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Parkinson’s disease is a common neurodegenerative disorder in
which familial-linked genes have provided novel insights into the
pathogenesis of this disorder. Mutations in Parkin, a ring-finger-
containing protein of unknown function, are implicated in the
pathogenesis of autosomal recessive familial Parkinson’s disease.
Here, we show that Parkin binds to the E2 ubiquitin-conjugating
human enzyme 8 (UbcH8) through its C-terminal ring-finger. Parkin
has ubiquitin–protein ligase activity in the presence of UbcH8.
Parkin also ubiquitinates itself and promotes its own degradation.
We also identify and show that the synaptic vesicle-associated
protein, CDCrel-1, interacts with Parkin through its ring-finger
domains. Furthermore, Parkin ubiquitinates and promotes the
degradation of CDCrel-1. Familial-linked mutations disrupt the
ubiquitin–protein ligase function of Parkin and impair Parkin and
CDCrel-1 degradation. These results suggest that Parkin functions
as an E3 ubiquitin–protein ligase through its ring domains and that
it may control protein levels via ubiquitination. The loss of Parkin’s
ubiquitin–protein ligase function in familial-linked mutations sug-
gests that this may be the cause of familial autosomal recessive
Parkinson’s disease.

Parkinson’s disease (PD) is the second most prevalent neu-
rodegenerative disorder, but the etiology remains poorly

understood (1, 2). Patients with PD suffer from rigidity, slowness
of movement, tremor, and disturbances of balance (1, 2). PD is
characterized by the progressive loss of dopamine-containing
neurons in the substantia nigra pars compacta (3, 4) and the
accumulation of Lewy bodies, proteinaceous intracytoplasmic
accumulations of eosinophilic material that stain for ubiquitin
(5). Novel insights into the molecular mechanisms of the patho-
genesis of PD have come from the identification of genes
associated with rare forms of familial PD (6). Mutations in
a-synuclein (A53T and A30P) are linked to autosomal dominant
PD (7, 8). This led to the discovery that a-synuclein is a major
component of Lewy bodies and suggests that derangements in
a-synuclein could be a major cause or contributor to the
pathogenesis of sporadic PD (9, 10). Consistent with this notion
are observations that overexpression of a-synuclein in transgenic
fruit f lies and mice causes a Parkinsonian phenotype and
replicates many of the pathological features of PD (11–13).

Other autosomal dominant genes or loci linked to PD have
been described and include a mutation (I93M) in ubiquitin
carboxyl-terminal–hydrolase-L1 (14), a member of the ubiquitin
C-terminal hydrolase family that hydrolyzes small C-terminal
adducts of ubiquitin to generate ubiquitin monomers and is
involved in facilitating the degradation and processing of pro-
teins through the 26 S proteasome. Thus, derangements in
ubiquitin processing may be linked to the pathogenesis of PD.
Linkages to chromosome 2P and 4P have been described, as well
as yet to be identified loci, but the genes await identification
(15–17).

Mutations in the Parkin gene are responsible for autosomal
recessive PD (18). Several Parkin-associated pedigrees have
been described with both deletions and point mutations, as well
as compound heterozygosity causing autosomal recessive PD
(19–21). Recent studies suggest that mutations in Parkin are the
major cause of autosomal recessive familial PD (19); thus,
understanding the function of Parkin and how mutations inter-
fere with the function of Parkin may provide novel insights into
the pathogenesis of PD. The function of the Parkin protein
remains unknown. However, Parkin shows mild homology to
ubiquitin at the N terminus and contains two ring-finger motifs
and an in-between ring-finger (IBR) domain at the C terminus
(22). Recently, a few proteins with ring-finger motifs similar to
Parkin were shown to be involved in E2-dependent ubiquitina-
tion (23–26). Ubiquitination requires the ATP-dependent acti-
vation of ubiquitin by the ubiquitin-activating enzyme E1. Ubiq-
uitin is transferred to an E2 ubiquitin-conjugating enzyme, which
works in conjunction with an E3 ubiquitin–protein ligase to
ubiquitinate substrate proteins (23, 24). The existence of two
ring-finger motifs and the N-terminal homology to ubiquitin
suggests that Parkin may be involved in the ubiquitination
pathway. Interestingly, several of the point mutations identified
in Parkin fall within the two ring-finger domains, whereas the
majority of the nonpathologic polymorphisms are located out-
side the ring-finger domains, thus implicating the importance of
the ring-finger motifs in Parkin function (21). These recent
findings prompted us to investigate whether the two ring-finger
motifs and IBR domain of Parkin may provide an E2-binding
interface and whether Parkin may function as an E3 ubiquitin–
protein ligase. We show here that Parkin interacts with the E2
ubiquitin-conjugating enzyme, UbcH8, and has E3 ubiquitin–
protein ligase activity. Parkin is self-ubiquitinated, and the
self-ubiquitination promotes its own degradation. In an attempt
to identify potential substrates of Parkin, we performed yeast
two-hybrid screening and identified a synaptic protein, CD-
Crel-1. Parkin interacts with and ubiquitinates CDCrel-1 and
promotes its degradation, whereas familial-linked Parkin mu-
tants are defective in the degradation of CDCrel-1.

