain. Furthermore, the availability of the
pGL72-DAAO protein complex in solution and under physiological conditions, together
with measurements to track functional and structural changes, will represent an ideal

system for finding small molecules that inhibit and/or modulate protein—protein
interactions.
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Introduction ' :

L-Lactate oxidase from Aerococcus viridans (LOX) belongs to the a-hydroxyacid-
oxidizing (a-HAO) flavoprotein family (7). The mechanisms of the respective reductive
half-reactions for a series of a-hydroxyacid substrates within this enzyme family
represent one of the central interests. We have already shown that Arg181 and Arg268
of L-lactate oxidase have crucial roles in both a-hydroxyacid substrate binding and
flavin reduction in the catalytic sequence (2,3). These two Arg residues are conserved in
all members of the a-HAO enzyme family, and are located in proximity to the FMN in
the active site (4-/2). We have solved the crystal structures of both wild-type and
R181M mutant forms of LOX in the absence of substrates, inhibitors, or activators at
resolutions of 2.1 A (wild-type) and 2.13 A, (R181M).

Experimental Procedures

Purification methods of wild-type and R181M LOX wer¢ described previously (3).
The enzymes were passed through a Sephacryl S-200HR (Amersham Biosciences)
column prior to the crystallization (/3). Either hanging-drop or sitting-drop vapor-
diffusion methods were used in the presence of PEG8000 at 25 °C. X-ray diffraction
data were collected with the MAR CCD detector using synchrotron radiation at beam-
line BL41XU of SPring-8, Japan. The wavelength was 1 A and the crystal-to-detector
distance was 200 or 130 mm. A total of 180 frames were collected with 1° oscillation
and 5 sec exposures. Molecular replacement using the coordinates of glycolate oxidase
(PDB code 1GOX) as the model was carried out to solve the structures of R181M LOX.
The wild-type structure was solved by molecular replacement with R181M LOX as the
model. Programs used were DENZO, CCP4, CNS, XtalView, SHELEX and PyMOL.

Results and Discussion

Statistics for the data collection and refinement of wild-type and R181M LOX are
summarized in Table 1. The crystal packing of wild-type and R181M LOX were same,
and the asymmetric unit was found to be a tetramer with 64 monomers in a unit cell.
Solvent contents were in the normal range for globular proteins. Each monomer
structure was solved independently. Because of the bulky side chain of Tyr-374 at the
C-terminus, and its positioning in the center of tetramer, the mobility of the C-terminus
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is less than that of the other members of the a-HAO family; thus, the structure of
complete C-terminal as well as the N-terminal domains could be solved (Fig. 1a).

Each monomer of wild-type and R181M LOX is a typical (8/a)s-TIM barrel. Only the
disordered region between residues #202 — #213 and #205 - #216 for R181M and wild-
type, respectively, were not determined (Fig. 1b). The si-face of the FMN isoalloxazine
ring is oriented toward the center of the (f/a)s-barrel, and the re-face is in contact with
the hydrophobic #-strand. These characteristics of the LOX tertiary structure are
conserved in other #-HAO family members, such as glycolate oxidase (), flavo-

cytochrome b; (6), a soluble chimeric form of L-mandelate dehydrogenase (1), and

Table 1: Data Collection and Refinement Statistics

Wild-type

R181M

Space group
Unit cell parameters (a,b,c)

Crystallographic
1422

191.096, 191.096, 194.497

Data

1422

192.632, 192.632, 200.263

Z 64 64
Vm (A */Da) 2.71 2.84
Resolution range (A) 500-2.07 500-1.80
No. of observed reflections 1,391,263 1,745,892
No. of unique reflections 108,566 162,003
Completeness 100 99.8
Redundancy 12.8 10.8
Riperge: (%) 14.2 13.7
Refinement Statistics
Resolution range (A) 500-2.1 500-2.13
Total number of reflections used 104,057 104,168
No. of reflections in working set 08,834 98,953
No. of reflections in test set 5,223 5,215
Ruwork (%0) 22.26 21.23
Riee (%0) 25.66 24.64
No. of protein non-H atoms 11,216 11,216
No. of polypeptide chains 4 4
Number of FMN atoms 124 124
No. of water molecules 642 603
Rms deviations Bond lengths (A) 0.006688 0.006430
Bond angles (deg) 1.14817 1.09075
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Met—l

Fig. 1. Quarternary and tertiary structures of wild-type and R18Im LOX. (a) One
tetramer in the asymmetric unit was observed both in wild-type (bold stick) and in R181M
(thin line) LOX. Only the main chain structures are described with the prosthetic groups of
FMN (dotted sphere). (b) Cartoons of the monomer structures of wild-type (black) and
RI8IM (white) LOX. Asterisks indicate the disordered structures, #202 —4#213 and #205-
#216 for R181M and wild-type, respectively.
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recently, long chain a-hydroxy acid oxidase (/2). Within the region containing the
conserved amino acid residues near the FMN, the topology of Arg-181 and Arg-268
with respect to FMN in wild-type LOX is different from that seen in glycolate oxidase,
and in long chain a-hydroxy acid oxidase.

B-Factors of main- and side-chains in R181M and wild-type LOX are shown in Fig. 2.

