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Letter to the Editor: NMR structure of ubiquitin-like domain in PARKIN:
Gene product of familial Parkinson’s disease
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Biological context

The gene product, PARKIN, has been identified
as the major cause of autosomal recessive juvenile
parkinsonism (AR-JP) resulting from the mutations
of PARK2 (Kitada et al., 1998). In AR-JP patients,
the loss of dopaminergic neurons and consequently
the development of parkinsonian syndromes can occur
without intracytoplasmic-ubiquitinated inclusion (i.e.,
Lewy body formation) (Mizuno et al., 1998). PARKIN
has been identified as ubiquitin ligase E3, and the mu-
tant PARKINs from AR-JP patients show loss of the
ubiquitin ligase activity (Shimura et al., 2000). The
murine PARKIN is composed of 464 amino acids with
83.2% identity to human Parkin and characterized by
three domains: an N-terminal ubiquitin-like domain
(Uld), and two RING finger-like domains, RING1
and RING2 (Kitada et al., 2000). Thus, PARKIN
is classified into the RING-motif ubiquitin ligase E3
family.

A dozen PARKIN-like proteins possessing ubi-
quitin-like domains (Uld) which mediate a wide range
of cellular functions (Jentsch and Pyrowolakis, 2000).
The three-dimensional structures of the Uld of hPLIC-
2 and hHR23a (Walters et al., 2002), and also of
UBX (Buchberger et al., 2001) have recently been de-
termined, and were found to be very similar to that
of human ubiquitin, although there were substantial
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differences with regard to the potential surface, sug-
gesting that the Uld plays important roles in specific
protein-protein interactions. To elucidate the specific
role of the Uld in PARKIN, we have constructed the
deletion mutant of murine PARKIN that contains Uld
alone, and determined its solution NMR structure. The
structure determined here was found to have a ubiqui-
tin fold, which not only provides functional versatility
of the ubiquitin-like domain but also sheds light on the
origin of parkinsonism.

Methods and results

The recombinant murine Uld was expressed as an
inclusion body in E. coli strain BL21(DE3) grown
in M9 medium using the expression vector pET28b
(Novagen). The sonicated cell lysate was centrifuged
and the precipitate was dissolved in 6 M guani-
dine hydrochloride and sequentially dialyzed against
3-0 M guanidine hydrochloride in 25 mM acetate
buffer at pH 5.0. The protein was purified on an
SP-Sepharose cation exchange column (Amersham
Biosciences), followed by gel filtration chromatog-
raphy on a Superdex-75 column (Amersham Bio-
sciences). All NMR spectra were acquired at 25 ◦C
on a Bruker DMX-500, DRX-600, Varian Inova-
600 or Varian Inova-800 spectrometers. The standard
triple-resonance methodology was employed to ob-
tain sequential backbone and side-chain assignments
for ca. 1 mM sample of 13C /15N- or 15N-uniformly
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Figure 1. Comparison of the amino acid sequence and the secondary structural elements between murine Uld and human ubiquitin.

labeled Uld protein in 25 mM C2H3COONa, 2 mM
dithiothreitol-d10 and 10% 2H2O at pH 5.0. The spec-
tra were processed with NMRPipe (Delaglio et al.,
1995) and analyzed with SPARKY (Goddard and
Kneller). The structure calculations and refinement
were performed with X-PLOR v.3.1 (Brunger, 1992).
The complete backbone assignments were made using
a pair of CBCA(CO)NH and CBCANH experiments,
and verified using a HNCA experiment. The nearly
complete assignments of the side-chain 1H and 13C
resonances were made using H(CCO)NH, HCCH-
TOCSY and C(CO)NH data sets. The 1H, 13C, and
15N chemical shifts were referenced to DSS according
to the IUPAC recommendation (Markley et al., 1998),
and have been deposited in the BioMagResBank (ac-
cession code BMRB-5496).