Materials and Methods
Database Searching. Full-length Parkin protein sequence was
entered as a query for a PSI-Blast search (http:yywww.ncbi.
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nlm.nih.govyblastypsiblast.cgi) using default settings (27) and
four iterations.

Generation of Plasmids. Full-length Parkin cDNA was cloned into
pRK5-myc vector and pDBleu vector between SalI and NotI
sites. The cDNA sequences encoding amino acids 220–465,
220–403, 32–465, 220–318, 304–404, and 395–465 of Parkin
were cloned into pRK5-myc vector between SalI and NotI sites
to generate pRK5-myc-R1-IBR-R2, pRK5-myc-R1-IBR, pRK5-
myc-IBR-R2, pRK5-myc-R1, pRK5-myc-IBR, and pRK5-myc-
R2, respectively. The mutants pRK5-myc-ParkinThr240Arg,
pRK5-myc-ParkinThr415Asn, pRK5-myc-ParkinCys421Ala,
pRK5-myc-ParkinCys431Ala, pRK5-myc-ParkinGln311stop,
and pRK5-myc-ParkinTrp453Stop were generated by PCR-
mediated site-directed mutagenesis (28). Full-length mouse
CDCrel-1 cDNA was cloned into pRK5-myc and pRK5-
hemagglutinin (HA) vector to generate pRK5-myc-CDCrel-1
and pRK5-HA-CDCrel-1, respectively. Full-length UbcH5,
UbcH7, and UbcH8 cDNA were cloned into pRK5-HA between
SalI and NotI sites to generate pRK5-HA-UbcH5, pRK5-HA-
UbcH7, and pRK5-HA-UbcH8. The integrity of all of the
constructs was confirmed by sequencing.

Coimmunoprecipitation Assays. HEK 293 cells were transfected
with 2 mg of each plasmid using Lipofectamine (GIBCO).
Thirty-six hours later, cells were washed with cold PBS and
harvested in IP buffer (1% Triton X-100y2 mg/ml aprotininy100
mg/ml PMSF in PBS). The lysate was then rotated at 4°C for 1 h
followed by centrifugation at 16,000 3 g for 15 min. The
supernatants were combined with 50 ml of protein G Sepharose
(Amersham Pharmacia) preincubated with anti-HA (Roche
Molecular Biochemicals) or anti-myc antibody (Roche Molec-
ular Biochemicals) followed by rotating at 4°C for 2 h. The
protein G Sepharose was then spun down and washed thoroughly
three times using IP buffer or IP buffer with additional 500 mM
NaCl followed by three additional washes. The precipitates were
resolved on SDSyPAGE gel and subjected to Western blot
analysis.

In Vitro Ubiquitination Assays. Parkin was in vitro translated by TnT
using an in vitro translation kit according to the manufacturer’s
instructions (Promega). Translation reactions of Parkin (5 ml)
were evaluated for ubiquitination in ubiquitination reaction
buffer, which contains 50 mM TriszHCl, pH 7.4y5 mM MgCl2y2
mM ATPy2 mM DTTy100 ng of E1 (Calbiochem)y5 ml of lysate
of Escherichia coli overexpressing UbcH5, UbcH7, or UbcH8y10
mg of Ub (Sigma). Reactions were conducted for 1.5 h at 30°C.
The reactions were terminated by adding SDS sample buffer and
boiling for 5 min. The reactions were then resolved in 10%
SDSyPAGE gel and subjected to Western blotting with anti-
ubiquitin antibody.