The mobility of the main chains is same in wild-type and in R181M LOX, but most of
the side chain mobility is slightly larger in RI81M than in the wild-type. Two
exceptions were observed at Arg-268 and Tyr-124. The side chains of these two
residues show distinctly more mobility in wild-type LOX than in R18IM LOX. This
resulted in the orientations of the side-chain guanidinium groups of Arg-268, the side-
chain phenyl groups of Tyr-124, and the main-chain carbonyl groups of Ala-95 being
different in the active sites of wild-type and R181M LOX (Fig. 3). ,
Our previous results that described the kinetic and spectral characteristics of LOX
showed that Ala-95, Arg-18,1 and Arg-268 of LOX are important for the reductive half
reaction with the substrate L-lactate (3,14). Tyr-124 of LOX is far from the FMN and
located at the entrance of the channel to FMN (Fig. 3). The corresponding residue of
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Fig. 2. B-Factors of main- and side-chain of wild-type (circle) and R181M
(triangle) LOX. Only the side-chains of Tyr-124 and Arg-268 are more mo-
bile in wild-type than in R181M. Line at the residue number 181 indicated the
mutation position. Components of the (#/a)s-barrel were also indicated in the
figure.
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Arg-181/ Met-18
(wild-type) / ( mutant)

Fig. 3. Active site topologies of wild-type and R181M LOX. Whole structures
of wild-type and R181M LOX were superimposed by the program CCP4. Ori-
entation of the side-chains of Arg-268 and Tyr-124 are distinctly different in
wild type (black) than in R181M (white) LOX.

glycolate oxidase is the more bulky Trp-108 (5). Less mobility in R181M LOX may
reflect changes of the dynamic structure around the active site; therefore, the different
orientations of these residues can block the entry and the stability of substrates in the
active site of the mutant RI181M. Moreover, Arg-289 of flavocytochrome b, which
corresponds to Arg-181 of LOX, has been reported to show two different conformations
in the sulfite adduct crystal structure; one is stacked against Arg-376 side chain
(corresponds to Arg-268 of LOX), and the other is pointed toward the active site (15).
In R181M LOX without any effectors, the guanidinium group of Arg-268 orientates
towards the FMN isoalloxazine-ring and has less mobility (Fig. 3). The results of our
previous kinetic and spectral studies combined with these structural determinations of
wild-type and R181M LOX, permit us to interpret the functional role of Arg-181 in
terms of concerted actions with Arg-268 both in binding of the substrate L-lactate and
in stabilization of the transition state in the dehydrogenation of the substrate.
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Introduction

The wide variety of functions of flavoproteins is thought to result from the tuning of
flavin reactivity by interactions with the surrounding amino acid residues in the active
sites. FMN enzymes catalyzing the oxidation of L-a-hydroxy acids have been found to
share remarkable similarities in properties, making it likely that they constitute a family
of proteins with common structural motifs. The most thoroughly characterized members
of this family are yeast lactate dehydrogenase (flavocytochrome b,) and L-lactate
monooxygenase from M. Smegmatis (1,2). Other members are glycolate oxidase, long
chain a-hydroxy acid oxidase and L-mandelate dehydrogenase (3-5). The crystal
structures of flavocytochrome b,, glycolate oxidase, a soluble chimeric form of L-
mandelate dehydrogenase with a portion of glycolate oxidase, and recently, a long chain
a-hydroxy acid oxidase, were solved by X-ray diffraction methods. They all showed
similar protein folding patterns, with a typical (8/@)s-TIM barrel arrangements as well
as several conserved amino acid residues around the FMN in the active center. (6-9).

L-Lactate oxidase from Aerococcus viridans (LOX) belongs to the a-hydroxy-acid-
oxidizing flavoprotein family (/0). This enzyme is a soluble simple flavoprotein, and
catalyzes the oxidation of the most common a-hydroxy acid, L-lactate, to pyruvate and
hydrogen peroxide. Non-enzymatic hydrolysis reaction of pyruvate to acetate and
carbon dioxide is not detected with L-lactate oxidase. These enzymatic characteristics
are powerful to work on the reaction mechanisms of the reductive half reaction and also
the recognition mechanism of the family members by the substrate a-hydroxy acids. We
had already shown that two conserved arginine residues, Arg-181 and Arg-268, in the
active site of LOX are crucial for the reductive half reaction (11).

His265 of L-lactate oxidase is also conserved in all members of this family and
believed to be an important residue for the reduction of the enzyme by a-hydroxyacids.
This histidine residue is assumed to abstract a proton from «-hydroxy acids to form a
carbanion. In this work the importance of His265 on the reaction mechanism of the
reductive half reaction was tested with the H265Q variant of L-lactate oxidase.

