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Abstract Mitochondria are dynamic organelles and can
undergo regulated fission/fragmentation to produce smaller
organelles or, alternatively, can undergo fusion to produce
tubular or net-like mitochondrial structures. Although some
of the molecules that control mitochondrial fission and
fusion are known, new molecules and pathways that con-
trol this process continue to be discovered, suggesting that
this process is more complex than previously appreciated.
In addition to their crucial role in the regulation of apop-
tosis, recent studies have implicated members of the Bcl-2
family in maintenance of the mitochondrial network. Here,
we discuss the mechanisms governing mitochondrial fis-
sion/fusion and summarize current knowledge concerning
the role of Bcl-2 family members in regulating mitochon-
drial fission/fusion dynamics.
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Introduction

The essential role of mitochondria in energy production has
long been appreciated, and recent studies on the dynamic
nature of mitochondria have highlighted their role in nor-
mal cell physiology and disease. Mitochondria are dynamic
organelles that can undergo regulated fission, fusion,
branching, changes in subcellular distribution, exchange of
mitochondrial contents including mitochondrial genomes,
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alteration of their shape, and increases or decreases in their
number. Mitochondrial morphology and copy number
mainly depend on the balance of fusion and fission activ-
ities. A shift toward fusion enables the cell to build
extended interconnected mitochondrial networks, whereas
a shift toward fission generates numerous morphologically
and functionally distinct small spherical organelles. These
processes are controlled by proteins of the fusion/fission
machinery and play an essential role in the physiology of
healthy cells.

Mitochondria also act as a pivotal regulator of apoptosis
in mammals. For further reading on mitochondrial control
of caspase-dependent and caspase-independent cell death
we refer the reader to Pradelli et al. in a separate review in
this issue. Briefly, mitochondrial outer membrane perme-
abilization (MOMP) leads to the loss of mitochondrial
transmembrane potential and the release of proapoptotic
molecules, including cytochrome ¢, from mitochondria to
the cytosol [1, 2]. MOMP is tightly regulated by the Bcl-2
family of proteins. Some members, including Bcl-2 and
Bcl-xL, maintain the integrity of the mitochondria to pre-
vent the release of cytochrome ¢, whereas others, in
particular Bax/Bak and the so-called BH3 only proteins,
such as Bid and Bim, promote mitochondrial cytochrome ¢
release [1, 2]. However, the mechanism by which the pro-
apoptotic proteins of the Bcl-2 family induce the release of
cytochrome ¢ from mitochondria remains controversial.
Extensive mitochondrial fragmentation occurs during
apoptosis, and it has been proposed that mitochondrial
fragmentation could contribute to the release of cyto-
chrome c that is seen during this process, but some recent
studies challenge this hypothesis.

Here, we discuss the mechanisms regulating mitochon-
drial fusion/fission and possible roles in apoptosis. We will
focus on the role of Bcl-2 family proteins in regulating
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mitochondrial fusion/fission dynamics in healthy cells as
well as during apoptotic cell death.

The mitochondrial fission and fusion machinery

The major components of the mitochondrial fusion and
fission machineries have been evolutionarily conserved
from yeast to human. Genetic studies in yeast have been
instrumental in identifying the molecular players in mito-
chondrial dynamics, and orthologs of many of these genes
play similar functions in mammalian cells [3].

Mitochondrial fusion involves the coordinated fusion of
both the outer and inner mitochondrial membranes. The
core machinery in yeast consists of three proteins: Fzol
and Ugol in the outer membrane and Mgm1, a dynamin-
related GTPase anchored to the inner membrane. Yeast
cells lacking one of these components present fragmented
mitochondria and have severe defects in mitochondrial
DNA inheritance [4-8]. In mammalian cells, this process is
tightly regulated by GTPases localized to the outer mito-
chondrial membrane, termed mitofusins. Two ubiquitously
expressed mitofusin genes have been described in mam-
malian cells, Mfnl and Mfn2 [9]. In addition to Mfn1 and
Mfn2, the dynamin family GTPase OPA1, the mammalian
homolog of Mgml, is crucial for mitochondrial fusion
(Fig. 1) [10, 11]. This intermembrane space protein is
associated with the inner membrane and may play a role in
controlling inner membrane structure. Importantly, both
Mitn2 and OPA1 genes are associated with neurodegener-
ative diseases (see below).