In Vivo Ubiquitination Assays. To determine the self-ubiquitination
of Parkin, HEK 293 cells were transfected with 2 mg of pRK5-
myc-Parkin or Parkin mutants and 2 mg of pMT123-HA-
ubiquitin plasmids using Lipofectamine. Thirty-six hours later,
immunoprecipitation was performed with an anti-myc antibody.
The precipitates were analyzed via Western blot with anti-HA
antibody. To determine ubiquitination of CDCrel-1, Myc-tagged
CDCrel-1 and HA-tagged ubiquitin were cotransfected with
pCMV-Parkin or control plasmid. 36 h later, cells were treated
with the specific proteasome inhibitor clasto-Lactacystin b-lac-
tone at 1 and 2 mM for indicated time periods. Immunoprecipi-
tation was performed with an anti-myc antibody. The precipi-
tates were analyzed via Western blot with anti-HA antibody.

Yeast Two-Hybrid Screening. Saccharomyces cerevisiae Mav203 was
transformed with PDBleu-Parkin, and 3 3 106 stable transformants

were further transformed with 15 mg of pPC86 adult mouse brain
library cDNA (CLONTECH). Transformants were selected and
confirmed according to the manufacturer’s instructions.

[35S]Methionine Pulse–Chase Experiments. HEK 293 cells were
transfected with corresponding plasmids as indicated in the
figure legends using Lipofectamine. Twenty-four hours after
transfection, the cells were washed and incubated with methi-
onine-free medium for 1 h. The cells were then pulsed with 100
mCi of [35S]methionine for 3 h and then washed and chased in
normal medium for 16 h. At 30 min, 1.5 h, 3 h, 6 h, and 16 h cells
were harvested for immunoprecipitation with anti-myc antibody.
The immunoprecipitates were resolved on a 10% SDSyPAGE
gel and visualized with a phosphoimager. The amount of radio-
activity was quantitated for each protein of interest (Parkin or
CDCrel-1) by using the image analysis software of the Molecular
Dynamics Phosphoimager and plotted versus time.

Results
Parkin Interacts with the E2 Ubiquitin-Conjugating Enzyme UbcH8.
Based on several missense mutations in the ring-finger domains
of the Parkin gene being implicated in the pathogenesis of
autosomal recessive PD, we conducted homology searches for
proteins with similar ring-finger structures using PSI-BLAST.
PSI-BLAST searches for proteins with common functional do-
mains and can be used to identify proteins with similar putative
function (27). We identified three proteins that share sequence
similarity with Parkin including the human homologue of Dro-
sophila ariadne (HHARI, NP005735), UbcH7-associated pro-
tein (H7-AP1, CAB45870), and UbcM4-interacting protein 28
(UIP28, AAD24572) (Fig. 1A). All three proteins share se-

Fig. 1. Parkin interacts with the E2 ubiquitin-conjugating enzyme, UbcH8.
(A) Multiple sequence alignment of ring-finger domains of Parkin
(BAA25751), HHARI (NP005735), H7-AP1 (CAB45870), and UIP28 (AAD24572).
Conserved residues are highlighted, and the ring fingers (R1 and R2) and the
IBR domain are indicated. Abbreviations: HHARI, ariadne homologue (Homo
sapiens); H7-AP1, UbcH7-binding protein; UIP28, UbcM4 interacting protein
28. (B) Lysates prepared from HEK 293 cells transfected with pRK5-myc-Parkin
and pRK5-HAUbcH5, pRK5-HAUbcH7, or pRK5-HAUbcH8 were subjected to
immunoprecipitation (IP) with anti-myc antibody followed by anti-HA immu-
noblotting. This experiment was replicated three times with similar results.
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quence similarities with Parkin by the presence of two ring
fingers and an IBR domain. HHARI and H7-AP1 were recently
shown to interact with the E2 ubiquitin-conjugating enzymes
UbcH7 and UbcH8 (29). UIP28 was also recently shown to
interact with the E2 ubiquitin-conjugating enzyme UbcM4,
which is the mouse homologue of human UbcH8 (30).