Experimental Procedures

A simple and rapid PCR mutational method (/2) was used to construct the His265 to
Gln point mutation of wild-type L-lactate oxidase from Aerococcus viridans (H265Q
LOX). In this method, a pair of primers was designed in inverted tail-to-tail directions
to amplify the cloning vector together with the target sequence, but one of the primers
had a corresponding nucleotide replacement at the desired position for the mutation.
PCR cocktail solution was prepared with 1 uM each of the primers, 200 uM each of
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dNTPs, one unit of Ex Taq polymerase (Takara), 6 pg of the full length of pAOX3
(~5.6 kbp), which encodes the target gene for wild-type LOX, as the template DNA and
10x Ex Taq Buffer in 50 pl volume solution. Primers are 5-AGTTGACGAGCACCTT

GGTTAGATA-3" and 5’-ATATGAAGCTCCAGGTTCATTTGAC-3’. After pre-
incubation at 96 °C for 5 min, 30 cycles of PCR at 94 °C for 1 min, 63 °C for 1 min and
72 °C for 4 min were done in 50 pl of PCR cocktail solution. PCR product was purified
from agarose gel with QILAEX II agarose gel extraction kit (Qiagen) and was self-ligated
by Takara BKL kit (Takara), followed by use for transformation of One Shot INVaF’
competent cell (Invitrogen). DNA sequencing analysis of this construct in E. coli
confirmed the point mutation of H265Q and no other mutations in the full length of
LOX gene, and this system was directly used for the large scale culture in TB media for
44 hours at 37 °C. Purification procedures are similar as for wild-type and other mutant
forms; we also omitted the acetone extraction step (10).

Circular dichroism (CD) spectra and fluorescence spectra were recorded at 25 °C with
a Jasco J-820 spectrophotometer, and Hitachi 650-60 fluorescence photometer,
respectively. Stopped-flow procedures for rapid reaction kinetics and other spectral
experiments were done as described previously (10,13,14).

Results

Kinetic characterization of H265Q LOX

The kinetic parameters for the oxidative- and reductive- half reactions and the sulfite
binding- and releasing-reaction of H265Q, wild-type and five other mutants, where Arg-
181 and/or Arg-268 was mutated to Lys or Met, were summarized in Table 1. The rate
for the reoxidation reaction of the reduced form of H265Q with molecular oxygen was
3.4 x 10° M'sec”’, only one fifth that of wild-type enzyme. On the other hand, the
reductive half reaction of H265Q by the substrate L-lactate showed second-order
Kinetics with a rate constant of 0.01 M 'sec™ at 25 °C, pH 7.0. This rate constant is 10%-
fold less than that for wild-type enzyme under the same conditions. Other variants
where Arg-181 or Arg-268 is mutated to either Lys or Met, had decreased efficiency in
the reductive half reaction, but none of mutants had less activity than H265Q LOX.
Both wild-type and other mutant forms bound sulfite in reactions described by second-
order kinetics, but H265Q displayed saturation kinetics, with a high Kq value of

125 mM and a maximum rate of 0.65 S of the two step reaction, A+ B < C->D.

Spectral characterization of H265Q LOX

Both the peak position and the shape of the absorption spectra of H265Q LOX in near-
UV and visible wavelength region were identical to that of the wild-type enzyme. The
fluorescence spectrum of the active site FMN and the aromatic amino acid residues in
H265Q were also similar to the wild-type enzyme. However, the circular dichroism
(CD) spectrum of this mutant around 455 nm had less CD intensity than that for the
wild-type enzyme (Fig.1). These results indicate that the imidazole ring of His-265
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Table 1. Kinetic Parameters for Reductive, Oxidative, Sulfite-binding and Sulfite-releasing Reactions
of Wild-type and Mutant Forms of LOX

Kyeq L-tac i (Oxoz I (Onsoz» kOrfsos

M's™) M's™ M's™) (s™)

H265Q 0.01 3.4x10° "53 n.d

) (0.58 s, 109 mMg

Wild type 8.0x10° 1.8x10° 1.8x10 0.092
(520 57", 0.67 mMg

R181K 3.5x10 9.0x10° 7.9x10°  0.0025
(265".7.3 mM)

RI181M 25 8.0x10* 142 0.0032
(2.3, 94 mM)

Fresh R268K 210 3.6x10° 7.7x10° 0.0032

R268M 0.25 1.3x10° 270 0.004

R181K:R268K 011 2.9x10° 115 0.0025

" The calculated value of k/Km; n.d., not determined

residue perturbs the electronic structure of the active site FMN, especially the electronic
dipole moment that is oriented in the long axis of the isoalloxazine ring. Reduction by
xanthine/xanthine oxidase or by glycine/light occurred similarly to wild-type and other
mutant forms of enzyme, and indicated that an anionic semiquinone form is stable only
under anaerobic circumstances.

Discussion

Replacing His-265 residue of wild-type LOX to Gln caused the instability of the
Michaelis complex with L- lactate and decreased the rate of the reductive half-reaction
of LOX with L- lactate by 10%-fold. The rate of formation of the complex with sulfite
was decreased by 10%-fold, but the re-oxidation rate of the reduced form of enzyme with
oxygen was decreased only 5-fold. Analogous mutations of other family members
include the H290Q variant of L-lactate monooxygenase, and the H373Q mutant of
ﬂavocytochrome by, which had kg values that were decreased by 107-10® fold and 5 x
10° fold, respectively (15,16). Other mutations, including H274G, H274A, and H274D
of L- mandelate dehydrogenase, resulted in completely inactive enzymes (17).
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Fig. 1 Circular dichroism (a) and absorption (b) spectra of H265Q (bold line) and wild-type
(thin line) L-lactate oxidase in 0.1 M sodium phosphate bufter, pH 7.0, at 25 °C.

