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Recombinant expression and characterization of quinone-containing
novel glycine oxidase from Marinomonas mediterranea

Yuki Kajiyama, Satsuki Mizobata, Shusaku Akaji, Michiko Nemoto, Takashi Tamura, and Kenji Inagaki

(Course of Agrochemical Bioscience)

Novel glycine oxidase (GlyOX) from Marinomonas mediterranea depends on cysteine
tryptophilquinone (CTQ) and catalyzes the oxidative deamination of glycine to produce a glyoxylate,
ammonia, and hydrogen peroxide. M. mediterranea GlyOX genes (goxA and goxB) were cloned and
recombinant GlyOX was heterologously expressed by E. coli. The purification of recombinant GlyOX
was carried out by metal affinity and DEAE-Toyopearl 650 M column chromatographies.
M. mediterranea GlyOX was homotetramic with a molecular mass of 76 kDa and showed optimum
activity around 30°C and at pH 5.0, and stability below 50°C and between pH 5.0 to 9.0. M.
mediterranea GlyOX shows a strict substrate specificity toward glycine, and the Michaelis constant for
glycine was 0.5 mM. M. mediterranea GlyOX could determine the quantity of glycine in human serum
and human blood plasma with high sensitivity. This study revealed the catalytic and structural
properties of M. mediterranea GlyOX with high substrate specificity.
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Fig. 1 Structure of ‘Built-in’ type cofactor, cysteine tryptophyl-

quinone (CTQ) of eLysOX?.
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9.5%, 6O0RFICHEH A Z N TE /2. WHRERTHWT
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Fig. 2 Genes around GlyOX coding region (A). Plasmid map
of pRSFD goxA-goxB (B).
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SDS-polyacrylamide gel electrophoresis of recombinant
GlyOX.

Lane M, molecular mass standard marker, Lane 1, crude
extract, Lane 2, after metal affinity chromatography,

Fig. 3

EHEEZ RS polz. SO ERL B ARBEOHVEH Lane 3, after DEAE Toyopear] 650 M column chroma-
FREMATR SN2 tography. Ten pg of protein was applied in each lane.
Table 1 Summary of purification of recombinant GlyOX from E. coli transformant
Total protein Total activity Specific activity Yield Purification
(mg) ) (U/mg) (%) (fold)

crude extract 1,600 420 0.26 100 1
metal affinity 10 90 90 21 350
DEAE-Toyopear! 650 M 0.25 40 160 95 620
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Fig. 4 Effect of temperature and pH on the activity and stability of recombinant GlyOX.
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(A) Optimum temperature of recombinant GlyOX. (B) Optimum pH of recombinant GlyOX. The reaction was performed using
citrate buffer at a pH range of 3-6, potassium phosphate buffer at a pH range of 6-8 and sodium borate buffer at a pH range of
8-10. (C) Thermal stability of recombinant GlyOX. (D) pH stability of recombinant GlyOX.
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Fig. 5 Substrate specificities of recombinant GlyOX.
Substrate specificity of recombinant GlyOX was examined using natural L-amino acids and structural analogue of glycine, and
D-amino acids. Relative activity of each substrate was calculated as 100% activity torward glycine.
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Table 2  Substrate specificity of GlyOXs from various kinds of bacteria
Substrate ' GlyOX frorr'l GllyOX frot'n' ) QIyOX from o
Marinomonas mediterranea Bacillus subtilis” Geobacillus kaustophilus”
glycine 100 774 36
sarcosine 0 100 69
N-ethyl glycine 0 85.3 85
glycine ethyl ester 5 - 26.3
glyphosate 0 - -
D-Ala 1 74 69
D-Pro - 151 100
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LS, iz GlyOX @ SDS-PAGE Di&EHEH» 507
2=y POEEIX76000Da TH 5 Z &2 5 AR BHRIL &
T4 BRTHALZ EDTRBEEINT

##az GlyOX Z AWAILERUMBEFO TS CEE

28 mU O 2 GlyOX % v CTIER L 7212 7)) &
AR E D MR X OME T 0 7)) 3 R B
FZHEMW/zERE & HPLC TOER E 1T o 724G R, Mt
D7) v v w HPLC L ZIZREECERT A Z &8 T
&7- (Fig.6).

PlbxFlon & Table3 DX D125, M. mediter-
ranea ¥ CTQ A1 GlyOX L itz D d - 72 FAD
RAFME GlyOX & HE L C, 7)) ¥ v iZxbd A itk e 388
FRELME & m IR YR S, IR o ) v v
e mEEICERTE D 2 LD S5 BOIEHF AR
ENB. FAMES L 72 ERRIC X 5 T Marinomonas
mediterranea DIF3E LED S GlyOX = F# T 256 X
D b (2 D HEIEE ORISR 2 o 72D T, 414X
HA e AT 12 X B SRR RE DI R CTQ T MUk
DIFEADSRFE S L 5.

£:3 #

WA Marinomonas mediterranea I DHHL 77 1)
Ptk FRTE—¥ (GlyOX) Y ATA Y MN)T T4
Vxy (CTQ) DR T, 7)) v ¥ ORI
TIALEMEL ) A TOVEE, TR T, BB
IKER LT DHETH L. M. mediterranea FHH GlyOX
DFBUN VT goxA & goxBWMiEETF 270 —= 7

FRIVL O F XD —EORBEKER & HERE 5

L, Mz GlyOX Z KIFH CRMEH S &7 iz
GlyOX OIEFUIA I NT T4 =ZF 4 =2 ax NT T 7
4 — & DEAE-FI/X—= )V 660M A T L4270~ M7 T
T4 =TT 72, KREEFIEZ30C, pH 502G HRE 414
TH50C, pH5.0~90F TLETH -7z, #MifEz GlyOX 1E
)T L TEWEERERERRL, IhE THE
D& 5 GlyOX O Chg b IEF R OHMKE LR TH
o7z, FUSHEERBN 21T 072 2A 7)) VX ICHT 5
Ko 1305 mM, ke 13134 TH o 72 M. mediterranea
2k GlyOX & F\Ww T4 L Iigh o 7)) & Vg%
IEHEETTRE Cdy o 72,

A
0.4
H
g 0.3
@
-g 0.2
y = 0.0009x
01 R?=0.9983
0
100 200 300 400 500 600
Glycine concentration (uM)
B 8
OEnzyme
7 Y
HHPLC

)}

v

w

Glycine concentration (uM)
N B

[,

0

Human serum Human blood plasma
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(A) Standard curve of glycine by GlyOX enzymatic
assay. (B) Glycine concentration in human serum and
human blood plasma were determined by HPLC () and
enzymatic assay using recombinant GlyOX ([J). The

mean * SD of triplicates.

Fig. 6

Table 3 Properties of GlyOX from M. mediterranea

GlyOX from GlyOX from GlyOX from
Marinomonas mediterranea Bacillus subtilis® Geobacillus kaustophilus”

Cofactor CTQ FAD FAD
Molecular mass of subunit (kDa) 76 41 43

Molecular mass (kDa) (Homo%g‘?ramer) (Homo%g‘?ramer) (Homo%ggramer)
Optimum temperature (C) 30 45 74

Optimum pH 5.0 8.0 85

Specific activity (U/mg) 160 0.46 11.85

K, (mM) 05 1.0 0.25

kea (1) 134 0.6 -
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