In yeast, the opposing process of mitochondrial fission
depends on four proteins: Fisl, localized in the
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Fig. 1 Proteins implicated in mitochondrial fission and fusion. Drp-1
recruitment to the mitochondria, possibly involving Fis-1 transmem-
brane protein, promotes mitochondrial membrane constriction and
subsequent mitochondrial fragmentation. Mfnl and Mfn2 proteins are
involved in promoting fusion of mitochondrial outer membranes,
whereas OPAL is responsible for the fusion of mitochondrial inner
membranes. However, the mechanisms coordinating the fusion of
mitochondrial outer and inner membranes remain unclear

mitochondrial outer membrane, and three cytosolic pro-
teins called Dnm1, Mdv1, and Caf4. Yeast cells presenting
a defect in the core mitochondrial fission machinery con-
tain extensively interconnected mitochondria due to
ongoing fusion, unopposed by the fission process [12—16].
In mammalian cells, three proteins are known to be
required for mitochondrial fission: Fisl, Drpl, and endo-
philin B1 (also called Bif-1). Drpl, a large GTPase, is
largely localized in the cytosol but a fraction localizes to
puncta on mitochondria [17]. In addition to its amino-ter-
minal GTPase domain, Drpl contains a dynamin-like
central domain and a carboxy-terminal GTPase effector
domain (GED). Fisl is distributed evenly on the outer
mitochondrial membrane and could serve as a receptor for
Drpl, which translocates from the cytosol to the outer
mitochondrial membrane where it forms a ring that drives
fission of the organelle by a mechanism that remains
unclear (Fig. 1) [18]. However, on the basis of its simi-
larities with dynamin, Drpl has been proposed to couple
GTP hydrolysis with mitochondrial membrane constriction
and subsequent fission [17]. Endophilin B1, a fatty acyl
transferase, is also required for the maintenance of normal
mitochondrial morphology, and it has been shown that
Drpl and endophilin B1 participate in distinct steps regu-
lating dynamic stability of the mitochondrial network in
mammalian cells [19, 20].

Interestingly, proteins involved in the transport of
mitochondria and their spatial localization also have the
capacity to regulate mitochondrial fusion/fission steady-
state. For example, a subgroup of Rho-like genes, which
were named Miro (for mitochondrial Rho), encode proteins
that are similar to the Rho GTPases in their N-terminal
GTPase domains, but in addition they contain two calcium-
binding motifs, so-called EF-hands. It has been shown that
ectopically expressed Miro-1 and Miro-2 are present at the
outer mitochondrial membrane and are implicated in
mitochondrial homeostasis [21]. Indeed, expression of a
constitutively active Miro-1 (Miro-1/Val-13) induces
mitochondrial aggregates, probably due to an increase in
mitochondrial fusion [21]. This protein is also highly
implicated in mitochondrial motility in neurons, as a cal-
cium sensor [22-24]. These data indicate that
mitochondrial motility can also modulate mitochondrial
fusion/fission dynamics.

Role of mitochondrial fission/fusion in apoptosis

Mitochondria play a central role during the apoptotic pro-
cess as these organelles are permeabilized by pro-apoptotic
members of the Bcl-2 family such as Bax and Bak [25-27]
(see also Pradelli et al. in this issue). MOMP promotes
apoptosis by permitting the escape of proteins, such as
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cytochrome c, that can act as co-factors for assembly of the
Apaf-1/caspase-9 apoptosome or can promote other
downstream events in apoptosis [1, 27]. However, the
mechanism underlying MOMP is still elusive. Recently,
mitochondrial fission has been proposed to participate in
MOMP. This hypothesis is based upon the observation that
apoptosis-associated mitochondrial fragmentation occurs
very close in time to cytochrome c release [28]. However,
while mitochondrial fragmentation is indeed associated
with apoptosis, excessive mitochondrial fission can occur
in a variety of conditions, independently of cell death
processes, such as that which occurs upon exposure to
uncoupling agents that disrupt the electrochemical poten-
tial of the inner mitochondrial membrane. For example, it
has been shown that mitochondrial fragmentation induced
by FCCP is reversible upon drug removal and does not
invariably result in cytochrome c release or cell death [29].

Interestingly, several components of the mitochondrial
fission machinery, such as Drpl, Fisl, and endophilin B1,
or proteins implicated in the mitochondrial fusion
machinery, such as OPA1 or Mfn2, have been shown to
modulate programmed cell death progression, emphasizing
a potential role for mitochondrial dynamics in regulating
apoptosis. However, other studies suggest that mitochon-
drial dynamics is not centrally involved in apoptosis.
Although modulating the mitochondrial fusion and fission
machineries has been reported to influence the apoptotic
response to various stimuli, such observations have not
been validated in other laboratories.