The mutation of His-265 to glutamine also decreased the CD intensity at 455 nm
compared to that of wild-type, while the CD intensity at 370 nm was almost
unchanged.Other mutant forms where Arg-181 and/or Arg-268 were replaced by Lys or
Met did not cause any changes in the CD at 455 nm (unpublished data). Our crystal
structure analysis of wild-type LOX confirmed that the imidazole ring of His-265
stacked withthe FMN isoalloxazine-ring and had the lowest B-factor value of the
conserved amino acid residues near the EMN (unpublished data). A closely related
flavoprotein family consists of the FAD enzymes catalyzing the oxidative deamination
of amino acids, such as D-amino acid oxidase (DAO), which has been well
characterized both in function and in structure. The crystal structure of pig DAO was
reported to have an active site that was a mirror-image of that of flavocytochrome b,
although no homologous His residues were observed near FAD in the active site of
DAO (I8). These results demonstrate that the importance of His-265 in the active site
lies in the binding and activation of the substrate by its interaction with FMN in the a-
hydroxy acid enzyme family.
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Crystallization and preliminary X-ray diffraction

study of L-lactate oxidase (LOX), R181TM mutant,

from Aerococcus viridans

L-Lactate oxidase (LOX) from Aerococcus viridans is a member of the
a-hydroxyacid oxidase flavoenzyme family. An X-ray crystallographic study of a
LOX mutant in which Argl81 is replaced by Met was initiated in order to
understand the functions of the conserved amino-acid residues around the FMN
in the enzyme active site. LOX-R181M crystals belong to the tetragonal space
group 1422, with unit-cell parametersa=b = 192.632,¢=200.263 A,a=p=y=90"
There are four monomers in the asymmetric unit. Diffraction data were
collected under cryogenic conditions to 2.44 A resolution from LOX-R181M
crystals at BL41XU, SPring-8.

1. Introduction

The a-hydroxyacid oxidases are a group of flavoproteins that catalyze
the flavin mononucleotide (FMN) dependent oxidation of their
respective substrates. These enzymes have been found to share
remarkable similarities in catalytic properties and common structural
motifs, making it likely that they constitute a family. The known
members of this family are lactate dehydrogenase (flavocytochrome
by; Lederer, 1991), L-lactate monooxygenase (Ghisla & Massey,
1991), glycolate oxidase (Lindqvist & Branden, 1989), L-mandelate
dehydrogenase (Mitra et al., 1993) and Jong-chain o-hydroxyacid
oxidase (Diep L& & Lederer, 1991). Within the family, the crystal
structures of glycolate oxidase (Lindgvist, 1989), flavocytochrome b,
(Xia & Mathews, 1990) and a chimeric form of L-mandelate dehy-
drogenase (Sukumar er al, 2001) have been solved by X-ray
diffraction studies. Comparison of these structures reveals similar
protein-folding patterns, with each monomeric unit consisting of eight
a-helices and eight B-strands in a typical «/B-barrel arrangement and
with the FMN prosthetic group located at the C-terminal end of the
B-strands.

L-Lactate oxidase (LOX) from Aerococcus viridans catalyzes the
oxidation of 1-lactate using molecular oxygen with the formation of
pyruvate and H,O, as products (Maeda-Yorita et al.,, 1995). We
previously reported the crystallization of the wild-type enzyme, but
the quality of the crystals was not sufficient to solve the structure
(Morimoto et al., 1998). The reaction mechanisms and substrate
specificities of the a-hydroxyacid oxidases are based on the inter-
actions of FMN and the respective substrates with the adjacent
amino-acid residues at the active sites. Therefore, determination of
the three-dimensional structure of LOX is an important step to
facilitate more detailed mechanistic studies of these flavoenzymes.

Two Arg residues in LOX, Argl81 and Arg268, are conserved in all
the a-hydroxyacid oxidase family members. Based on the X-ray
crystal structures of glycolate oxidase and flavocytochrome b,, these
two Arg residues are located in the vicinity of the FMN and are likely
to be part of the substrate-binding site. We produced the site-directed
mutant LOX-R181M, with Argl81 replaced by Met, in order to
determine the effect of removing the positive charge at this position
(Yorita et al., 2000). In LOX-R181M, there were only small effects on
the reactivity of the reduced FMN with oxygen, but the efficiency of
reduction of oxidized FMN by L-lactate was greatly reduced (Yorita
et al., 2000). These results demonstrated the participation of Argl8l
both in the binding of the substrate L-lactate and in influencing the
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properties and reactivity of the active-site FMN. Here, we describe
the crystallization of LOX-R181M and preliminary X-ray diffraction
results.