Because Parkin shares sequence similarities with three pro-
teins that either interact with the E2 ubiquitin-conjugating
enzymes UbcH7 and UbcH8 or the mouse UbcH8 homologue,
we reasoned that Parkin might interact with UbcH7 or UbcH8.
Accordingly, we monitored the ability of Parkin to interact with
UbcH7, UbcH8, and the unrelated E2 UbcH5 (Fig. 1B). Co-
transfection of Myc-tagged Parkin and HA-tagged UbcH5,
UbcH7, and UbcH8 followed by coimmunoprecipitation reveals
that Parkin selectively interacts with UbcH8 (Fig. 1B). Interest-
ingly, UbcH8 is enriched in the central nervous system (31).

Parkin Binds UbcH8 Through Its R2 Ring-Finger Domain, and Familial-
Linked and Ring-Finger Parkin Mutants Have Defective E2 Binding. A
series of constructs containing the ring fingers and IBR domains
of Parkin were generated to map the UbcH8, E2-binding domain
(Fig. 2B). A coimmunoprecipitation experiment reveals that the
C-terminal ring-finger (R2) domain of Parkin is the minimal
region required for UbcH8 binding and that UbcH8 does not
bind to the N-terminal ring-finger (R1) domain (Fig. 2B). The
combined R2 and IBR domains bind UbcH8 stronger than R2
domain alone (Fig. 2B).

Because other ring-finger-containing E3 ubiquitin-protein
ligases require active cysteines for a functional ring-finger do-
main (26) and the identification of several missense mutations in
the ring-finger domains of Parkin cause PD, we assessed the
requirements for cysteine residues and the effects of a variety of
familial-linked Parkin mutations on the ability of Parkin to bind
to UbcH8 (Fig. 2C). We elected to focus our attention on the R2
ring-finger domain as Parkin binds UbcH8 with its second ring
finger. Initial experiments indicate that Parkin and the Parkin
mutants interact with relatively high affinity with UbcH8, as we
were only able to discern differences in binding to UbcH8 when
the coimmunoprecipitates were washed with 500 mM NaCl (Fig.
2C). In this assay, the familial-linked missense mutation
Thr415Asn within the R2 ring-finger domain, the familial-linked
mutation Gln311Stop that results in a truncated protein without
the IBR and R2 ring-finger domain, completely eliminates the
ability of Parkin to interact with UbcH8 (Fig. 2C). In contrast,
the familial-linked mutation Trp453Stop that results in a trun-
cated protein without the last 12 amino acids impairs, but does
not eliminate, the interaction between Parkin and UbcH8. The
familial-linked R1 ring-finger mutant Thr240Arg partially re-
duces UbcH8 binding, suggesting that an intact R1 ring-finger
domain may be required for full-length Parkin to interact with
UbcH8. We further explored the role for the ring fingers in
regulating the interaction between UbcH8 and Parkin by mu-
tating cysteines within the second ring finger (Fig. 2C). Muta-
tions of either the first or second cysteine of the R2 ring-finger
domain (Cys421Ala and Cys431Ala, respectively) reduces the
interaction between Parkin and UbcH8 (Fig. 2C). These results,
taken together, indicate that the ring-finger R2 domain is critical
for the interaction between Parkin and UbcH8 and suggest
that this interaction may be important for Parkin-mediated
ubiquitination.

Parkin Has E3 Ubiquitin–Protein Ligase Activity, and Familial-Linked
Parkin Mutants Are Defective in E3 Ubiquitin–Protein Ligase Activity.
To ascertain whether Parkin might have a role in ubiquitina-
tion, we determined whether Parkin has E2-dependent E3
ubiquitin–protein ligase activity in vitro (Fig. 3A). Free ubiq-
uitin and the ubiquitin-activating enzyme (E1) were incubated
with bacterial lysates expressing UbcH8, UbcH7, UbcH5, or
control bacteria lysate, in the presence and absence of in vitro
translated Parkin in the ubiquitination reaction buffer (see
Materials and Methods). Ubiquitinated species were monitored
by Western blot analysis with an anti-ubiquitin antibody.
Significantly more ubiquitination occurs in the presence of
UbcH8 and Parkin and also, to a lesser extent, in the presence
of Parkin and the closely related E2, UbcH7. The ubiquitina-
tion observed in the absence of Parkin is probably caused by
intrinsic E3 ubiquitin–protein ligase activity that is contained
within reticulocyte lysates. The unrelated UbcH5 also appears
to partially support Parkin-dependent ubiquitination, which
may be related to the high concentration of the E2s contained
within the bacterial lysates. Thus, Parkin appears to be an
E2-dependent ubiquitin ligase (Fig. 3A), and UbcH8 and
UbcH7 can both support Parkin-mediated ubiquitination,
whereas UbcH8 is more efficient.