The mitochondrial fission machinery and cell death

In response to apoptotic stimuli, Drpl is recruited to the
outer membrane of mitochondria, where it colocalizes with
Bax and Mfn2 at fission sites [30]. Interestingly, ectopic
expression of a dominant-negative mutant of the dynamin-
like GTPase Drpl (Drpl K38A), or down-regulation of
Drpl by RNAI, has been reported to not only delay mito-
chondrial fragmentation, but also to inhibit cytochrome ¢
release and cell death [31-34]. On the basis of these
observations, it was proposed that mitochondrial fragmen-
tation was required for MOMP, cytochrome c release, and
the execution of apoptosis. However, several recent studies
have challenged this hypothesis. The RNAi-mediated
ablation of Drpl, while effective in antagonizing fission of
mitochondria, has been reported to fail to block apoptosis to
any significant degree in response to a number of pro-
apoptotic stimuli [35, 36]. Moreover, using a small mole-
cule inhibitor of Drpl, it has recently been demonstrated
that although this compound could delay mitochondrial
cytochrome c release and cell death, this might be related to
a function of Drpl independent of its role in mitochondrial

fission [37]. It has also been shown that overexpression of
Fisl, a putative Drpl receptor, triggers mitochondrial
fragmentation followed by cytochrome ¢ release and
ensuing apoptosis [18]. However, Fisl-induced mitochon-
drial fission can be uncoupled from apoptosis because a
mutant of Fisl (Fis1 K148R) can still induce mitochondrial
fission but not apoptosis [38]. Moreover, ablation of Fisl
has been reported to have little effect on cell death [36].
Endophilin B1 has been shown to interact with the pro-
apoptotic protein Bax [39]. Furthermore, endophilin Bl
RNAI or knockout suppresses both Bax translocation and
cytochrome c release induced by apoptotic stimuli in cul-
tured cells [39]. However, it has been recently demonstrated
that this component of the mitochondrial morphogenesis
machinery also possesses pro-apoptotic functions that are
independent from its reported role in normal mitochondrial
dynamics [40].

More recently, it has been shown that Bax- or Bak-
induced mitochondrial fragmentation can be uncoupled
from cytochrome c¢ release and apoptosis [41]. Indeed,
although Bcl-xL and Mcl-1 inhibit the release of apoptotic
markers, such as cytochrome ¢, within Bax or Bak over-
expressing cells, mitochondrial fragmentation persists, thus
indicating that MOMP and mitochondrial fission are
clearly separable events [41].

Thus, although mitochondrial fission was proposed to be
a requisite step in intrinsic apoptosis pathways activated by
pro-apoptotic members of the Bcl-2 family, at least for the
normal rate of cytochrome c release and caspase activation,
these data argue against a role for mitochondrial frag-
mentation as a driver of apoptosis-associated cytochrome ¢
release, but rather, as a phenomenon that accompanies Bax/
Bak activation.

Mitochondrial fusion and cell death

Some studies have provided evidence that inhibiting
mitochondrial fusion could promote apoptosis. Ablation of
Mitnl or Mfn2 results in mitochondrial fragmentation and
an increase in sensitivity to apoptotic stimuli [42]. Con-
sistent with these data, overexpression of Mfnl or Mfn2,
which provoke an increase in mitochondrial connectivity,
has been reported to delay cytochrome c¢ release and
apoptotic cell death [43]. Interestingly, a mutant of Mfn2,
called Mfn2(RasG12V), functions similarly to wild type in
terms of promoting fusion and lengthening of mitochon-
dria, but the activated Mfn2(RasG12V) mutant shows a
significant increase in the protection of neurons against cell
death and release of pro-apoptotic factor cytochrome c [34,
44]. These results argue in favor of a role of mitofusins 1
and 2 in regulating cell death. However, very recently,
Sheridan and colleagues [41] provided evidence that
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overexpression of Mfn 1 and 2 does not protect against cell
death induced by several pro-apoptotic stimuli, indicating
that enforced mitochondrial fusion fails to affect the rate of
apoptosis. Cytochrome ¢ is mainly localized within mito-
chondrial cristae, described as invaginations of the
mitochondrial inner membrane where the different respi-
ratory complexes are localized. It has been proposed that
the remodeling of cristae could be a required step in the
complete and rapid release of cytochrome c. In agreement
with this hypothesis, it has been shown that down-regula-
tion of OPA1, which regulates inner membrane cristae
reorganization, induces mitochondrial fission and sponta-
neous apoptosis [45, 46]. Moreover, it has been reported
that a cristae disassembly-resistant mutant (OPA1 Q297V)
blocked full release of cytochrome c¢ and apoptosis,
whereas Bax was activated [47]. Altogether, these data
seem to indicate that changes in intramitochondrial struc-
ture are crucial, as compared with the mitochondrial
fusion/fission balance, in the process of cytochrome c
release and cell death.