2. Materials and methods
2.1. Crystallization

Expression and purification of the LOX-R181M mutant has been
described in previous reports (Maeda-Yorita et al., 1995; Yorita ef al.,
2000). The enzyme was passed through a Sephacryl S-200HR
(Amersham Biosciences) column prior to crystallization and was then
concentrated to 20 mg mi™ in 50 mM Tris buffer pH 8.0 using a
Centricon 'YM-10 (Millipore). The protein concentration was
determined using a molecular-extinction coefficient at 456 nm of
110 x 10° M 'em™ the protein has a molecular weight of
40 865 Da (Maeda-Yorita er al., 1995).

Wild-type LOX was previously crystallized at 288 K from a solu-
tion containing 10% (w/v) polyethylene glycol (PEG) 6000, 100 mM
MES buffer pH 6.0 at a protein concentration of 16 mg m™"' (Mori-
moto et al., 1998). We tried to crystallize LOX-R181M under the same
conditions, but the result was only very thin crystals that were not
suitable for diffraction experiments. We expanded crystallization
trials of LOX-R181M around the original condition used to crystal-
lize the wild-type enzyme by varying the PEG size, PEG concentra-
tion and buffer pH. One of the crystal optimization trials is shown in
Fig. 1(a). In addition, we used the Additive Screen kit (Hampton

(a)

Figure 1 @)

Crystals of the LOX-R181M mutant appear yellow owing to the presence of FMN,
The cryslals were grown in a solution containing 20% (w/v) PEG 8000 and 50 mM
Tris buffer pH 8.0 («) in the absence and (b) in the presence of 2% benzamidine—
HCL The dimensions of the rod-shaped crystals are approximately 0.3 x 0.1 x
0.1 mm.

Research) with either the hanging-drop or sitting-drop vapour-
diffusion methods at 298 K. 1 pl of each additive solution was mixed
with 4 il reservoir solution; 2 1l protein solution and 2 il of this pre-
mixed solution were then combined to form the crystallization drop.
After optimization using the additive reagents, we found benzami-
dine-HCI to be the most effective additive reagent. Single crystals
suitable for X-ray diffraction experiments were grown at 298 K using
a reservoir solution consisting of 18-20% (w/v) PEG 8000 and 50 mM
Tris buffer pH 8.0 and an additive solution consisting of 2% (w/v)
benzamidine-HCI. The final volume of the reservoir solution was

(a)

. ()]
Figure 2
A typical diffraction pattern for a LOX-R181M crystal with high-angle reflections.
(a) Normal size, (b) cnlargement of the square in (a) ncar 2.5 A resolution,
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Table 1
Crystal parameters and data-collection statistics.

Values in parentheses are for the effective highest resolution shell (2.69-2.44 A).

Space group . ' 1422
Unit-cell parameters (A, °) a = 192.632, b = 192.632, ¢ = 200.263,
«=90,8=90,y=90

Resolution (A) 244
Crystal-to-detector distance (mm) 130
Wavelength (A) 1.000
Exposure time (s) 50

No. of measurements 1745892
No. of unique reflections 103478

Redundancy 108

Reymt (%) 13.7 (32.7)
Completeness (%) 94.3 (100.0)
llo(I) 3.6 (22)

T Rym = Do 2 ihkel) — Uk o 3 Ti(hkd), where I(hkl) are the intensities of
symmetry-related reflections and (I(hkl)) is the average intensity over all symmetry
equivalents.

200 L. In the presence of benzamidine-HCI, we obtained large single
intensely yellow rod-shaped crystals with dimensions of approxi-
mately 0.3 x 0.1 x 0.1 mm (Fig. 1b).

2.2. Data collection

A crystal was mounted in a cryoloop and fash-frozen in a nitrogen-
gas stream at 100 K, X—ray diffraction data were collected with a
MAR CCD detector using synchrotron radiation at beamline
BLA1XU of SPring-8, Japan. The synchrotron wavelength was 1A
and the crystal-to-detector distance was maintained at either 200 or
130 mm. A total of 180 frames were collected with 1° oscillation and
55 exposures. A typical diffraction pattern is shown in Fig. 2 with
high-angle reflections. The data were collected to 2.44 A resolution
and were processed with the program HKL2000 (Otwinowski &

_Minor, 1997). The data-collection statistics are given in Table 1.

3. Results and discussion

We have successfully obtained large diffracting crystals of LOX-
R181M and collected a complete data set under cryogenic conditions
using the SPring-8 synchrotron facility. Since LOX-R181M crystals
grow in the presence of benzamidine, we were able to concentrate the
crystallization drop by evaporation and then use this solution as a
cryoprotectant. After the LOX-R181M crystals had grown to full size,
the hanging- or sitting-drop wellin the crystallization box was opened
and the drop solution was allowed to evaporate gradually. At 5 min
intervals during the evaporation procedure, a small amount of the
solution was scooped into a cryo-mounting loop and the diffraction
pattern was checked for ice rings. This evaporation procedure was
successful in cryoprotecting the LOX-R181M crystal for the diffrac-
tion experiment.

Crystals of the LOX-R181M mutant belong to the tetragonal space
group 7422, with unit-cell parameters a = b = 192.632, ¢ = 200.263 A.
Considering the molecular weight of the LOX-R18IM mutant

(40 842 Da), we assume there to be four LOX-R181M monomers in
an asymmetric unit and thus 64 monomers in a unit cell, resulting in a
Matthews coefficient (V) of 2.81 A Da™! and a solvent content of
56.1%. These values are in the normal range for globular protein
crystals (Matthews, 1968; Kantardjicff & Rupp, 2003).

