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Abstract Ubiquitin carboxy-terminal hydrolase L1

(UCH-L1), also known as PGP9.5, is a protein of 223

amino acids. Although it was originally characterized as a

deubiquitinating enzyme, recent studies indicate that it also

functions as a ubiquitin (Ub) ligase and a mono-Ub stabi-

lizer. It is highly abundant in brain, constituting up to 2%

of total brain proteins. Down-regulation and extensive

oxidative modification of UCH-L1 have been observed in

the brains of Alzheimer’s disease (AD) and Parkinson’s

disease (PD) patients. Mutations in the UCH-L1 gene have

been reported to be linked to Parkinson’s disease, in par-

ticular, the I93 M variant is associated with a higher sus-

ceptibility of PD in contrast to a higher protection against

PD for the S18Y variant. Hence, the structure of UCH-L1

and the underlying effects of disease associated mutations

on the structure and function of UCH-L1 are of consider-

able interest. Here, we report the NMR spectral assign-

ments of the S18Y human UCH-L1 mutant with the aim to

obtain better understanding about the risk of Parkinson’s

disease against structural and dynamical changes induced

by this mutation on UCH-L1.
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Biological context

The mechanism of protein metabolism in living cells through

the proteasome system, ubiquitination, and deubiquitination

is an important biological process. In particular, deubiqui-

tination is considered essential for negative regulation of

proteolysis and for recycling of ubiquitin from polyubiquitin

chains. Ubiquitin C-terminal hydrolase (UCH-L1), a multi-

functional 24.8 kDa protein, is one of the most abundant

proteins in the brain (1–2% of the total soluble protein)

(Wilkinson et al. 1989). Mutations in the UCH-L1 gene have

been reported to be linked to susceptibility to and protection

from Parkinson’s disease (PD) (Leroy et al. 1998; Maraga-

nore et al. 1999). Furthermore, abnormal overexpression of

UCH-L1 has been shown to correlate with several forms of

cancer (Hibi et al. 1998). The I93 M UCH-L1 mutant linked

to higher susceptibility to PD was found to cause the accu-

mulation of a-synuclein in cultured cells, which is an effect

that cannot be explained by its originally recognized de-

ubiquitinating hydrolase activity. Subsequently, UCH-L1

was shown to exhibit an unexpected concentration depen-

dent ubiquitin ligase activity (Liu et al. 2002) and a mono-

ubiquitin stabilizer activity (Osaka et al. 2003). On the

contrary, a polymorphic variant of UCH-L1, S18Y, that is

associated with decreased PD risk has been shown to have a

reduced ligase activity but comparable hydrolase activity as

the wild-type enzyme. Thus, the ligase activity as well as the

hydrolase activity of UCH-L1 may play a role in proteasomal

protein degradation in the brain, which is a critical process

for neuronal health.
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The amino acid sequence of UCH-L1 is similar to that

of other ubiquitin C-terminal hydrolases, including the

ubiquitously expressed UCH-L3, which shares the con-

served catalytic residues and 51% sequence identity with

UCH-L1. But UCH-L3 appears to be unconnected to

neurodegenerative disease. Therefore, the structure of

UCH-L1 and the effects of disease associated mutations on

the structure and function of UCH-L1 are of considerable

interest and importance. Indeed, a recent small-angle

neutron scattering study indicated that the I93 M mutation

promotes ellipsoidal deformation by a decrease of the b-

turn contents whereas the S18Y mutation recovers the

globularity of the protein by an increase of b-turns (Naito

et al. 2006). As a first step to provide detailed structural

information on molecular level and enable greater under-

standing of how the structure of these UCH-L1 mutants
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Fig. 1 1H–15N HSQC spectrum

acquired at 298 K on a Bruker

Avance 600 MHz spectrometer

showing the assignments for

UCH-L1-S18Y. The backbone
1H–15N correlations are

sequence-specifically labeled

and the Asn and Gln side-chain

NH2 peaks are linked by

horizontal solid lines. The

central region of the spectrum

a is expanded and shown in

b for clarity
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relates to the etiology of PD, we present here the backbone

and side chain assignments of the S18Y human UCH-L1

mutant.

Methods and experiments

Cloning, expression, and purification

Full-length UCH-L1 was cloned into a pET-22b vector by

using standard cloning protocols. The resulting C-terminal

(His)6-tagged protein was expressed in Escherichia coli

strain BL21(DE3) (Novagen) using M9 minimal media

supplemented with 2.0 g/l [U-13C] glucose and 1.0 g/l
15NH4Cl (Cambridge Isotopes Laboratory) as the sole

nitrogen and carbon sources. Bacterial cultures were grown

at 37�C to an optical density of 0.6–0.7. After 0.2 mM

IPTG induction at 22�C for 16 h, the protein was then

purified with a nickel-nitrilotriacetic acid column (Qiagen)

following the manufacturer’s recommendations. The pro-

tein was further purified by size exclusion chromatography

on a HiLoad 16/60 Superdex 75 prep grade column

(Amersham Pharmacia). The purity of the (His)6-tagged

protein was estimated to be over 95% by SDS–PAGE.