More recently, it has been demonstrated that mitochon-
dria hyperfuse and form a highly interconnected network in
cells exposed to stresses that inhibit cytosolic protein syn-
thesis [48]. The authors of the latter report also provided
evidence that stress-induced mitochondrial hyperfusion,
which requires metabolically active mitochondria, leads to
increased mitochondrial ATP production and confers stress
resistance to cells. Moreover, this process has been descri-
bed to require Mfnl and OPA1l proteins [48]. Thus,
mitochondrial hyperfusion, mediated by the fusion
machinery, seems to improve mitochondrial function to
protect cells against specific cell death inducers.

Mitochondrial fission/fusion dynamics in healthy cells

Independently of its potential role in cell death, mitochon-
drial fusion/fission dynamics is crucial for the physiology of
healthy cells. For example, it has recently been proposed
that mitochondrial dynamics play a key role in lymphocyte
migration [49]. Lymphocytes are able to sense extracellular
directional chemoattractant gradients and to respond with
asymmetric changes in cell morphology and motility. The
mitochondrial fusion/fission mechanism constrains lym-
phocyte polarization and migration. This study also
indicated that accumulation of mitochondria at the uropod
(a slender posterior appendage) of a migrating cell was
required to ensure high ATP in this strategic position [49]. It
is also worth noting that mutations in proteins regulating
mitochondrial fusion/fission dynamics are implicated in
severe neuropathies. Mutations in Mfn2, mostly lying
within or near the GTPase domain, cause Charcot-Marie-
Tooth (CMT) disease [50]. CMT is a group of diseases

characterized by pathology in the longest motor and sensory
nerves, which enervate the hands and feet. The most com-
mon forms of CMT result from defects in demyelination of
peripheral nerves. Another neuropathy, autosomal domi-
nant optic atrophy (DOA), results in loss of visual activity
and is caused by degeneration of retinal ganglion cells.
The major form of DOA is caused by mutations in OPA1
[51].

The diseases discussed above indicate that neurons are
particularly vulnerable to perturbations in mitochondrial
fusion/fission dynamics. Indeed, the synaptic regions of
axons are well known to contain abundant mitochondria.
This highly localized distribution of mitochondria in neu-
rons probably reflects the intense ATP demands of an active
neuron engaged in synaptic transmission. Mitochondrial
fission could be crucial for mitochondrial redistribution and
proliferation into synapses, whereas the competing process,
mitochondrial fusion, could be involved in interaction and
communication between mitochondria, facilitating mito-
chondrial movements.

Interestingly, as stated above, machinery implicated in
mitochondrial motility in neurons has recently been linked
to mitochondrial fusion/fission dynamics. Long-distance
transport of mitochondria depends on microtubule-based
motor proteins. In order to accommodate specific delivery
of mitochondria to axons and synapses, neurons have to
employ mechanisms that attach the organelles to molecular
motors. Several mitochondrial adaptor proteins, including
Miro and Milton, have been implicated in linking mito-
chondria to the dynein motors, resulting to mitochondrial
motility as a calcium-sensing mechanism [22-24]. Both of
these proteins potentially have an impact on mitochondrial
fusion/fission dynamics, which is crucial for viability of
neurons. For example, it has been shown that Miro
enhanced the fusion state of the mitochondrial network at
resting calcium concentrations but promoted mitochondrial
fragmentation at high calcium concentrations [23]. These
effects of Miro on mitochondrial morphology seem to
involve Drpl suppression and activation, respectively [23].
However, the potential involvement of mitochondrial
motility in regulating mitochondrial fusion/fission dynam-
ics in neurons remains to be further elucidated.