To determine whether the mutations in Parkin that prevent or
alter the interaction with UbcH8 affect the ability of Parkin-
mediated ubiquitination, we monitored the in vitro ubiquitina-
tion activity of mutant Parkin in the presence of UbcH8, E1, and
ubiquitin (Fig. 3B). The familial-linked mutation Thr415Asn,
which occurs in the second ring finger, and the Gln311Stop
mutation, which truncates the IBR and R2 ring-finger domains
of Parkin, prevent Parkin-mediated ubiquitination (Fig. 3B). The
familial-linked Thr240Arg mutation, which occurs in the first
ring-finger domain, has decreased E3 ubiquitin–protein ligase
activity. These results taken together suggest that Parkin func-

Fig. 2. UbcH8 interacts preferentially with the C-terminal R2 ring-finger
domain of Parkin. (A) Schematic representation of putative functional do-
mains of Parkin used in the mapping experiments. (B) Lysates prepared from
HEK 293 cells transfected with pRK5-HA-UbcH8 and various Myc-tagged Par-
kin domain constructs were subjected to immunoprecipitation (IP) with anti-
myc antibody followed by anti-HA immunoblotting (Upper). The blot was
stripped and reprobed with the anti-myc antibody (Lower) to illustrate that
equivalent levels of the Parkin constructs were present in the extracts. This
experiment was replicated three times with similar results. (C) Lysates pre-
pared from HEK 293 cells transfected with pRK5-HA-UbcH8 and various Myc-
tagged Parkin mutant constructs (see text for details) were subjected to
immunoprecipitation (IP) with anti-myc antibody followed by anti-HA immu-
noblotting (Upper). The blot was stripped and reprobed with the anti-Myc
antibody (Lower) to illustrate that equivalent levels of the Parkin constructs
were present in the extracts. This experiment was replicated three times with
similar results.
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tions as an E2-dependent E3 ubiquitin–protein ligase and that
the second ring-finger (R2) of Parkin is essential and the first
ring finger (R1) may be required for E3 ubiquitin–protein ligase
activity of Parkin.

Parkin Ubiquitinates Itself Leading to Its Degradation, and Familial-
Linked and Ring-Finger Parkin Mutants Impair Parkin Degradation
Through Defective Self-Ubiquitination. Given the precedence that
Mdm2, a ring-finger protein with E3 ubiquitin–protein ligase
activity, ubiquitinates its target, p53, and also itself (32), we
tested whether Parkin is also self-ubiquitinated in intact cells. In

this assay, HEK 293 cells were transfected with pRK5-myc-
Parkin and pMT123-HA-ubiquitin plasmids using Lipo-
fectamine. After 36 h, immunoprecipitation was performed with
an anti-myc antibody. The precipitates were stringently and
extensively washed and then submitted to Western blot analysis
with anti-HA antibody. The immunoprecipitated Parkin shows
significant anti-HA immunoreactivity, consistent with Parkin
self-ubiquitination (Fig. 3C).

We then tested whether familial-linked Parkin mutations
affects the self-ubiquitination of Parkin using the same assay
(Fig. 3C). The familial-linked R2 ring-finger mutation
Thr415Asn markedly reduces Parkin self-ubiquitination. The
familial-linked truncation mutant, Gln311Stop, which eliminates
the IBR and R2 ring-finger domains, has no detectable self-
ubiquitination. In contrast, the familial-linked mutation
Trp453Stop that results in a truncated protein without the last
12 amino acids impairs, but does not eliminate, Parkin self-
ubiquitination, which is consistent with it partially binding to the
E2, UbcH8. The familial-linked R1 ring-finger mutant,
Thr240Arg, also decreases the self-ubiquitination, consistent
with the in vitro ubiquitination and E2 binding assays. We further
tested whether disruption of the second ring-finger domain
affects the self-ubiquitination of Parkin by examining the R2
ring-finger cysteine mutants. Both Cys421Ala and Cys431Ala
mutations significantly decrease the self-ubiquitination of Parkin
(Fig. 3C).

