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Parkinson disease (PD) is a common neu-
rodegenerative disorder affecting about 
1–2% of the population over the age of 
65.1 While most PD cases are sporadic, 
the rare, familial forms can provide unique 
insight into disease processes. Mutations 
within the PARK2 locus, which encodes 
the ubiquitin E3 ligase parkin,2 are the 
most common cause of autosomal recessive 
PD. Since loss-of-function parkin muta-
tions are associated with neurodegenera-
tion in humans, perhaps it’s not surprising 
that the expression of parkin is routinely 
associated with increased cell survival. 
Indeed, there is a surprisingly wide variety 
of cell stressors that are rescued by parkin, 
spanning chemical inducers of apoptosis, 
pro-oxidants and disease-associated pro-
teins. For parkin to possess such a potent 
and almost omni-protective function, one 
would imagine it acting at a downstream 
level within a cell death/cell survival path-
way. The fact that the pro-survival effects of 
parkin have been observed in Drosophila, 
rodents and cell culture systems derived 
from a variety of species further instructs 
us that the pathway(s) influenced by par-
kin are evolutionally conserved.

We recently reported that parkin-
dependent ubiquitination of Bax is 
required for the anti-apoptotic function 
of parkin.3 In multiple systems, parkin 
reduced the mitochondrial accumula-
tion of Bax under basal conditions and 
also inhibited acute stress-induced Bax 
translocation to the mitochondria. The 
discovery that a pro-apoptotic member 
of the Bcl-2 protein family is inactivated 
by parkin not only provides the underly-
ing mechanism for the parkin-dependent 
regulation of cytochrome c release we 
previously described,4 but also satisfies 
the framework established by the parkin 
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literature predicting a direct downstream 
function within a highly conserved cell 
death pathway.

Soon after the cloning of the PARKIN 
gene, numerous studies shed light on the 
function of parkin. Parallel efforts from 
many groups also revealed that parkin is 
dramatically sensitive to stress-induced 
mis-folding, aggregation and inactivation, 
with some studies reporting alterations 
in parkin solubility in diseased human 
brain tissue.5 However, it is difficult to 
reconcile the potent and widely accepted 
protective effects of parkin with the fact 
that at the biochemical level parkin is 
rapidly inactivated or made insoluble dur-
ing cell stress. In the rational design of a 
pro-survival protein, many considerations 
would be made. At the primary sequence 
level, for example, highly reactive and 
modification-prone cysteines would be 
limited or excluded altogether; parkin has 
35 cysteine residues. In terms of second-
ary structure, a stress-tolerant conforma-
tion would be desirable but is not found 
in parkin. The paradox of parkin-induced 
protection against stress and stress-
induced parkin dysfunction inspired us 
to ask how parkin could promote cell sur-
vival in spite of an acute, stress-induced 
loss of parkin function. Our most recent 
data provide insight. We propose that a 
parkin-dependent reduction in mitochon-
drial Bax and the reduced propensity for 
apoptosis perpetuate a pro-survival state, 
even in the absence of parkin itself. Akin 
to how receptor densities establish long-
term changes in the sensitivity of neurons 
to depolarization, by reducing mitochon-
drial Bax parkin may establish a “desensi-
tized state” within the intrinsic apoptotic 
pathway that persists long after parkin has 
been inactivated by stress.

Parkin may not always act alone but 
rather functionally interact with another 
autosomal recessive PD gene prod-
uct, PINK1. The existence of a discrete 
PINK1-Parkin pathway and the upstream 
placement of PINK1 was initially pro-
posed by two studies demonstrating that 
parkin- and PINK1-null Drosophila dis-
played complementary phenotypes, and 
the ectopic expression of parkin rescued 
PINK1-null flies, but not vice versa.6,7 
We now know that mitochondrial mem-
brane depolarization induces the rapid 
recruitment of parkin to the mitochondria 
in a PINK1-dependent manner, where 
it facilitates mitochondrial degradation 
(mitophagy).8 PINK1 appears to serve as 
a powerful homing beacon for parkin, as 
PINK1 mis-localization within the cell 
can result in the aberrant co-localization 
of parkin,9 underscoring the command-
ing role of PINK1 in this function of par-
kin. However, the requirement of PINK1 
for the earliest steps in parkin-induced 
mitophagy argues that this system can-
not account for the parkin-dependent res-
cue of flies lacking PINK1. Perhaps more 
likely, the initial observation of parkin 
rescue involved a process distinct from 
parkin-induced mitophagy, a PINK1-
independent parkin pathway, such as 
the parkin-dependent inactivation of a 
Bax-like protein3 and regulation of cyto-
chrome c release.4 Therefore, available 
evidence would suggest the existence of 
at least two distinct pathways of parkin 
function (Fig. 1A), one requiring PINK1 
(mitophagy) and the other being PINK1-
independent (regulation of cytochrome c 
release). In our view, these two processes 
are not mutually exclusive, but rather likely 
coexist within the cell. Interestingly, mul-
tiple groups report a parkin-independent 
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cell health remain fertile ground for fur-
ther debate and discovery.
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function of PINK1 in the regulation of 
electron transport chain activity, consis-
tent with this perspective.10

It is evident that parkin may promote 
cell survival through multiple avenues, 
while mitochondria remain at the epi-
center of even this more expanded view. 
Therefore, we envisage a partial overlap 
model for parkin and PINK1 function 
(Fig. 1B). However, the relative impor-
tance of the cooperative PINK1-Parkin 
pathway and the individual roles of each 
of these disease-linked proteins may dif-
fer according to tissue and/or cell type 
(Fig. 1C). Certainly, their respective con-
tributions to mitochondrial biology and 

Figure 1. the cooperative and independent functions of parkin and PiNK1. (A) Parkin plays a role in two distinct mitochondrial pathways, a PiNK1-de-
pendent process initiating mitophagy and a PiNK1-independent pathway regulating the apoptotic release of cytochrome c. (B) Parkin and PiNK1 each 
possess independent roles in mitochondrial biology, such as regulation of cytochrome c release and electron transport chain function, respectively, 
but also work together in mitophagy. (C) However, the relative importance of their individual and cooperative roles in the cell is not known and is 
deserving of greater attention.
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