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The human protein Cox17 contains three pairs of cysteines. In the
mitochondrial intermembrane space (IMS) it exists in a partially
oxidized form with two S–S bonds and two reduced cysteines
(HCox172S-S). HCox172S-S is involved in copper transfer to the
human cochaperones Sco1 and Cox11, which are implicated in the
assembly of cytochrome c oxidase. We show here that
Cu(I)HCox172S-S, i.e., the copper-loaded form of the protein, can
transfer simultaneously copper(I) and two electrons to the human
cochaperone Sco1 (HSco1) in the oxidized state, i.e., with its
metal-binding cysteines forming a disulfide bond. The result is
Cu(I)HSco1 and the fully oxidized apoHCox173S-S, which can be
then reduced by glutathione to apoHCox172S-S. The HSco1/
HCox172S-S redox reaction is thermodynamically driven by copper
transfer. These reactions may occur in vivo because HSco1 can be
found in the partially oxidized state within the IMS, consistent with
the variable redox properties of the latter compartment. The
electron transfer-coupled metallation of HSco1 can be a mechanism
within the IMS for an efficient specific transfer of the metal to
proteins, where metal-binding thiols are oxidized. The same reac-
tion of copper–electron-coupled transfer does not occur with the
human homolog of Sco1, HSco2, for kinetic reasons that may be
ascribed to the lack of a specific metal-bridged protein–protein
complex, which is instead observed in the Cu(I)HCox172S-S/HSco1
interaction.
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Copper is an essential element for living organisms, in which
it is required by a number of proteins responsible for a wide

range of biological processes, including mitochondrial respira-
tion (1). Specific mechanisms, involving a battery of proteins, are
necessary for living organisms for safely and efficiently deliver-
ing copper ions from their entry in the cell to its final protein
incorporation (2).

Cytochrome c oxidase (CcO), the terminal oxidase of the
respiratory chain, needs three copper ions to perform its func-
tion (3). The CcO enzyme in mammals is located within the
mitochondrial inner membrane and is constituted by 13 subunits,
two of which contain two copper centers (4). One, called CuB,
is a monocopper site in subunit I, and the other, called CuA, is
a binuclear site in subunit II (4). A number of proteins are
required for the metallation of these sites (5). For copper
insertion into the CuA site, Cox17, Sco1, and Sco2 proteins have
been proposed to have essential nonoverlapping roles within the
mitochondrial intermembrane space (IMS), the first working as
a metallochaperone to Sco1 and Sco2 (6, 7), whereas the other
two have a cochaperone function during the copper insertion in
the CuA site (7). Accordingly, lack of Cox17 or mutations on
either Sco1 or Sco2 produce pathogenic conditions related to
decreased CcO activity with fatal outcomes in mice and humans,
respectively (8, 9). Also, yeast lacking Cox17 is respiratory
deficient because of the lack of CcO activity, and this mutant
phenotype is suppressed by the addition of 0.4% copper salts to
the growth medium (10).

Human Cox17 (HCox17) is a 62-residue protein and contains
six conserved Cys residues. A partially oxidized form of HCox17
with two disulfide bonds and two free cysteines (HCox172S-S) has
been proposed to be the functionally competent state in the IMS
capable of copper transfer to Sco1 protein partner (11–13). In
the latter state, HCox17 is structurally organized in a coiled-
coil–helix–coiled-coil–helix (CHCH) domain and binds one
copper(I) ion with two consecutive Cys residues at positions C22
and C23 (12). The human Sco1 and Sco2 proteins (HSco1 and
HSco2, respectively) contain two essential Cys residues in a fully
conserved CXXXC metal-binding motif, arranged in a thiore-
doxin fold (14–16). These two Cys residues (C169 and C173 in
HSco1, C133 and C137 in HSco2), together with a conserved His
residue (H260 in HSco1, H224 in HSco2), constitute the copper-
binding residues (14, 15). The specific role of these two proteins
in the copper transfer to the CuA site is not yet understood and
was recently the subject of an extensive scientific debate, in which
several different functions, even completely novel and unrelated
to the co-chaperone function, have been proposed (14, 17, 18).

Copper binding needs reduced Cys in both donor and accept-
ing proteins. Even in the cytoplasm, although reduced glutathi-
one (GSH) is preponderant with respect to the oxidized form
(GSSG), thus providing a reducing environment, some copper-
binding sites can require specific proteins to quantitatively
reduce all Cys residues, such as glutaredoxin 1 in the case of the
Menkes and Wilson proteins (19). No evidence exists for the
presence in the IMS of glutathione reductase to maintain
GSH/GSSG redox homeostasis (20, 21), thus suggesting that the
environment in the IMS can be less reducing than in the
cytoplasm, and might depend on its specific regions and cell
conditions. Therefore, the question arises about how the accept-
ing copper proteins located in the IMS, e.g., Sco1, Sco2, and CcO
subunit II, which bind copper through two Cys residues, are kept
reduced. Accordingly, the highly negative reduction potential
values of the two metal-binding Cys residues in apoHSco1 and
apoHSco2 (14, 15) suggest that a reductant capable of reducing
their disulfide bonds is needed for them to be able to bind the
copper(I) ion. This feature is even more compelling in Gram-
positive and Gram-negative bacteria, where a similar pathway for
copper transport and incorporation in CcO, involving Sco
proteins (22, 23), occurs outside of the cell or in the periplasmic
space, respectively, where Cys residues in Sco and CuA sites can
presumably be oxidized by the aerobic environment.

We have already proposed that Cu(I)HSco1 may reduce the
disulfide bond in the oxidized apoCuA site of CcO, giving rise to
oxidized HSco1 (HSco11S-S hereafter) and copper-bound CuA
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