NMR experiments

The samples were prepared in a buffer containing 20 mM

sodium phosphate, pH 6.5; 100 mM NaCl; 2 mM DTT and

1 mM PMSF in 90% H2O/10% D2O. All NMR experiments

were conducted at 298 K on a Bruker Advance 600 MHz

NMR spectrometer equipped with a TCI cryoprobe. A 2D

{15N,1H}-HSQC and a series of triple resonance experi-

ments including 3D HNCACB, 3D CBCA(CO)NH,

3D HNCO, 3D HNCACO, 3D HNCA, 3D HNCOCA, 3D

HBHA(CO)NH as well as 3D HCCH-TOCSY and 3D

HCCH-COSY experiments have been carried out to allow

sequence specific backbone and side-chains resonance

assignments of the protein. Trimethylsilyl propanoate (TSP)

was used as a chemical shift reference for 1H while 13C

and 15N chemical shifts were referenced indirectly, using

the gyromagnetic ratios of 15N, 13C and 1H (15N/1H =

0.101329118, 13C/1H = 0.251449530). All NMR spectra

were processed using XWINNMR software (Bruker

GmbH). The chemical shifts of backbone and side-chain

resonances were assigned manually using SPARKY pro-

gram (Goddard and Kneller 1993).

Assignments and data deposition

A 2D 1H-15N HSQC spectrum of UCH-L1-S18Y, with

assignment indicated, is shown in Fig. 1. The peaks

observed in this spectrum is well-dispersed, indicating that

the protein is well structured. All expected backbone
1H-15N correlations have been assigned, with the exception

of Q84 and F162. The hexa-His tag at the C-terminus is

also unassigned due to considerable signal overlap. In total,

90.5% of all protons and 84.5% of all aliphatic carbons

have been assigned. All 1H, 15N and 13C backbone and

side-chain chemical shift assignments have been deposited

at the BMRB (http://www.bmrb.wisc.edu) and can be

accessed under the accession number 17260. Analysis of

the 1Ha,
13Ca, 13Cb and 13C’ chemical shift using Chemical

Shift Index (Wishart and Sykes 1994) is summarized in

Fig. 2. The predicted secondary structure of UCH-L1-

S18Y is largely consistent with that found in the crystal

structure of wild type UCH-L1 (Das et al. 2006).

Acknowledgments This work was supported by the Research

Grants Council of Hong Kong (GRF 7755/08 M, 7765/09 M)

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.

References

Das C, Hoang QQ, Kreinbring CA, Luchansky SJ, Meray RK, Ray

SS, Lansbury PT, Ringe D, Petsko GA (2006) Structural basis

for conformational plasticity of the Parkinson’s disease-associ-

ated ubiquitin hydrolase UCH-L1. Proc Natl Acad Sci USA

103:4675–4680

Goddard TD, Kneller DG (1993) SPARKY 3. University of

California, San Francisco

Hibi K, Liu Q, Beaudry GA et al (1998) Serial analysis of gene

expression in non-small cell lung cancer. Cancer Res

58:5690–5694

Leroy E, Boyer R, Auburger G, Leube B, Ulm G, Mezey E et al

(1998) The ubiquitin pathway in Parkinson’s disease. Nature

395:451–452

Liu Y, Fallon L, Lashuel HA, Liu Z, Lansbury PT Jr (2002) The

UCH-L1 gene encodes two opposing enzymatic activities that

10 20 30 40 50 60
MQLKPMEINPEMLNKVLYRLGVAGQWRFVDVLGLEEESLGSVPAPACALLLLFPLTAQHE 

70 80 90 100 110 120
NFRKKQIEELKGQEVSPKVYFMKQTIGNSCGTIGLIHAVANNQDKLGFEDGSVLKQFLSE 

130 140 150 160 170 180
TEKMSPEDRAKCFEKNEAIQAAHDAVAQEGQCRVDDKVNFHFILFNNVDGHLYELDGRMP 

190 200 210 220
FPVNHGASSEDTLLKDAAKVCREFTEREQGEVRFSAVALCKAA

Fig. 2 Secondary structure prediction of UCH-L1-S18Y. Indicated

underneath the amino acid sequence of UCH-L1-S18Y are the carton

representation of the positions of the sheets and helical regions

observed in the crystal structure of wild type UCH-L1 (blue) and the

secondary structure prediction of UCH-L1-S18Y by CSI (red).

Arrows represent the helices and waves the sheets

Backbone and side-chain 1H, 15N and 13C 167

123

http://www.bmrb.wisc.edu


affect alpha-synuclein degradation and Parkinson’s disease

susceptibility. Cell 111:209–18

Maraganore DM, Farrer MJ, Hardy JA, McDonnell SK, Lincoln SJ,

Rocca WA (1999) Case-control study of the ubiquitin carboxy-

terminal hydrolase L1 gene in Parkinson’s disease. Neurology

53:1858–1860

Naito S, Mochizuki H, Yasuda T et al (2006) Characterization of

multimetric variants of ubiquitin carboxyl-terminal hydrolase L1

in water by small-angle neutron scattering. Biochem Biophys

Res Commun 339:717–725

Osaka H, Wang YL, Takada K et al (2003) Ubiquitin carboxy-

terminal hydrolase L1 binds to and stabilizes monoubiquitin in

neuron. Hum Mol Genet 12:1945–1958

Wilkinson KD, Lee KM, Deshpande S, Duerksen-Hughes P, Boss JM,

Pohl J (1989) The neuron-specific protein PGP 9.5 is a ubiquitin

carboxyl-terminal hydrolase. Science 246:670–673

Wishart DS, Sykes BD (1994) The13C chemical-shift index: a simple

method for the identification of protein secondary structure using

13C chemical-shift data. J Biomol NMR 4:171–180

168 H.-S. Tse et al.

123


	Backbone and side-chain 1H, 15N and 13C resonance assignments of S18Y mutant of ubiquitin carboxy-terminal hydrolase L1
	Abstract
	Biological context
	Methods and experiments
	Cloning, expression, and purification
	NMR experiments
	Assignments and data deposition

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