The analyses of 13C- and 15N-edited NOESY
spectra were performed with in-house automated as-
signment program (Hatanaka et al., 1994) using the
structure of human ubiquitin as distance filter only at
the initial stage. A total of 604 NOEs (303 for in-
traresidue, 129 for sequential, 70 for medium-range
and 102 for long-range) were thus obtained from
the 3D 15N- and 13C-edited NOESY-HSQC spectra
acquired with a mixing time of 75 ms in each ex-
periment. It should be noted that the possible bias
introduced by the initial usage of homology model in
the analysis was small since the model structure used
as an initial distance filter violates as much as 16% of
the final long range NOE restraints by more than 3 Å
(the largest violation is 9.9 Å).

The secondary structure of Uld in PARKIN, as de-
termined by the consensus of the chemical shift index
(Wishart and Sykes, 1994) and the patterns of suc-
cessive dαN and dNN NOE connectivities, comprises
five β-strands (residues 2–9, 15–19, 42–47, 50–54 and
68–76) and two helices (residues 26–35 and 58–62)
(Figure 1). The global fold and the positioning of the
secondary structural elements in Uld are similar to
those of human ubiquitin as shown in Figures 1 and 2.
Constraints for dihedral angles φ and ψ (41 for each)
were obtained using the program TALOS (Cornilescu

Table 1. Geometric statistics for the 10 final structures

R.m.s. deviation from idealized geometry

Angles (◦) 0.81 ± 0.02

Bonds (Å) 0.0049 ± 0.0003

Improper (◦) 0.69 ± 0.05

R.m.s. deviation from distance restraints (Å) 0.067 ± 0.003

R.m.s. deviation from dihedral restraints (◦) 5.56 ± 0.25

R.m.s. deviation from the mean structure (Å)

Backbone atoms (residues 4–73) 0.50 ± 0.10

All heavy atoms (residues 4–73) 0.98 ± 0.13

Ramachandran plot (%)

Most favored region 74.6

Allowed region 22.9

Disallowed region 2.5

et al., 1999), and 30 hydrogen bonds were identified
from 1H/2H exchange experiments. Using these con-
straints including 604 NOEs, simulated anealing and
distance geometry calculations were performed. The
statistics on the 10 conformers used to characterize
the NMR structure are summarized in Table 1, and the
superimposed backbone structures of Uld are shown
in Figure 2a. As a whole, the NMR-derived structures
of Uld are well-defined with a backbone rmsd-value
of 0.50 Å for residues 4–73. The atomic coordinates
have been deposited in the Protein Data Bank (PDB
ID code 1mg8).

Discussion and conclusions

As shown in the ribbon model in Figure 2a, Uld pos-
sesses a ββαββαβ secondary structure and the strands
are arranged into a mixed five-stranded β-sheet in
order 21534. The longer helix-1 packs across the con-
cave sheet at angle about 50o to the three strands,
β-1, β-3 and β-5. The second helix is situated in the
loop between strands 4 and 5. The overall structure
of Uld is strikingly similar to that of human ubiqui-
tin (Vijay-Kumar et al., 1987) with 1.38 Å r.m.s.d.
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Figure 2. The solution structure of Uld and comparison with the crystallographic structure of human ubiquitin (PDB ID code 1UBQ). (a)
Superimposed backbone atoms for 10 structures of Uld (left) and a ribbon diagram of the minimized average structure of Uld (right) in the
same orientation. Residues 4–73 were used for the superposition. (b) Ribbon diagrams for Uld (left) and human ubiquitin (right). Structures
are drawn using the program MOLMOL (Koradi et al., 1996). (c) Surface distribution of hydrophobic and aromatic residues for Uld (left) and
human ubiquitin (right) are presented in the same orientation as (b). Hydrophobic and aromatic residues are colored blue, and the other residues
are colored white. (d) Electrostatic potential surfaces of Uld (left) and human ubiquitin (right). The views represent 180◦ rotation of ribbon
diagrams in (b). The program GRASP was used for construction of these figures (Nicholls et al., 1991).

for backbone atoms of residues 4–73 between two
structures (Figure 2b).