Bcl-2 family proteins and their role in mitochondrial
dynamics

As stated above, mitochondrial dynamics is crucial for
neuronal maintenance. Importantly, it has recently been
demonstrated that the Bcl-2 family of proteins is implicated
in mitochondrial morphology in neuronal cells. It has been
shown that Bcl-w, a pro-survival member of the Bcl-2
family, can regulate mitochondrial fusion/fission dynamics
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in cerebellar Purkinje cells [52]. Indeed, bel-w™'~ mice
display severe defects in Purkinje cell dendrites, spines,
and synapses. This study provided evidence that, in this
case, Bcl-w does not control cell numbers in the brain, but
promotes what is likely to be mitochondrial fission in
Purkinje dendrites, and is required for Purkinje cell syn-
apses and motor learning. Bcl-w™'~ mice display a
significant increase in mitochondrial length, indicating that
Bcl-w influences mitochondrial fission in vivo [52]. More
recently, it has been proposed that Bcl-xL, a pro-survival
factor of the Bcl-2 family, increases the rates of both fusion
and fission [53]. Indeed, it has been shown that cortical
neurons, generated from Bcl-xL conditional knockout
mice, present shorter and more punctate mitochondria
compared with the longer tubular morphology observed in
mitochondria of neurons prepared from wild-type mice.
Moreover, this study proposed that Bcl-xL increases
mitochondrial biomass. Interestingly, Bcl-xL seems to
regulate mitochondrial fusion/fission steady-state in a
Drpl-dependent manner, whereas its role in regulating
mitochondrial biomass (biogenesis and degradation) is
Drpl-independent [53]. These results are also supported by
the fact that Bcl-xL induces Drpl-dependent synapse for-
mation in cultured hippocampal neurons [54]. This study
provided evidence that Bcl-xL, overexpressed either pre- or
post-synaptically, increases synapse number, as well as
mitochondrial localization to synapses. The effects of Bcl-
xL appear to be mediated through Drpl because overex-
pression of Drpl increases synaptic markers, and
overexpression of the dominant-negative Drpl-K38A
decreases them [54]. These data suggest that Bcl-xL pos-
itively regulates Drpl to alter mitochondrial function in a
manner that stimulates synapse formation.

The capacity of members of the Bcl-2 family to mod-
ulate mitochondrial fusion/fission rates had previously been
observed, independently of their role in cell death regula-
tion (Fig. 2). For example, while Bax and Bak have an
established pro-apoptotic function, a recent study demon-
strated a role for these proteins in healthy cells in the
regulation of mitochondrial fusion [55]. Indeed, Bax/Bak
double-knockout cells have constitutive defects in mito-
chondrial morphology and contain mitochondria that are
shorter than normal. Mitochondrial fusion is reduced in
these cells, and it has been proposed that Mfn2 complex
assembly, motility, and distribution along mitochondria in
healthy cells is altered by the presence of Bak and Bax.
Consistent with the evidence that Bax and Bak can promote
mitochondrial fusion by regulating mitofusin activation in
healthy cells, it has been shown that both these proteins can
interact with Mfnl and Mfn2 [55]. Other Bcl-2 family
members have been shown to interact with Mfn2. CED-9,
the Bcl-2 homolog in C. elegans, suppresses apoptosis by
binding CED-4, the Apaf-1 homolog. During apoptosis,

pDsRed-Mito

Vector

Fig. 2 Bcl-2 family members can perturb mitochondrial fission and
fusion dynamics. HeLa cells were transfected either with vector
(pcDNA3.neo), Flag-Bcl-xL, or Flag-Bcl-2 encoding plasmids, in
combination with pDsRed-Mito reporter plasmid to stain mitochon-
drial networks. Cells were fixed 18 h later and immunostained for
Flag to reveal Bcl-xL or Bcl-2 localization patterns. As compared to
vector-transfected cells, note that Bcl-xL-transfected cells displayed
fragmented mitochondrial networks, whereas Bcl-2-transfected cells
contained mitochondrial networks that were highly fused