We next tested whether the self-ubiquitination of Parkin
regulates its own degradation and whether the familial-linked
mutants have different degradation kinetics. We metabolically
labeled Parkin with [35S]methionine and chased it for 18 h by
harvesting cells at different time points and measuring the
amount of [35S]methionine labeled immunoprecipitated Parkin
(Fig. 3D). Pulse–chase experiments show that the familial-linked
mutants, Thr240Arg, Thr415Asn, and a synthetic mutant har-
boring both of mutations, have significantly slower degradation
rates than wild-type Parkin (Fig. 3D). Thus, Parkin ubiquitinates
itself and thereby promotes its own degradation, and familial-
linked mutations impair this process.

Parkin Interacts with and Ubiquitinates and Promotes the Turnover of
CDCrel-1. The ability of Parkin to interact with UbcH8 and
ubiquitinate itself suggests that Parkin may target one or more
proteins for ubiquitin-mediated degradation through the 26 S
proteasome. To identify a potential protein, which Parkin might
target for ubiquitin-dependent degradation, we conducted yeast
two-hybrid screening (data not shown). We screened an adult
mouse brain cDNA library with full-length Parkin as bait and
identified and confirmed one positive interacting clone, CD-
Crel-1, a synaptic vesicle-enriched septin GTPase of 44 kDa
implicated in the inhibition of exocytosis through its interactions
with syntaxin (33). To confirm the yeast two-hybrid results, we
performed cotransfection experiments with myc-tagged Parkin
and HA-tagged CDCrel-1 followed by coimmunoprecipitation.
CDCrel-1 coimmunoprecipitates with Parkin (Fig. 4A). We next
evaluated whether Parkin interacts with CDCrel-1 through its
ring-finger domains by cotransfecting myc-tagged Parkin do-
main constructs and HA-tagged CDCrel-1 followed by coim-
munoprecipitation. Our results show that Parkin interacts with
CDCrel-1 through the entire ring-finger domain with preferen-
tial binding to the R2 ring-finger domain (Fig. 4B). Familial-
linked Parkin mutants do not disrupt the interaction with
CDCrel-1 (data not shown).

We next evaluated whether Parkin ubiquitinates CDCrel-1 by
an in vivo ubiquitination assay in the presence of the specific
proteasome inhibitor clasto-Lactacystin b-lactone. Ubiquitina-
tion of CDCrel-1 is significantly increased in the presence of
Parkin (Fig. 4C).

To investigate whether Parkin regulates CDCrel-1 degrada-

Fig. 3. Parkin is involved in E2-dependent self-ubiquitination both in vitro
and in vivo. (A) In vitro translated Parkin (5 ml) was incubated with 100 ng of
E1, 10 mg of ubiquitin (Ub) with 5 ml of bacterially expressed UbcH8, UbcH7,
UbH5, or control bacteria lysate in the ubiquitination reaction buffer for 1.5 h
at 30°C. The reaction products were immunoblotted with anti-ubiquitin an-
tibody. Molecular weight markers are indicated. This experiment was repli-
cated three times with similar results. (B) In vitro translated Parkin (5 ml) or
Parkin mutants were incubated with 100 ng of E1, 10 mg of Ub with 5 ml of
bacterially expressed UbcH8 in the ubiquitination reaction buffer for 1.5 h at
30°C. The reaction products were immunoblotted with anti-ubiquitin anti-
body. Molecular weight markers are indicated. This experiment was replicated
three times with similar results. (C) Lysates prepared from HEK 293 cells
transfected with pRK5-myc-Parkin or myc-tagged mutant Parkin constructs
and pMT123-HA-ubiquitin were subjected to immunoprecipitation (IP) with
anti-myc antibody followed by anti-HA immunoblotting (Upper). The blot was
stripped and reprobed with the anti-myc antibody (Lower) to illustrate that
equivalent levels of the Parkin constructs were present in the extracts. This
experiment was replicated three times with similar results. (D) Familial-linked
Parkin mutants impair Parkin degradation. HEK 293 cells were transfected
with pRK5-myc-Parkin, pRK5-myc-ParkinThr240Arg, pRK5-myc-Parkin-
Thr415Asn, and pRK5-myc-ParkinThr240ArgyThr415Asn plasmids using Lipo-
fectamine. 24 h after transfection, cells were washed and incubated with
methionine-free medium for 1 h. The cells were pulsed-chased with 100 mCi of
[35S]methionine and were harvested at the indicated times for immunopre-
cipitation with anti-myc antibody. The immunoprecipitates were resolved on
a 10% SDSyPAGE gel and visualized and quantitated with a phosphoimager.
This experiment was replicated with similar results.
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tion, we analyzed CDCrel-1 turnover in the presence or absence
of Parkin or familial-linked Parkin mutants by pulse–chase
experiments. CDCrel-1 levels are significantly reduced at all of
the time points during the chase process in the presence of
Parkin (Fig. 4D). The familial-linked mutations Thr415Asn and
Gln311Stop do not significantly affect CDCrel-1 turnover (Fig.
4E). Taken together, these data suggest that CDCrel-1 is a target
of Parkin and that Parkin regulates CDCrel-1 turnover.