Glycolate oxidase (GLO) crystallized in space group /422, in which
the crystal packing of GLO yields an octamer (Lindqvist & Branden,
1989). Molecular-exclusion chromatography of lactate oxidase using
Sephadex G-100 provided the basis for the report that wild-type LOX
was a tetramer in 50 mM potassium phosphate buffer pH 7.0 in the
presence of 0.2 M potassium chloride (Duncan et al., 1989). Thus, our
LOX-R181M crystals may contain four monomers in the asymmetric
unit.

Molecular-replacement analysis of LOX-R181M using the
program CNS (Briinger et al, 1998) with the glycolate oxidase
molecule (PDB code 1gox; Lindqvist, 1989) as a search model is now
under way to solve the structure. Crystallization trials of wild-type
LOX and new LOX mutants are also in progress with and without
substrate or substrate analogues using the same methods that were
successful for the R181M mutant.

This research was partly supported by a Grant-in-Aid (to YM) for
the National Project on Protein Structural and Function Analysis
from the Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan, for which the authors are greatly appreciative.
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D- 73/ BRICH > X T LIS B REFIBI D IR 1L 2

ERNER
Sanae IWANA
HRREDFHBREFWFEL > ¥ —
AR 2 M S e

@, LBE DEIPHFETS. Db, EENICE
BUHEETLS VNV EEBRTADEFZLEDT 3
JBOARTHY, DT I JEBIZEMBRIIEEEL L
WEZZLNTER, LALEE, BT I IS
B4 HRREMEIELR, AR DRT I @A
FIEL, HEEREOME: - S I CRERNICES
LTwABIZEPHLPICRoTETHA,

BERMICBT 5 REDHIEIC R > TE /2 DT 3
JBOBIE LTI, DTANRNTIE VBER T DY ¥
PHEFTOND, D-TANTF VBB EEKIZB T
AT M VDOE - TWEINHIL, BRICBWTIE
TAMATOYOER - T B S LAY
LCW5. F72p-k0) VICB LT, HgmeE
R B} 5 NMDA (N-methyl-D-aspartate) 5 28 {k
DT Y IAEEEMIC BT BARLEREEWE S LT
MIEFEOFTHICEE L TwB I L E S A
T3,

AT, BFFEEDEN OFULICIEZ TV D-
T 3/ BRIBALEES (D-amino acid oxidase ; DAQ) &
ZTONEEEREEZ 5N Db Dk ) vtk L
T, PEEERHEIHICB T A D7 3 JEBAH Y AT A
2w, TOMEERMNTT 5.

L

o SR DOMEERE

HFIRARERICBWTIE, Dk Y VS I ST

'H &
Kiyoshi FUKUI
BEREDFRHRFENEL v 5 —

e e R €

L, ZORNSHi i NMDA 284054 & TEDOH
Bz RTEARESINTYS.Y NMDA %
HIE, 4 7 F v 2V & I LSRR 2405
FYRNVBINVE I VBEBFHDOY T L T TH
0y, BEWIRZRE, ¥ 7 AWENE, O EE -
FREVOTERPEBICEEL2M X 2Ho TV
5. NMDA B0 EREIHMBA~D IV
LA FVRADEAZHEE, W, WL ESR
SR B ORI BT B ARGBZE I B S L Tw
LRI S hCn5.

NMDA A FIEBEEMREENWETHH L7
Vg I VBROREETMOMIZ 7 ) ¥ v DREE LR %
FL, 7YY oiE4aid NMDA SBEDOIERLIC
LIHTHSH. NMDA SBRD 7)) ¥ v EA RIS
ED-E) YT ITZANELTHALY 5. 7,
7)Y KA T vy T A M, A
FEFVEIC B CHREERR 2 ETL 2 L8
WHSINTRDB.Y —F, MRS K TSR
o)y, 7Y yOMBEALVRVFER LT
WHEOHELH L. ThonZ ki, RHHRTF
DA NMDA ZBE0BEFE I X 5 R3S
HICHE L TWBEI LR RBTELOTHLEER
bs. UEoZ &b pt) v, BicBnT
NMDA ZBHD 7 ¥ VAT BT B N
DARERERHNF L LTl &, NMDA S84
EHEHEICES LTnwaEwn) e RnFHIN5.
T, v o fbasEL, k) 95 D
) VOEGHERIALEZONDE, ) VT
=BT APCEVCHBERE XN TN 5.
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b7 I/ BBLER

—FF, DHOT I oK EFREGICRBE T L8
% DAO OERITT &, 193517 = FREIEK O
SR E Krebs i X o THE SN AZ LITHES.
DAO iZ flavin adenine dinucleotide (FAD) (¥ %
v B2HEE) MR L LTHEERLICE2T T
CYBEETHY, HERTODAO ORI, F
E&J%%,HmuﬁuwﬁManfwé.&mﬁﬁ
S HDBTIEVBEDLPTH, ROWMIIHRS
N7:FADBED 1DTH Y, TOMRFWHLE
oW TCIREEM R BT A e ST & 2. DAO K D-
FIJBOI L, PHRUCFEREDLDE RVE
Be3nh, IV ULEEERDH B,

