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Abstract

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB)
transcription factor family plays a key role in the regulation of the immune
response and the transcriptional response to infection through transcriptional
activation of genes involved in those processes. The NF-kB response is regulated
in the nucleus by the balance between ubiquitination and deubiquitination
processes. Ubiquitination of the p65 subunit of NF-kB terminates the NF-kB
response by targeting p65 for proteasomal degradation. Nevertheless, the
ubiquitin molecules can be removed from targeted proteins by the action of
deubiquitinating enzymes (DUBs). Ubiquitin-specific protease 7 (USP7) is a
deubiquitinase enzyme from the ubiquitin-specific protease (USP) family which
deubiquitinates p65. Besides p65 deubiquitination, USP7 is involved in a huge
variety of biological processes due to stabilisation or localisation of proteins
involved in those processes. USP7 is a multidomain protein formed by an N-
terminal Meprin and tumour necrosis factor receptor-associated factor homology
(MATH) / tumour necrosis factor receptor-associated factor (TRAF) domain, a
catalytic domain (CD) and five ubiquitin-like domains (UBLs) in the C-terminal
region. p65 recognition by USP7 takes place through the C-terminal region, but
the molecular determinants involved in the interaction are still unknown. New
therapeutic compound design strategies are based on interrupting the
interaction interface between both proteins involved in the interaction.
Therefore, in order to design a specific inhibitor of the deubiquitinase activity of
USP7 on p65 we performed a peptide array and subsequent alanine scan
followed by site directed mutagenesis experiments. We concluded that UBL2 of
USP7 is necessary for the interaction with p65. UBL2 deletion completely
abolishes the interaction and the deubiquitinase activity of USP7 on pé5.
Specificity of this mutant was tested by immunoprecipitation assays with
different USP7 substrates. In silico modelling revealed a putative binding pocket
in USP7 UBL2 that may be targeted to inhibit the interaction with p65. Together
our data suggest that a binding pocket present on UBL2 composed by amino-
acids 627-ARSNGTK-633, 736-EEVKPNLTER-745 and 757-LDELMDGD-764 directs
the interaction with p65, besides UBL2 when deleted inhibits the interaction

with p65 and subsequently its deubiquitination in a substrate specific manner.
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1 General introduction

1.1 Overview

As this study focussed on the regulation of the NF-kB transcription factor family
by the ubiquitin proteasome system (UPS), the introduction of this thesis will
provide a broad overview of the NF-kB transcription factor family and the UPS
components regulating the NF-kB signalling pathway and activity and will
include; i) reviewing the characteristics of NF-kB protein members, ii) describing
the tight regulation of NF-kB activation, iii) exploring the role of the UPS on NF-
KB regulation, and lastly iv) a broad overview of USP7 and its role recognising

and deubiquitinating p65 subunit of NF-kB.

1.2 NF-kB transcription factor family

NF-kB is an evolutionary conserved inducible transcription factor family [1-3].
Despite its discovery as a protein bound to 5’-GGGACTTTCC-3’ DNA sequence in
the intronic enhancer of the B-lymphocyte-specific immunoglobulin K chain [4,
5], it is ubiquitously expressed in all mammalian cell types [1, 2, 6]. A wide
range of stimuli such as inflammatory cytokines (tumour necrosis factor (TNF) a,
interleukin 1 (IL-1)), bacterial products (lipopolysaccharide (LPS), doubled
stranded deoxyribonucleic acid (DNA)) and pro-apoptotic stimuli (ultraviolet (UV)
light, y irradiation and oxygen free radicals) [7-10] lead to the activation of NF-
KB. NF-kB has a fundamental role in a number of biological processes such as
cell survival, proliferation, differentiation and apoptosis [2, 11, 12]; as well as a
key role in the control of immunity by controlling the immune innate and
adaptive responses and immune homeostasis [7, 13, 14]. NF-kB is involved in
those processes through the transcriptional induction of genes involved in them,
e.g. chemokines, cytokines, adhesion molecules [6, 7, 15, 16] (for a more
precise description and list of NF-kB target genes see Boston University NF-kB
transcription factors’ web page, http://www.bu.edu/nf-kb/) (see Figure 1-1).
Due to such wide effects on physiology, its dysregulation is associated with
numerous pathological states including (but not restricted to) cancer,
autoimmune diseases, neurodegeneration and inflammatory diseases [12, 17,
18].


http://www.bu.edu/nf-kb/
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Figure 1-1 Multifaceted roles of NF-kB. NF-kB response is activated upon a wide variety of
stimuli (green boxes) which induces the expression of hundreds of genes involved in different
cellular processes (blue boxes). For a full list see http://www.bu.edu/nf-kb webpage. *PAMP:
Pathogen-associated molecular pattern.

1.2.1 NF-kB members

The NF-kB family is encoded by 5 genes; NFKB1, NFKB2, RELA, RELB and cREL
[15, 19] which code for 7 proteins p105 (precursor protein of p50), p100
(precursor protein of p52), p50, p52, p65 (RelA), RelB and c-Rel [15] that
through the formation of homo- and heterodimers generate 15 NF-kB species
[19, 20]. Each NF-kB protein or subunit carries out specific biological roles
depending on their co-factors and dimer specific affinities for DNA binding
sequences [1, 19]. Once the dimers are formed, they bind to kB sites in
promoters or enhancers of their target genes regulating their transcription by
the recruitment of transcriptional co-activators or transcriptional co-repressors
[21]. NF-kB specifically recognises and binds kB DNA elements with a consensus
sequence as follows 5’-GGGRNYYYCC-3’, where R is an unspecified purine, Y is

an unspecified pyrimidine and N is any nucleotide [22].
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All 5 NF-kB subunits share a 300 amino-acids length N-terminal REL homology
domain (RHD) [1, 15]. The RHD domain is responsible of the dimerisation of NF-
KB subunits, DNA binding, and binding to the inhibitory inhibitor of kB (IkB)
protein family [1, 7, 16, 23]. The C-terminal region of the RHD is composed of a
series of positively charged amino-acids which form a nuclear localisation
sequence (NLS) [1]; while the N-terminal region contains an immunoglobulin like
domain which regulates the DNA binding selectivity for each kB site [23] (see

Figure 1-2).

NF-kB subunits are divided into two groups depending on their ability to activate
transcription. p65, RelB and c-Rel contain a C-terminal transcription activating
domain (TAD) enriched in abundant serines, acidic and hydrophobic amino-acids,
which when mutated reduce or inhibit the transcriptional activity of these
subunits [24]. c-Rel transactivating activity is weaker than p65 activity, but
when there are increased levels of c-Rel, p65 activity is attenuated [1]. RelB,
besides the TAD domain, requires the presence of an N-terminal Leucine Zipper
(LZ) domain for transactivation activity, and only binds the DNA in complex with
p50 or p5