Discussion
Our findings indicate that Parkin is a ring-finger containing E2-
dependent E3 ubiquitin–protein ligase. Parkin preferentially inter-
acts with the E2, UbcH8, through its C-terminal R2 ring-finger
domain. Parkin ubiquitinates itself in an E2-dependent manner
leading to its own degradation. Furthermore, Parkin interacts with,
ubiquitinates, and regulates the turnover of the synaptic vesicle-
associated protein, CDCrel-1. Familial-linked and ring-finger-
containing cysteine mutations, particularly within the R2 ring-
finger domain, disrupt the interaction of Parkin with UbcH8 and
impair the ability of Parkin self-ubiquitination and retard Parkin-
mediated degradation of itself and CDCrel-1. Thus, Parkin joins a
growing family of ring-finger-containing proteins that function as
E3 ubiquitin–protein ligases (23–26), and disruption of the E3
ubiquitin-protein ligase activity of Parkin is likely to be the cause of
autosomal recessive PD.

While this work was in preparation, Shimura and colleagues
reported that Parkin functions as a ubiquitin–protein ligase by
preferentially binding to the E2, UbcH7, as well as UbcH8,
although to a lesser degree (34). In contrast, we show that Parkin
preferentially binds UbcH8. The difference in Parkin’s E2
binding preference between the two studies may be related to
methodologic differences. Because our in vitro ubiquitination
assays indicate that UbcH7 can support Parkin-mediated ubiq-
uitination (see Fig. 3), it is likely that Parkin interacts with both
E2s, and the cellular and methodologic context may determine
Parkin’s preference for UbcH7, UbcH8, or as yet to be identified
E2s. As UbcH8 is abundantly expressed in the central nervous
system (31), whereas UbcH7 has barely detectable levels (35), we
believe that UbcH8 plays a more prominent role in the function
of Parkin in the central nervous system.

CDCrel-1 is a member of the septin family, comprising
GTPases required for the completion of cytokinesis in diverse
organisms (36, 37). Members of the septin family of proteins may
function in synaptic vesicle transport, fusion, or recycling events
in the brain. CDCrel-1 is predominantly expressed in the nervous
system and is associated with membrane fractions (33). A
significant fraction of the protein copurifies and coprecipitates
with synaptic vesicles. CDCrel-1 directly binds to syntaxin via the
SNARE interaction domain. Transfection of HIT-T15 cells with
wild-type CDCrel-1 inhibits secretion, whereas GTPase domi-
nant-negative mutants enhance secretion; thus, CDCrel-1 may
regulate synaptic vesicle dynamics through interactions with
syntaxin (33). Whether CDCrel-1 regulates dopamine release
awaits further clarification, but failure of CDCrel-1 to be de-
graded by familial-linked Parkin mutations could increase the
steady-state level of CDCrel-1 and thus potentially inhibit do-
pamine release and contribute to a Parkinsonian state. The
mechanism underlying the degradation and turnover of synaptic
vesicle-associated proteins has not been clarified, despite the
identification of ubiquitin in the postsynaptic density and syn-
aptic terminals (38–40). However, it is likely that Parkin or other
nervous system-enriched E3s may play a prominent role in
regulation of synaptic vesicle-associated protein levels. It is also
not clear whether alterations in the turnover of CDCrel-1
contribute to the degeneration of dopamine neurons. However,
three other members of the human septin family, Nedd5, H5, and
Diff6, were identified in neurofibrillary tangles, neuropil
threads, and dystrophic neurites in senile plaques in brains
affected by Alzheimer’s disease (41). These findings and our data
suggest that septins, such as CDCrel-1, could be involved in
neurodegeneration.