—HT, D7 I /B FERIAH TS DAOD
EECBIAREIEVHAHTHo 72, L2 L,
# 10 4E TN PR AR RIS BV B ERE D-2 ) VAN
FEN, SHICFOFHEMBERIIBI B0 D
NMDA SHEKON M E —FKT 5 e ¥HESN
7=, 252Dt YAINMDA ZBKRD ) ¥ Ui
SEMICBITAT T A MNTHBEIEARHLPIZE
Ni=z ks, DT I BRI & 2 MR ERE
B LW RSB 5, BADEY ¥
OBEAEBEZRIREINS. ZhoDHMAICZE Y, DAO
A Dk Y VREA~DORE % U C NMDA & #k%
A L7 i e B BRI IS B IR L T B T L DR
BENLIZEoTC.

WHFZesE Tik, DAO DEFICBIT A RERTD
FLy - flHE LT OB X A = X L O
Widht, NMDA SAGERT - MEBETICH ) ¥
TR AR B A O BRI HRLIERE R EA O &

3507 3 VBB ES DD, CRMIZIEEDT 3
J B Ser—His-Leu % 5 A RNV & & ¥V — LA BAT
3 7 )V (PTS 1 ; peroxisome targeting signal 1) &
AL, MENTR Y v 87 B E LTARS iz,
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Tuky v 7 EET TR NEE O L 0Tl
FEER R 2 fl 4 O T OfFICHEETH T F ¥
VBB, RAET B,

DAO O filifl FUis i 3 FAD ORALE TR
KHESWT2ODRFy Sl bhb, LTOX
R EE L TRLAEIIC, ABEIC Lo TERER
BT 3 VKR a2, 159F0oT7vE=TE
BRI KEDFET S, '

RCHNH,COOH +DAO * FADZRC=NHCOOH

+DAO - FADH, &K
RC =NHCOOH + H,02RCOCOOH + NH,; (7 2)
DAO + FADH,+ 0,—~DAOQ - FAD +H,0. (R 3)

RS RETHE DT I /B> FADIC2E
FABATLBITHERSR D, Ky TETH
FAD B EST % 2 BFRT LBIBILKE I FE
T LA LR R ISk o CHFTT A, ELUL
BEALKEITANVAF VY —LRNTH S T —EEIZ
FoTkpBeshstELONSE. INL2DD
25y TREERFCBIFL 1A 70 THY, B
LB FAD CHi7= BN TVIRBT 52 & TRD
Y47 VHBET A FADEDAOSY ¥ 827 LD
EARELEBETHY, Lo TLORKAIIL
BT, DAO @ FADBUY AAlE, BHFREED L
CRBRBOVTNIOEBIIBVWTEZ L LER

ghEE + TEZT

H,0
D-7I/B 13/8

EHERL

DAO-FAD DAO-FADH,

BILBGER R
H,0, v (o)

2

1 DAO [C&D D-77 =/ BRAUHIDEIUR

EITIREERICBWVT, FAD FEERBEUETRELS. i
<EALHRER G CIE, BITh FAD BSR4 T8t LB EK
RERESTD. TO2DDAT Y IERET, FAD[FHEOB
{LRARD, WEZBEEHNTERETD. DAO DR S0
A= JBERFETTHD. A= /BRI IMRICIOT
EETUEZTVELETS.
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Shb. BEIEKKROREL VI BEIOAL L,
DAO AR EHIFIII - 2 EETIC BT & 2
DEEZHLTVILUBEEIEZEIOLNS.Y S5
DAO FRE AR A E BRI L VR REL 2
B AEE, MRS TLBIEA ML RAERD,
MR EFHFEL D 5. 2 OED S IEPIEER) A
BEhTng ®

—%, BIENERGICBWTEBILIh72D-7 3
JBRIEA I JBRE LY, EHICIEBERN LMK R
ERUCar MRET VETELRL(K2). EU
Toa-r MBI, R2WARLAZLIICHBEIZBW
TTI/BICENAShAEEZONS, D73/
BOERIZBITHEEPMON T hol2EH, &
WEIEEIC L s TR A F kgD D73 2
BIIL-7T I/ BEARTS [HH] ThrLELZDS
NTwiz, B2 IR L2001, 2o THERRMED
Fe B YR & 17 stereonaturalisation & V9 BE4;
THY, Krebs 255 L7 DAOICL A D-7 I /B
o507 MEDOER & Braunstein Y& L7727 3
JRERBBRCIZT VEIrSD L-T I I BROER
DWEZFHLET, D-TI/BHIS LTI JEBAD
1 OORNPHEET LI LR LD TH L. F
B, BENTD-7 I/ BUAR S E Ok
BTHLENSI LB GhoTEII0D, ZoOEIZ
D-7 3/ BROMRB A - RERBCHELLERO 1
DELTHZIAZENTESL., WIZBIFALY V5
e —VORAIX, ZOHEFMOEDEEN T
BELTWAZLERETLLDOLELLNS,
BB WTDAO & kY Y O5fiZE OB

i

STEREONATURALISATION

Y. Kotake

p-Trp —— Keto Acid —— L-Trp

Krebs (1935) Braunstein (1937)

