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BACKGROUND TO THE PROJECT  

TFIIIC is a multi-subunit transcription factor essential for RNA Polymerase III transcription, including the entire pool 
of tRNAs (1). Interestingly, TFIIIC is an evolutionary conserved “architectural protein” of the eukaryotic genome, 
colocalizing with CTCF and Condensin complexes, but its mechanistic role in genome topology is not understood 
(2). Furthermore, in mammals, TFIIIC binds to short interspersed elements (SINEs, like Alus and MIR) in a sequence-
specific manner and, as a result ca 15% of the genome is a potential TFIIIC-binding sites. In cancer cells, several extra 
TFIIIC binding sites display high occupancy of TFIIIC, which in turn activates genes essential for proliferation, as 
demonstrated in glioblastoma (3). TFIIIC interacts with n-myc, and is required for n-myc dependent transcriptional 
elongation in neuroblastoma (4). 

Using a bottom-up approach, integrating structural studies with proteomic studies and genome-wide chromosome 
conformation studies, throughout established collaborations, this project will aim at obtaining structural and 
functional snapshots of TFIIIC as a major player of the organization of the human genome in normal and cancer cell 
lines 

 

PROJECT AIMS  

 Structural-functional analysis of human TFIIIC (cryo-EM) 

 Identification of interaction partners of chromatin-bound TFIIIC (proteomics) 

 TFIIIC genomic mapping and chromosome capture analysis (ChIP-seq and Hi-C) 

 

RESEARCH PROPOSAL  



  

  Page 2 of 3 

The three-dimensional organization of the genome, and its transcriptional states has been only recently identified 
as a paramount player in the development and progression of cancer (reviewed in 5,6). In eukaryotes the genetic 
information encoded in the linear polymeric chain of DNA is dynamically organised into multiple organised 
structures, from nucleosomes to chromatin fibres and, finally, to large chromosomal domains localised in specific 
areas within the nucleus. The spatial organization of the eukaryotic genome is not only important to compact the 
genetic information into a small and compartmentalised environment but also facilitates the coordination of several 
essential cellular processes, such as gene transcription, DNA replication, DNA repair and mitosis. 

Recent developments in high-throughput assays capable of inferring the spatial relationships of genomic loci (ie. 
3C-based approaches, such as Hi-C, ChIA-PET, 5C)  have enabled the detection of short- and long-distance chromatin 
contacts, revealing that association of linearly distant genomic loci are not randomly distributed and resulting in 
detailed maps of the 3D spatial organization of the eukaryotic genome (7). Chromosomes are subdivided into well-
defined, globular regions of chromatin, named topologically associated domains (TADs), which establish few long-
distance contacts with other TADs.  

TAD boundaries have been found enriched in tRNA genes and short interspersed element (SINE) retrotransposons4, 
both RNA Polymerase (Pol) III transcriptional units, suggesting that components of the RNA Pol III transcription 
apparatus may have a role in establishing the topological structure of the genome. Accordingly, several studies in 
yeast, Drosophila, mouse and human cells established TFIIIC, an RNA Pol III transcription factor which binds tRNA 
genes and many non-transcribed regions known as extra TFIIIC loci (ETC), as an evolutionary conserved 
"architectural protein" of the eukaryotic genome (8). TFIIIC often colocalizes with the cohesin and condensin 
complexes and with the vertebrate specific CCCTC-binding factor (CTCF), a key architectural protein involved in 
establishing chromatin contacts genome-wide. Furthermore, TFIIIC act as an insulator, blocking long- distance 
enhancer-promoters interactions, and as a heterochromatin-spreading barrier, functions which are conserved from 
yeast to humans. TFIIIC binds DNA, making it the only architectural protein identified in mammals capable of 
recognizing specific DNA sequences together with CTCF. Thus, TFIIIC and CTCF bind specifically to DNA sequences 
scattered throughout the entire genome and coordinate the recruitment and topological loading of scaffolding 
complexes, such as the cohesin and condensins complexes (9). These higher-order architectural macromolecular 
hubs define the boundaries and strength of TADs, as well as facilitating or debilitating intra-TAD contacts which 
impact on gene expression. This process is highly deregulated in cancer cells, giving rise to altered transcriptional 
programs and a general “transcriptional addiction” (6), a mechanism that has been shown to be of paramount 
importance in the development of glioblastoma and neuroblastoma (3, 4). 

During the course of this PhD, the student will have the opportunity to become proficient in all aspects of modern 
cryo-EM, from the production of recombinant complexes in insect cells, purification and assembly of stable protein 
complexes that will be biochemically and structurally characterized through cryo-EM (acces to high end Titan Krios 
available. Furthermore, using a multidisciplinary approach the student will be involved in collaborations aimed at 
defining the interaction partners of human TFIIIC bound at specific chromatin loci and defining the genome-wide 
role of TFIIIC in genome topology (international collaboration with Dr. Roberto Ferrari, CRG Barcelona). 

In summary, the project will capitalise on the state-of-the-art facilities for recombinant protein production and 
structural determination at the ICR and a multidisciplinary approach to unravel the paramount role of human TFIIIC 
in genome organization in health and disease. 
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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) 

Master in Biological Sciences or Chemistry (Biochemistry / 
Molecular Biology) 

Intended learning outcomes: 

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. 

 Recombinant protein production and purification  

 Biochemical and biophysical characterization of 
protein and protein complexes  

 Sample preparation for EM (negative-staining, cryo-), 
Data collection and analisys and structure solution. 

 Structure evaluation and structure-informed 
mutagenesis 

 Immuno-purification from living cells for proteomic 
approaches  

 Preparation of sample for next-generation sequencing 

 Supervised bioinformatics analysis 

 Critical evaluation of data  

 Summarize findings in the form of a manuscript and 
PhD thesis  
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