EGL-1, the C. elegans BH3-only protein, binds to CED-9,
releasing CED-4 to induce cell death. Delivani and col-
leagues [56] have demonstrated that expression of CED-9,
as well as Bcl-xL, results in mitochondrial fusion, possibly
through direct interactions with Mfn2. Moreover, this study
provided evidence that the role of CED-9 in apoptosis and
mitochondrial dynamics can be uncoupled, as overexpres-
sion of CED-9 can induce mitochondrial fusion in
mammalian cells without blocking cell death. In vivo
studies also provided evidence that CED-9 plays a crucial
role in regulating mitochondrial fusion/fission processes,
with CED-9 mutant worms displaying abnormal mito-
chondrial morphology [56]. Furthermore, it has also been
shown that CED-9 plays a role in regulating mitochondrial
homeostasis in C. elegans muscle, supporting previous
results. Indeed, Tan and colleagues [57] have reported that,
although Drp-1-mediated mitochondrial fission in C. ele-
gans muscle does not strictly require CED-9, CED-9 may
potentiate Drp-1 activity and mitochondrial fragmentation.
Thus, it has been suggested that CED-9 may provide a
point of regulation through which the amount of fission and
fusion is tuned in response to cellular requirements.
However, Breckenridge et al. [58] recently suggested that
CED-9 was not required for either the mitochondrial fission
or fusion process in C. elegans, challenging previous
findings. These contradictory data might be related to the
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fact that Breckenridge and colleagues confined their studies
to C. elegans embryos. Thus, although speculative, it is
possible that CED-9 could regulate mitochondrial mor-
phology only at later stages of development.

Interestingly, the cytomegalovirus UL37 gene product,
named viral mitochondrion-localized inhibitor of apoptosis
(VMIA), has also been reported to regulate mitochondrial
fusion/fission dynamics [59]. vMIA has an anti-apoptotic
role by interacting with two pro-apoptotic members of the
Bcl-2 family, Bax [60, 61] and Bak [55]. Moreover, it has
been found that vMIA exhibits an overall fold similar to
Bcel-xL [62]. The expression of vMIA disrupts intercon-
nected mitochondrial networks, resulting in fragmented
mitochondrial phenotypes. Norris and Youle [63] provided
evidence that the ability of vMIA to regulate mitochondrial
dynamics was due to its capacity to inactivate Bax and Bak
fusion activity, as stated above. In contrast to vMIA, the
cytomegalovirus viral protein m38.5 has been shown to
associate with Bax, recruits the latter to mitochondria, and
blocks Bax-mediated but not Bak-mediated MOMP [64,
65]. Importantly, m38.5 fails to modulate mitochondrial
fusion/fission [63]. Because m38.5 selectively interacts
with Bax, this could leave Bak free to regulate mitochon-
drial fusion, leading to a normal mitochondrial network.

Importantly, it has also been demonstrated that Bcl-2
family protein-expressing cells display severe mitochon-
drial motility defects [41]. As described above, Bcl-2
family proteins play a crucial role in mitochondrial mor-
phology in neurons. Mitochondrial motility is also essential
for viability of neurons. Although speculative, it is possible
that members of the Bcl-2 family can influence the asso-
ciation between mitochondria and the cytoskeleton by
interacting with proteins specifically implicated in mito-
chondrial motility, such as Milton and Miro (see above),
thereby modifying mitochondrial fission/fusion dynamics.

Collectively, these data support a role for anti-apoptotic
proteins of the Bcl-2 family in regulating mitochondrial
fusion/fission dynamics. However, it still remains unclear
precisely how Bcl-2 family proteins influence mitochon-
drial network dynamics at a molecular level.

Conclusions

Bax- and Bak-induced remodeling of mitochondrial net-
works has been shown to be upstream of, and clearly
separable from, mitochondrial cytochrome c¢ release.
Hence, mitochondrial fragmentation seems to be a conse-
quence rather than an instigator of apoptosis. The role of
excessive mitochondrial fission during apoptosis is still not
clear and additional data are required to understand the
significance of this process during cell death. There is also
growing evidence that Bcl-2 family proteins influence

mitochondrial morphology and localization in healthy
cells. Mitochondrial dynamics is crucial to allow accu-
mulation of these organelles in subcellular regions
requiring high metabolic activity and is therefore tightly
implicated in disease pathogenesis, such as neuropathy.
However, additional studies are necessary to elucidate how
members of the Bcl-2 family perturb mitochondrial mor-
phology and motility. The unexpected role of Bcl-2 family
members in a process that appears to be unrelated to their
role in regulating MOMP and apoptosis may partly explain
why Bcl-2 family members do not appear to regulate
apoptosis in the fly. Although two Bcl-2 family members
have been found in the fly, neither appear to have important
roles in regulating the onset of apoptosis in this organism.
It therefore remains possible that these proteins serve to
regulate mitochondrial dynamics rather than cell death in
some settings.
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