A closer examination, however, reveals some sig-
nificant differences in surface properties between two
proteins. The hydrophobicity between Uld and human
ubiquitin is compared in Figure 2c. A hydropho-
bic patch comprising residues I4, V5, F6, V7, F9,
Y13, F15, P16 and V17, most of which are not
present in human ubiquitin, is a characteristic feature
of Uld. This hydrophobic patch is positioned in the
region of strand-1 and strand-2 (see Figure 2c). The
presence of this unique and prominent hydrophobic
surface of Uld could account for noticeable instabil-
ity in solution, and explain its tendency to aggregate
within 10–14 days under the present solvent condi-
tion. Meanwhile, the electrostatic surface potential
also reveals significantly different patterns between
Uld and human ubiquitin. As can be seen in Fig-
ure 2d, a conspicuous cluster of negatively charged
residues located at the lower bottom of Uld molecule

is absent in human ubiquitin. This cluster is com-
prised from residues D62 and E64 corresponding to
residues N60 and N62 in human ubiquitin which are
both neutral residues. The rest of charge distributions
is relatively similar between two proteins except the
positively charged C-terminal region in Uld. In human
ubiquitin, the C-terminal region ends with two glycine
residues which contributes to polyubiquitination site,
where these residues are absent in Uld. The arginine-
rich motif at the C-terminus of Uld might be involved
in the interaction with other protein/domain, playing a
unique role in PARKIN. One possible such protein is
O-glycosylated α-synuclein since it has been reported
that only glycosylated α-synuclein was able to bind
with Uld (Shimura et al., 2001).

Three human Parkin mutants, K29N, R44P and
V58E, identified from AR-JP patients possess point
mutations in the region of Uld domain (Hedrich et al.,
2002; Hoenicka et al., 2002). It is worth noting that
these three residues are conserved in human ubiqui-
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tin as well as in murine PARKIN. Interestingly one
charge is decreased in each mutant, which may cause
serious changes in interaction with other residues. The
residue K29 is involved in α-helix, and the close con-
tact is observed between K29 and A40. As the length
of the side chain is decreased by this mutation, the
changes in the molecular packing as well as the charge
distribution could have serious effects on molecular
stability. The residue R44 is positioned in the middle
of strand-3, and its amide proton forms a hydrogen
bond with the backbone carbonyl oxygen of V72 in the
opposite antiparallel strand-5 as identified through the
analysis of hydrogen/deuterium exchange experiment
and two interstrand NOEs between R44 HN-V72 HN,
and R44 HN-Q73 Hα. The mutation of arginine 44 to
proline in Uld obviously destabilized the formation of
β-sheet due to the lack of an amide proton in proline
residue, leading to the elimination of one hydrogen
bond. The residue V58 is located at the beginning of
the short 310 helix. The mutation of valine to glutamate
can greatly alter the hydrophobic packing resulting in
the destabilization of the overall conformation. In ad-
dition, two of the three conserved residues naturally
mutated in human PARKIN, K29 and R44, are iden-
tical in human ubiquitin (K27 and R42). The other
residue, V58, is a leucine (L56) in human ubiquitin,
according to the alignment shown in Figure 1. It has
been reported that K27 and L56 in human ubiquitin
participate in hydrophobic core packing which gov-
erns overall stability of the protein (Lazar et al., 1997).
Therefore, it is reasonable to presume that these muta-
tions have a significant impact on the stability of Uld.
And the destabilization of this domain by these muta-
tions might lead to the elimination of ubiquitin ligase
activity in the mutant proteins identified from AR-JP
patients. We are currently further investigating these
mutational effects.

In conclusion, the ubiquitin-like domain of murine
PARKIN has a common motif of a ubiquitin fold, but
considerably differs in its surface properties from hu-
man ubiquitin. This result implies that murine Uld
is functionally different from human ubiquitin, per-
haps serving as recognition domain for certain target
proteins.
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