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Elucidation of the oxygen reduction mechanism of multicopper oxidase by
structural analysis of reaction intermediates and its application.

Kataoka, Kunishige
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Multicopper oxidases (MCOs) catalyze the oxidation of a wide range of
substrates by reducing 02 to H20 without releasing activated oxygen species. In this study, we aimed
to elucidate the structure of the 4-electron reduction intermediate of oxygen using the cuprous
oxidase CueO from Escherichia coli. We succeeded in stabilizing the intermediate by introducing a
triple mutation, and produced a high-quality crystal that can be used for neutron diffraction. In
addition, directed evolution has yielded six very active mutants. Some also succeeded in structural
analysis, and revealed that destabilization of the tower loop region of domain 3 leads to increased
activity. These results provide a new methodology for controlling the activity of MCOs and
contribute to their industrial application.
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PCR CueO
C500S/E506Q C500S/E506Q/W139F
WT CueO 10~20% PEG3350 0.1 M KNOs
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a) CueO

CueO Error-prone PCR
CueO , 10,000
CueO ABTS
WT CueO DNA
(G304E, RCueOmutl, No.54,133,196)
E476G, F210L, E476P, F310D, F210A
D439F/E476G
b)
CueO (G304E, M305l) 10~20%
PEG3350 0.1M KNO3
11 2 20°C
SPring-8  BL32XU Zoo X
CueO (PDB ID: 30D3
Coot
REFMACS5 wwPDB validation
Protein Data Bank
(1) CueO
CueO C500S/E506Q/W 139F
C500S/E506Q H.
Komori €et. al., Acta Cryst. D70, 772-779 (2014) WT CueO
X 28
3.18A
@)
a) CueO
Error-prone PCR CueO
F210L
G304E M3051 F310S E476G L502v ABTS
4 20 Table E476G
D439F D439F/E476G WT CueO



G304E ABTS WTCueO 8 WT
CueO 50 mV Met305 lle M305I
Met305 Phe210 Gly304, Met305

G304E M305I
Tablel. Enzymatic activity and T1 Cu potential
Specific Activity (Unit / mg)
Mutants ABTS ADPA E° (mV) vs. AgAgCI
-Cu +Cu -Cu +Cu
WT CueO  0.4+0.016 6.6£0.086 12+0.56  118+2.1 370mv
No. 54 8.540.21 20.6£0.46 37+1.3  145+3.0 -
E476G 8.120.34 19.4£0.90 33+0.77  120+7.3 420mV
E476P 5.740.032 17.6£0.24 37+2.5 132438 -
No. 133 4.6£0.041 9.740.28 26+0.33  11145.6 -
F310S 4.6£0.041 9.740.28 26+0.33  11145.6 -
F310D 2.6+0.082 11.3+0.045 28+0.22  130+3.5 420mV
No. 196 0.8+0.010 2.3+£0.012 144£0.16  84+3.3 -
F210L 3.120.031 7.2£0.029 2440.17  94+£5.4 -
F210A 1.240.13 10.4+0.30 28+0.77 138+0.60 380mv
D439F/E476G  17.2£0.46 5.6+0.59 - - 400mV
D439F 112020  5.3%0.15 - - 410mV
b)

M3051 10 mg/mL 20 mg/mL
0.3 mm G304E 50
~55 mg/mL 0.75mm

X
1.2mm
G304E M305I 1.77A
1.49A Fig. 1. G304E
CueO PDB ID: 30D3 1KV7
3 MR-helix a5
G304E 304 MR-
helix Fig.2 M305I
305 304
303
MR-helix
MR-helix C Fig. 3,
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Fig. 2. G304E  WT CueO
G304E  WTCueO MR-hdix

G304E, M305I MR-helix

Fig.3.M305] WT CueO
M305I MR-helix B-factor  WT CueO
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