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BACKGROUND TO THE PROJECT  

The Wnt/beta-catenin signalling network is highly conserved and controls important events in embryonic 

development as well as tissue homeostasis throughout life1. The magnitude of Wnt/beta-catenin signalling is 
determined by the levels and activity of the transcriptional coactivator beta-catenin which also, in its second 
prominent role, mediates cell-cell adhesion, in this case acting at the plasma membrane. The levels of 
transcriptionally active beta-catenin are constantly being limited through the action of the beta-catenin destruction 
complex, a multi-protein complex that captures beta-catenin and then sequentially phosphorylates and 

ubiquitinates it to target it for proteasomal degradation (Figure 1A)2. Dysregulation of the destruction complex by 

mutations underlies the vast majority of colorectal cancers3. Two scaffolding proteins, AXIN1/2 (axis inhibition 

proteins 1/2, collectively referred to as AXIN) and APC (adenomatous polyposis coli), assemble the destruction 
complex, co-recruiting beta-catenin and the kinases CK1 (casein kinase 1) and GSK3 (glycogen synthase kinase 3). 
The complex is also associated with an E3 ubiquitin ligase complex in which the beta-TRCP subunit recognises 
phosphorylated beta-catenin. 

AXIN is the central scaffolding protein of the destruction complex. It contains two domains, an N-terminal RGS 
(regulator of G-protein signalling) domain and a C-terminal DIX (Dishevelled and AXIN) domain with an extended 
linker connecting the two domains (Figure 1B). The DIX domain forms filamentous polymers by head-to-tail 

polymerisation4, enabling AXIN to achieve sufficiently high local concentrations required for destruction complex 

formation. The RGS domain binds to AXIN-binding motifs in APC. The central linker contains kinase docking sites as 

well as another potential APC interaction site2. 
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AXIN was proposed to undergo conformational switches between a closed and an open conformation, which are 
thought to affect its ability to bind other signalling components, both in the destruction complex and the 

membrane-associated receptor complex that forms upon Wnt stimulation, the so-called Wnt signalosome5,6. AXIN’s 

conformational switching behaviour is thought to be regulated by phosphorylation5,6. We hypothesise that 

conformation may also be controlled by poly(ADP-ribosyl)ation (PARylation) by the PARP enzyme tankyrase (TNKS, 

TNKS2)7. 

The conformational states of AXIN, their regulated transition and the impact the conformations have on interactions 
of AXIN with other signalling components are poorly understood. Moreover, it remains unknown whether 
conformational switching affects the ability of AXIN to polymerise. 

  

 

Figure 1: (A) Schematic representation of the beta-catenin destruction complex. (B) Interactions of AXIN. Binding 

sites for destruction complex components2 and the proposed intramolecular interactions5,6 are indicated. Cartoon 

representations of the AXIN1 RGS domain (PDB code 1DK8)8 and an X-ray crystal-structure-based polymer of the 

Rattus norvegicus Axin1 DIX domain (PDB code 1WSP) are shown. 

PROJECT AIMS  

 Define the conformational states of AXIN using biochemistry, biophysics and X-ray crystallography or cryo-
electron microscopy 

 Elucidate how post-translational modification (phosphorylation, PARylation) controls AXIN conformation 

 Determine whether and how AXIN conformation determines its ability to polymerise 

 Determine how AXIN conformation and polymerisation affect its interactions with other Wnt/beta-catenin 
signalling components 

 Determine the impact of AXIN conformation on Wnt/beta-catenin signalling 

RESEARCH PROPOSAL  

The aim of this project is to understand how post-translational modification of AXIN controls AXIN conformation 
and oligomerisation, and thereby its ability to assemble protein complexes by binding to components of the beta-
catenin destruction complex and the Wnt signalosome. 

The candidate will use an expression system established in our lab to express and purify both AXIN1 and AXIN2, as 
well as all other individual core destruction complex components (APC, CK1, GSK3). AXIN proteins will be generated 
in both their phosphorylated and non-phosphorylated forms, using either limiting amounts of an AXIN1:CK1:GSK3 
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complex or lambda-phosphatase during purification to either phosphorylate or dephosphorylate AXIN, respectively. 
The goal of this first part of the project is to obtain fully phosphorylated or de-phosphorylated AXIN. The 
phosphorylation status will be assessed by SDS-PAGE and mass spectrometry, the latter in collaboration with the 
ICR Proteomics and Metabolomics Core Facility and the Functional Proteomics Team led by Dr Jyoti Choudhary. The 

candidate will also produce oligomerisation-deficient AXIN variants bearing point mutations in the DIX domain4. 

This will be important in assessing intramolecular vs. intermolecular interactions of AXIN at the next stage of the 
project. 