The E3 ubiquitin–protein ligase function of Parkin is likely to
play a prominent role in maintaining ‘‘normal’’ dopaminergic
function as patient mutations in Parkin that cause familial-linked
PD disrupt the ubiquitin–protein ligase function of Parkin.
Parkin seems to function as an adapter between the E2, UbcH8,

Fig. 4. Parkin interacts with, ubiquitinates and promotes the degradation of
CDCrel-1. (A) Lysates prepared from HEK 293 cells transfected with pRK5-HA-
CDCrel-1 and pRK5-myc-Parkin constructs were subjected to immunoprecipi-
tation (IP) with anti-myc antibody followed by anti-HA immunoblotting. This
experiment was replicated three times with similar results. (B) The ring-finger
domains of Parkin interact with CDCrel-1. Lysates prepared from HEK 293 cells
transfected with pRK5-HA-CDCrel-1 and myc-tagged Parkin domain con-
structs were subjected to immunoprecipitation (IP) with anti-myc antibody
followed by anti-HA immunoblotting. This experiment was replicated three
times with similar results. (C) Parkin ubiquitinates CDCrel-1. HEK 293 cells were
transfected with pRK5-Myc-CDCrel-1, pMT123-HA-ubiquitin and pCMV-
Parkin or control plasmid. Cells were then treated with 1 or 2 mM clasto-
Lactacystin b-lactone for indicated times. Lysates were prepared from these
cells and subjected to immunoprecipitation (IP) with anti-myc antibody fol-
lowed by anti-HA immunoblotting. This experiment was replicated with
similar results. (D) Parkin promotes the degradation of CDCrel-1. HEK 293 cells
were transfected pRK5-myc-CDCrel-1 and pRK5-myc-Parkin or empty vector.
24 h after transfection, cells were washed and incubated with methionine-
free medium for 1 h. The cells were pulsed-chased with 100 mCi of [35S]me-
thionine and were harvested at the indicated times for immunoprecipitation
with anti-myc antibody. The immunoprecipitates were resolved on a 10%
SDSyPAGE gel and visualized and quantitated with a phosphoimager. This
experiment was replicated with similar results. (E) Familial-linked Parkin mu-
tants fail to degrade CDCrel-1. The same experimental paradigm as described
in Fig. 4D were performed with the familial-linked Parkin mutant pRK5-myc-
Parkin-Thr415Asn or pRK5-myc-ParkinGln311 and compared with wild-type
Parkin. This experiment was replicated with similar results.
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and its target CDCrel-1. The disruption of Parkin’s ability to
ubiquitinate and target proteins for degradation could have
profound effects on normal central nervous system physiology.
Whether the inability to degrade CDCrel-1 is important in the
pathogenesis of autosomal recessive PD awaits further study. It
is likely that Parkin interacts with other yet to be identified
substrate proteins, which may be important in the pathogenesis
of PD. PD is characterized pathologically by the presence of
cytoplasmic proteinaceous inclusions (Lewy bodies), which stain
abundantly with ubiquitin (42). Patients with mutations in
Parkin do not have Lewy bodies (43–45). Our observations that
Parkin functions in the ubiquitin proteasome degradation path-
way coupled with the postmortem observations suggest that
Parkin function might contribute to the formation of Lewy

bodies and that Lewy body formation may not be required for the
development of PD. Further study of Parkin’s role in the
development of Parkinson’s disease pathology, especially Par-
kin’s interaction with proteins in the Lewy body and Parkin’s role
in Lewy body formation, will greatly enhance our knowledge and
understanding of the pathophysiology of PD.
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