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ABSTRACT
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SCHOOL OF MEDICINE

Doctor of Philosophy

FUNCTIONAL STUDY OF UBIQUITIN C-TERMINAL HYDROLASE- L1 GENE
PROMOTER HAPLOTYPES

by Shane Sanassy

The Ubiquitin Conjugating System (UCS) describes a system in which the 96-amino acid
residue Ubiquitin can be selectively covalently linked to intracellular proteins. This endows
cells with an indispensable level of regulation to determine protein fate in a wide range of
basic cellular events.

The abundant, neuron specific Ubiquitin Carboxyl-Terminal Hydrolase-L1 (UCH-L1) is
intimately involved with the UCS — both in a hydrolase and ligase capacity. Mutations in UCH-
L1 have clearly been associated with various neurodegenerative disorders, including
Alzheimer’s, Huntington’s and particularly Parkinson’s disease.

The main and unique objective of this study was to identify any common Caucasian
sequence variants in UCH-L1's promoter, and to investigate whether they are associated with
neurodegenerative symptoms, and any change in UCH-L1 transcriptional activity.

Seven novel UCH-L1 Single Nucleotide Polymorphisms (SNPs), as well as the C54A
documented coding region polymorphism (Serl8Tyr), were identified using both denaturing
High Performance Liquid Chromatography (dHPLC) and DNA sequencing analysis. In relation
to the translational start site, the novel SNPs elucidated were: A-307G, A-306G, G-234A,
A-24G, C-16T, G12A and G21A. Restriction Fragment Length Polymorphism (RFLP)
genotyping analysis was then employed within Caucasian DNA sample sets of 31 and 480
individuals, to firstly elucidate the common UCH-L1 promoter haplotypes that exist within the
population, and secondly, in an attempt to uncover any association between the polymorphic
alleles and general neurodegenerative symptoms - no association was uncovered.

Using pGEM-T Easy as an initial ‘holding vector’, the three common UCH-L1 promoter
haplotypes elucidated — AAGAC, GAGGT and AGAAC - were incorporated into a modified
pGL3 vector to ascertain transcriptional activity rates. This was done by Luciferase
expression analysis, and the results identified the GAGGT promoter haplotype as having a
significantly increased transcriptional activity in all human cell lines tested.

It is my contention, that the pronounced increase in transcriptional activity elucidated for the
GAGGT UCH-L1 promoter haplotypes, potentially indicates a primary genetic risk factor for
sporadic Parkinson’s disease in the Caucasian population — a novel pathogenic model of
which is proposed in this thesis. The fact that RFLP genotyping analysis uncovered no
association of the promoter polymorphic alleles with more general neurodegenerative
symptoms, indicates the need for further studies to be focused more specifically towards
Parkinson’s disease.
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DOPAC - 3, 4-dihydroxyphenylacetate

DTTP - deoxythymidine triphosphate

DUBs - deubiquitinating enzymes

EDTA - ethylenediaminetetraacetic acid disodium salt
EGFR - epidermal growth factor receptor

ER - endoplasmic reticulum

ESCRT - endosomal sorting complex required for transport
EXO1 - exonuclease 1

FGF - fibroblast growth factor

G - guanine

GABA - y-amino butyric acid

Gad - gracile axonal dystrophic

GRE - glucocorticoid response element

H-Page - horizontal polyacrylamide

HAUSP - herpesvirus-associated ubiquitin-specific protease
Hbp - Hrs-binding protein

HECT - homologous to E6-associated protein c-terminus
HGF - hepatocyte growth factor

HPLC — high performance liquid chromatography

HSTF - heat shock transcription factor

HVA - homovanillic acid

Hz - hertz

Inr - initiator

JAMM - JAB1/ MPN/ Mov34 metalloenzyme

Kb - kilobase



LB - Luria-Bertoni

LD - Linkage Disequilibrium

MADGE - Microplate Array Diagonal Gel Electrophoresis
MBF - metal binding factor

Mda - Megadalton

MDM2 - murine double minute clone 2 oncoprotein
MEF - mouse embryonic fibroblast

MgCl, — magnesium chloride

MJD - Machado-Joseph disease

MPTP - 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
MRI - magnetic resonance imaging

MRNA — messenger ribonucleic acid

mV - millivolts

MVB - multi-vesicular bodies

n — number

ns — not significant

NEB — New England Biolabs

NF-kB - nuclear factor-kappa B

OR - odds ratio

OUT - ovarian tumour

p - probability

Pael-R - parkin-associated endothelin receptor-like receptor
PCNA - proliferating cell nuclear antigen

PCR - polymerase chain reaction

PD — Parkinson’s disease

PDGFR - platelet derived growth factor receptor
PGP - protein gene product

PIRA-PCR - primer-introduced restriction analysis
PSN - perfectly conserved 12bp sequence

RC - regulatory complex



REMSBD - rapid eye movement sleep behaviour disorder
RFLP — Restriction Fragment Length Polymorphism
RING - really interesting new gene

RNA - ribonucleic acid

RTK - receptor tyrosine kinases

S - sense

S.D. — standard deviation

SANS - small-angle neutron scattering

SAP - shrimp alkaline phosphatase

SDEYV - standard deviation

SEM - standard error of mean

SNP - single nucleotide polymorphism

T - thymine

TBP - TATA box binding protein

TE - transformation efficiency

TEMED - N, N, N', N'-Tetramethyl-1-, 2-diaminomethane
TF - transcription factors

TFIID - transcription factor D complex

TH - tyrosine hydroxylase

TIC - transcription initiation complex

UBA - ubiquitin-associated

UBL - ubiquitin-like

UBMC - ubiquitin-7-amido-4-methycoumarin

UBPs - Ubiquitin-Specific Proteases

UCH-L1 - ubiquitin carboxyl-terminal hydrolase-L1
UCH-L2 - ubiquitin carboxyl-terminal hydrolase-L2
UCH-L3 - ubiquitin carboxyl-terminal hydrolase-L3
UCH-L4 - ubiquitin carboxyl-terminal hydrolase-L4
UCH-L5 - ubiquitin carboxyl-terminal hydrolase-L5

UCHs - ubiquitin carboxyl-terminal hydrolases



UCS - ubiquitin-conjugating system

UEYV - ubiquitin E2 variant

UFD2 - ubiquitin fusion degradation model 2
UIM - ubiquitin-interacting motif

UPS — ubiquitin-proteasome system

URE - upstream regulatory elements

USPs - Ubiquitin-Specific Proteases

UTR — untranslated region

UV — ultra violet

VNTRSs - variable number of tandem repeats

Wt — wild type