The student will next assess the conformation of non-phosphorylated and phosphorylated AXIN using limited 

proteolysis and crosslinking mass spectrometry (XL-MS)9. The latter will be performed in collaboration with Dr Jyoti 

Choudhary (ICR). Various crosslinkers of different length will be explored, and careful time course experiments 
performed to robustly assess spatial proximity of lysine residues within AXIN. A comparison of oligomerisation-
competent wild-type vs. oligomerisation-deficient mutant AXIN variants will help distinguish between crosslinks 
attributable to either intermolecular or intramolecular interactions of AXIN. The candidate will further analyse the 
oligomerisation status of AXIN using size exclusion chromatography coupled to multi-angle light scattering (SEC-
MALS). This work will establish whether, depending on its phosphorylation status, AXIN adopts distinct 
conformations or alters its oligomeric state. 

The poly(ADP-ribose)polymerase tankyrase poly(ADP-ribosyl)ates (PARylates) AXIN, thereby limiting the assembly 

and/or activity of the -catenin destruction complex and controlling the stability of the Wnt signalosome10. In 

analogy to phosphorylation, AXIN PARylation may also control AXIN conformation. The candidate will use purified 
tankyrase and AXIN to in-vitro PARylate AXIN and perform biochemical and biophysical studies to understand the 
impact of PARylation on AXIN conformation and oligomeric state, as outlined for phosphorylation above. In an 
accompanying project in the lab (funded by Cancer Research UK), we will map the PARylation sites in AXIN. 
Knowledge of phosphorylation and PARylation sites, paired with a careful sequence analysis of AXIN paralogues, 
will enable the student to mutate candidate sites of posttranslational modification, with the aim to generate 
switching-resistant AXIN variants. 

The candidate will next assess how phosphorylation and PARylation affect AXIN’s ability to interact with other 
destruction complex components. This will be achieved by two types of in-vitro interaction assays using purified 
proteins: pulldown assays and SEC-MALS. 

The student will next aim to elucidate the structural basis of the closed conformation of AXIN by X-ray 
crystallography. Limited proteolysis and XL-MS will help identify the determinants of intramolecular contacts that 
define the closed conformation of AXIN, which has been proposed to be mediated by a cis interaction of the DIX 

domain with either the AXIN1 N-terminus5 or a central region6 (Figure 1B). Limited proteolysis and XL-MS will 

further guide crystallisation construct design. Provided diffracting protein crystals can be obtained, the structure 
will be solved by molecular replacement, given that structures of both the RGS and DIX domains are available (Figure 
1B). As both a complementary approach as well as a backup strategy, the candidate will use small-angle X-ray 
scattering (SAXS, at beamline B21, Diamond Synchrotron) and SEC-MALS to structurally assess AXIN conformation. 
The candidate will next use site-directed mutagenesis to either disrupt or stabilise the closed conformation of AXIN. 
Mutagenesis will be based either on direct structural insights from a crystal structure or on phylogenetic analyses 
paired with SAXS and SEC-MALS. Mutant variants of AXIN will be purified and their conformation and 
oligomerisation state characterised as described above. The candidate will next use the mutant variants in the 
outlined in-vitro interaction assays to directly test how AXIN conformation impacts its interactions with other 
Wnt/beta-catenin signalling complex components. 

In the final step of the project, the student will generate mammalian expression constructs of full-length AXIN and 
collaborate with a cell biologist in the team to assess the interactions of AXIN mutant variants with Wnt/beta-
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catenin signalling components in mammalian cells, performing pulldown/co-immunoprecipitation studies from cell 
lysates produced from resting or Wnt-stimulated cells. The immunoprecipitates will be probed for beta-catenin 
destruction complex and Wnt signalosome components. Moreover, the same AXIN mutant variants will be analysed 
for their ability to suppress Wnt/beta-catenin signalling in beta-catenin-responsive transcription reporter assays. 

In summary, the project aims to assess how AXIN conformation is determined by phosphorylation and PARylation, 
and how in turn these post-translational modifications determine interactions of AXIN with other Wnt/beta-catenin 
pathway components to control beta-catenin-dependent transcription. 

 

For general information on activities in our laboratory, please visit: 

www.icr.ac.uk/our-research/researchers-and-teams/sebastian-guettler 

www.sguettlerlab.org 
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1) 

Pre-requisite qualifications of applicants: 

e.g. BSc or equivalent in specific subject area(s) 

BSc Hons in biochemistry, molecular biology or similar (some 
laboratory experience is required), scientific curiosity and a 
keen interest in research 

Intended learning outcomes:  Expert in protein biochemistry 
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Please provide a bullet point list (maximum of 
seven) of the knowledge and skills you expect the 
student to have attained on completion of the 
project. 

 Expert in mechanisms of signal transduction 

 Expert in biophysical techniques for the characterisation 
of proteins and protein-protein interactions 

 Expert in structure determination by X-ray crystallography 

 Knowledge and experience in mass spectrometry 
applications to characterise protein complexes, 
conformation and post-translational modifications 

ADVERTISING DETAILS 

Project suitable for a student with a background 
in: 

 

 Biological Sciences 

 Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

 Computer Science 

 Other (provide details) 

Keywords: 

 

1. PhD biochemistry 

2. protein biochemistry 

3. protein conformation and complexes 

4. X-ray crystallography 

5. structural biology 

6. signal transduction 

 

 

 


