
The ADP/ATP translocator (or adenine
nucleotide translocase; ANT) is thought
to play a dual role: in the transport of

ADP and ATP across the mitochondrial
inner membrane and in the formation of
the mitochondrial permeability-transition
pore (mtPTP), a nonspecific pore that is an
important mediator of apoptosis (pro-
grammed cell death)1–3. However, Kokoszka
et al.4 have shown that mitochondria from
livers of ‘ANT-knockout’ mice, in which the
ANT has been genetically inactivated, still
possess mtPTP activity. From this, the
authors conclude that the ANT is a non-
essential component of the mtPTP that may
be dispensable for mtPTP-associated cell
death4. These results, which contradict previ-
ous evidence1,2 and cast doubt on a widely
accepted model for the mtPTP (ref. 1), war-
rant scrutiny and call for a fundamental
reappraisal of the role of the ANT in liver
metabolism.

Nearly all essential metabolic pathways in
the liver require an abundant supply of
cytosolic ATP, with gluconeogenesis, urea
synthesis and lipogenesis being the most
demanding. Most of this ATP is supplied by
mitochondrial oxidative phosphorylation
and is exported to the cytosol by the ANT in
exchange for incoming ADP — as illustrated,
for example, by the inhibition of hepatic
gluconeogenesis and urea synthesis by atrac-
tyloside (a specific inhibitor of the ANT)5. It
is therefore surprising that mice without
hepatic ANT can survive the loss of these
essential metabolic pathways, let alone live
normally for at least a year4.

What metabolic changes could account
for this unexpected finding? The liver might
switch to using much more glucose in order to
generate ATP by glycolysis in the cytosol, but
this would lead to massive production of lactic
acid by the liver (and subsequent oxidation
by red muscle and heart) that should be readily
detected as an increase in blood lactate con-
centrations. And even this compensatory
mechanism would not enable the liver to carry
out gluconeogenesis, a task that would have
to be taken over by the kidney.An alternative
is that another member of the mitochondrial
carrier family, such as the deoxynucleotide
carrier or the ATP–Mg/Pi exchange carrier,
might take over the role of the ANT3.

Or could it be that the mitochondria are
not totally devoid of ANT activity, as Kokos-
zka et al. claim? Their indirect assay for this
activity is not particularly sensitive, relying as
it does on stimulation of the already enhanced
rate of state-3 respiration, although any res-
idual activity must be relatively small.

The principal conclusion reached by the
authors4, that the ANT is not an essential 
component of the mtPTP, may also require
qualification in the light of evidence that the
ANT, together with cyclophilin D, does fulfil
this role1,2. Putting aside the possibility that
there may be some residual ANT present,
could there be an alternative explanation for
the new observations? 

The ANT is the most abundant member
of a family of transporters that have a con-
served structure3, and several members of
this family will form channels under specific
conditions1,6,7; it would be consistent with the
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authors’ data if the ANT represented the 
normal target for cyclophilin-D binding that
leads to mtPTP formation. However, in the
absence of the ANT, another less abundant
member of the carrier family might take its
place, albeit, as observed by the authors, with
less sensitivity to calcium and no sensitivity to
ligands of the ANT.

Also, it has been proposed8 that the
mtPTP may be formed from aggregates of
denatured membrane proteins: these may
normally be stabilized by a chaperone, but
open into a pore when acted upon by
cyclophilin D in the presence of calcium.

There is strong evidence that the mtPTP
can be formed from purified ANT and
cyclophilin D2,7,9, but this falls short of proof.
More rigorous analysis of the reconstitution
of the mtPTP from purified components
should resolve this controversy. Such an
analysis will be facilitated by the X-ray crys-
tallographic structures of the ANT (ref. 10)
and cyclophilin D(ref.11).
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