2 D-FE/EBDS LTI BAOTIR
D-FZ/BGT FEERBUT - S /BICENE
TNBEEEZOND. 7P /BIFDACICE->TH
BNk, MKDMERTT MBERD. COr ~
BBI& -7 = BEARORME S 5D

ERT. UMRETIET v MMEkS ) TRk
S, DAO DEETFRBENMO B L 5T
RIZBENThH o RMHR ) THIBIZBW TS
WLz, B4 TI, IT7A aYA Dy
MERRBERHELL, W EoTyATITALR
Y4 PZBWTDAO BHSHETHHZ LWL
he L2 —F, k) VELEDBIIILA TSI T
AbuH AL b ThbEzEHRESN TS, F /-,
DAO # | & ¥/29 vy hOT A buay4 b %
HW T ot ) V#5082~ R, DAO
D-E YU ¥ ORBICHEBINCESE LT3 2 &R
INIZ(ERER)., choOMAE2EFMELD D
KR 3TH5.
FHERBICBIT 5 DAO BIETEROMITIE, ML
Hi 2> & BURIE VR CTH - 72, 1995 4E12 12 T et
R ED DAO 7/ A BEFHICHEHET LA, 70
FTIA M= N— DTS, Fexid 2 BIFH/K
ZEVEIE O K B 15 F 25 DAO E 15 F 4 1 cent
Morgan*ICFHET A Z & 2 HE L2 Y F7-, EE
77 5 SNPs T OfE R D & WA S RE R RSt
BIZFD1 2L LTDAOMHE &N, F0HKe%k

Typel
ASTROCYTE

3 HRMHER [DAO - D-EUVYRFL]
DAO - 0-ZUVIC &% NMDA ZRADBE#IEZE TV T
RUfe. DAOCEL2 -t U VRBIDBEY (T 17 A ROV A
b, o RUVEEDBRY A TI PR FOYA FTHIEERS
Nd. VT TXABHROER 02U EF, NMDABBHOI
VREGEBMICHEITS7ORTY v U RBEHRFE UTERL, I

YIVBEHIT NMDA SRAHEN T DR GEICRSTD.

*  Morgan \20W-C OIS, 846 HBH.
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SGE L OBENRIBINY TOFRIE, DAO
ERO LR D) Y RBITLEE A LT NMDA %
BEROBREZ KT ¢, MARMEOREICES L
SRR AEMT B LD THo . HAERNERRE
TR OFERD S, ABCHREETTHS G72
bEREBBREZHRIZTELTHERLSRN, yeast two
hybrid B2 W2 EBRICL Y, G2 RIEFEWE
DAO BHEMET 5 Z L g shiz. W
XSz ¥ vy BRIz in vitro DFEER
25 GT2 % v B DAO OEME LR SEB
LhRENS. G724 v8212 kB DAQ OiEEL
ik, DAOK X B DXy yR¥tuExHS, VF
FARBO DY VIEEORIIC L B NMDA %%
AOBBEETRBIXEILT, MARREDORBIZ
M3 arELONE. GI2OBETFEYLOM
HEAEHC & %5 DAO BB O FEM & 2 DY RE A
ZHEHRICIOVWTRILBHINATELT, 4R
EERRARECTH DL ELOND,

SR E MR IEERDRS

W

&

e P (I M 249%) AR 1% D HLBy
HEOEWERTH D, ANUREWNIA FETA
HOPPLBREORBED 1 OTHILEEINE. B
BCABRRIER WD, BEOY -3, BN
20 IR THHDIH L, KL 20 mABRF2L
A B BEVRALONS. —HEICHA RIE R
FAN B IG A — IR AR TR A A R R
DA, BETHY A7 ZAIHTH 15%, BE
T 50% ML ECTh 5. BHFEMIIHBEERGE
1 K, BREBEES), BHEREEOFKR
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WaEBET. — I, BHERICIERTEHEERD
1E ) DSEEMIARRRICHT A US S RIFCH B, e
SHUEOIEIRIC & o T, BREERITH, #HEZMEE v
RAOHENRIVEEINS.

AR ZETRATHY, BIEERERE
BT OW G HERIECHE T 5 EENT0REA, €O
R L RO R ) = X WLRZIR OB
M2z, EOPOMBEERORYE (FSI VH, &
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T b= V3, NMDA &R T 32 &) MR
B LTIRBINTEY, B—0hko THEEDH
BADEROMRERE DA RED S LW T
BLTWwAEZEZBNSL, b0 TDRY

v DEBENESIRE S NAZERD, Tl
NMDA S8 HE AT 2 MREERTH 5.

NMDA S#%47 >~ % =2 }MRAH % NMDA %
BEFBIRDIC & YR RIERERIF L S NS
ERPEIR LML TYS, 2oz & 1d NMDA
SREBBETHOBRBO1IDE L -TED,
NMDA ZH kDR M & R TEOHRIROY
BIZORND EFE X OND IRESIEREIRES
BI#E (NMDA SAKRT v ¥ T2 A NI L 28D
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