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Abstract

CueO is a multicopper oxidase involved in Cu-homeostasis of E. coli. CueO has the four catalytic copper binding sites,
a type 1 Cu, a type 2 Cu and a pair of type 3 Cu’s, in a single chain protein molecule consisting of 484 amino acids.
CueO has the fifth Cu-binding site constructed by Met355, Asp360, Met439, Met439 as the substrate-binding site, which
is isolated from bulk waters by the Met-rich segment comprised of amino acids 355-400. The high cuprous oxidose activ-
ity of CueO is realized by the presence of this fifth Cu-binding site as revealed by the K., value and the point mutations for
the ligating amino acids. CueO showed enhanced oxidizing activities for organic substrates in the presence of Cu(Il) ion
at the fifth Cu-binding site because this extra Cu(II) ion functioned as the mediator of electron-transfer between
exogenous substrate and type 1 Cu. Further, mutations at Aspl112 adjacent to the trinuclear Cu center formed by type 2
Cu and type 3 Cu’s indicated that this acidic amino acid functioned not only as a proton donor for dioxygen but also as a
modulator for the binding of dioxygen.
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Table 1 Copper-homeostasis systems of E. coli

Homeostasis system  Regulation system

Function

CopA CueR, CpxR
CusCFBA CusRS

CueO CueR
PcoABCD PcoRS

PcoE CusRS(PcoRS)

Detoxification of cytoplasmic Cu(])
Detoxification of periplasmic and
possibly cytoplasmic Cu(I)
Protection of periplamsic Cu-proteins
Protection from periplasmic Cu stress

Cu-binding(chaperone)

Table 2 Specific activities of CueO

Substrate(mM) Activity (U/mg)
without Cu(Il)  with 1 mM Cu(Il)

Cu(D (0.1) 187 201
Fe(IT) (0.5) 0.91 53
PD (5.0) 0.53 19
ABTS (3.0) 0.45 16
DMP (10.0) 0 29
Catechol (3.0) 0 12
Guaiacol (10.0) 0

Syringaldazine (0.01) 0

Cu(i) : tetrakis(acetonitrile)copper(l) hexafluorophosphate
Fe(Il): hexacyanoferrate(Il)

PD: p-phenylenediamine

DMP: 2,6-dimethoxyphenol

ABTS: 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
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Fig. 1 Copper homeostasis mechanisms in E. coli. CueO is a multicopper oxidase to oxidize Cu(I) translocated by a

P-type ATPase, CopA. CueR regulates transcriptions of CeuO and CopA by sensing Cu ion. CusCFBA is a

four-component Cu-efflux pump regulated by CusRS.
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Fig.2 Amino acid sequence of the recombinant CueO. The peptide, GHHHHHH is attached to the C-terminal end for
facile purification. Numbers indicate ligand amino acids for each type of copper. Amino acids 355-400 are the

segment covering the substrate-binding site. Helices V, VI and VII are indicated by cylinders.
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Homology of the partial amino acid sequences among CueO, M. verrucaria bilirubin oxidase (BO), ascorbate

oxidase (AQO), R. vernicifera laccase (RvLc), 4. thaliana laccase (AbLcl), T. versicolor laccase (TvLcl),

CotA, Fet3p, PcoA and human ceruloplasmin. Numbers indicate the amino acids coordinating each type of Cu

site.

Fig. 4 Crystal structure of CueO figured using PyMOL for the PDB data 1N68.
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the Fifth Cu

Type 1 Cu
Fig.5 The active center of CueO : the fifth Cu site, type 1 Cu site, type 3 Cu sites and type 2 Cu site from left to

right.
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Fig. 6 Close-up of the substrate binding site of CueO (A) and ceruloplasmin (B), in which the acidic amino acid for

the binding of the substrate metal ion and the histidine residue as a ligand for type 1 Cu are hydrogen-bonded.
CueO and ceruloplasmin are figured using DS ViewerPro 5.0 for the PDB data IN68 and 1KCW, respectively.
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Fig.7 Absorption, CD and ESR spectra of the
recombinant CueO (from top to bottom).
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determine the K. values for the binding of O; to
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