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Many parasites accomplish a persistent infection by antigenic variation, like African trypanosomes which elude
the host immune response by changing the Variant Surface Glycoprotein (VSG) coat. However, only one VSG is
transcribed at the time, so that each trypanosome displays a single VSG type on the surface. Once active, the
transcriptionis maintained epigenetically over many generations. Thus, VSG regulation represents a genuine
example of mono-allelic expression. This arises the question of how a cell accomplishes the expression of only
one VSG-ES out of many loci that share homologous sequences at the promoter region. Previously, it was
proposed a model whereby the recruitment of a single VSG-ES telomeric locus to a discrete nuclear body (ESB)
underlies the mechanism responsible for VSG mono-allelic expression (Navarro & Gull, Nature. 2001).

The parasite life cycle alternates between the mammalian host and the tsetse fly vector. In the insect stage of
the parasite no VSG is expressed, and an invariant glycoprotein named procyclin, covers its surface. Thus, in
addition of the transcriptional switching regulation in the bloodstream form, VSG expression is developmentally
down regulated in the insect stage.We favor a model whereby a coupled mechanism (Navarro & Cross, EMBO J.
1991) dependent on the recruitment of the VSG-ES to the ESB nuclear body (Navarro & Gull, Nature. 2001)
operates for antigenic variation, whist a developmental transcriptional silencing for all the VSG-ES telomeric
locifunctions in the insect stage (Landeira & Navarro, J. Cel. Biol. 2007).



Nuclear architecture underlying VSG transcriptional regulation

Our analysis of antigenic variation focuses on understanding the influence of chromosomal spatial repositioning
on epigenetic transcriptional regulation. We accomplish this by using in vivo GFP tagging of chromosomes (see
movie) together with functional analysis of genes by RNAi and high-resolution microscope for subcellular location
of proteins in the nucleus. Whilst the active Variant Surface Glycoprotein-Expression Site(VSG-ES) telomereis
localized to the ES nuclear Body (ESB) (Navarro and Gull, Nature (cover). 2001), inactive VSG-ESs and the
constitutively expressed Procyclin locus are excluded, suggesting VSG-ES association with the single ESB is a
distinct feature of mono-allelic expression (Landeira and Navarro, J. Cel. Biol.2007). Upon differentiation to the
insect stage where no VSGs are expressed, the nuclear body ESB is no longer detected and the VSG-ES
relocates to the nuclear envelope as silencing mechanism (Landeira and Navarro, J. Cel. Biol.2007). Functional
analysis of the nuclear envelope protein NUP1 further reinforced the nuclear architecture model for VSG-ES
regulation (Dubois et al., PLoS Biol.2012).

Current results convincingly support the ES body/VSG-ES unique interaction model for mono-allelic expression,
providing insights into the epigenetic inheritance mediated by nuclear architecture (Landeira et al., J. Cel.
Biol.2009). We have found that the Cohesin complex is important in maintainingVSG-ES activity, as the
knockdown of Cohesin led to the premature separation of the VSG-ES sister chromatids off the nuclear body
ESB, triggering transcriptional switching (Landeira et al., J. Cel. Biol.2009). Altogether, our data support a model
on how trypanosomes achieve developmental expression of surface proteins by nuclear repositioning
mechanisms and antigenic switching by exchanging interaction with a unique nuclear body(reviewed in, Navarro
et al., Trends in Microbiology. 2007).



In searching for VSG-specific transcription factors, we found that in vivotranscription of the VSG by RNA pol |
requires RPB7, a subunit/cofactor previously thought to be exclusive for RNA pol Il transcription (Penate et al.,
EMBO Rep.2009). Most recently, we have identified a highly SUMOylated focus (HSF) as a novel nuclear
assemblage that contained the nuclear body ESB and the VSG-ES locus. In addition, we showed that chromatin
SUMOylation is a distinct feature of the active VSG-ES locus by ChIP experiments. SUMOylation of chromatin-
associated proteins is required for the active transcriptional state of the VSG-ES and essential for efficient
recruitment of RNA pol | to the VSG-ES promoter. The mechanism employs a SIZ/PIAS SUMO E3 ligase
(identified as a TbRPB7-interacting protein) responsible for the VSG-ES chromatin SUMOylation.In contrast to
the wealth of published literature focused on VSG silencing, our results indicate a positive mechanism via
SUMOylation to regulate VSG transcription. Contrary to other eukaryotes, protein SUMOylation is linked to active
gene expression in this protozoan parasite that diverged early in evolution(Lopez-Farfan et al., PLoS
Pathogens. 2014).

Developmental regulation of VSG expression by TOR signaling

In addition of antigenic variation, the ongoing research topic in our group include the characterization of protein-
kinase signaling pathways for VSG expression. We found that TOR kinase activity regulates RNA pol | activity,
as TOR-depleted cells revealed a clear modification of nuclear RNA pol | localization(Barquilla et al., PNAS.
2008; Barquilla et al., PNAS. 2012).Firstly, we have described the functions of the protein kinases family "Target
Of Rapamycin™ (TOR) in African trypanosomes. TOR kinase activities are essential in this parasite and are
intimately linked to cell proliferation (Barquilla, et al., PNAS. 2008). Like other unicellular eukaryotes,
Trypanosoma brucei contains two TOR kinases, TbTOR1 and TbTORZ2, in two functionally and structurally



distinct complexes TbTORC1 and TbTORC2 that controls cell growth and proliferation by conserved pathways
(Barquilla & Navarro, Autophagy, 2009; Barquilla and Navarro, Cell Cycle. 2009). However, an additional TOR
kinase is encoded in the T. brucei genome. TbTOR4 acts as a molecular switch that governs the bloodstream
proliferative to the quiescent form differentiation process, serving as a regulator of the balance between cell
proliferation and quiescence processes (Barquilla et al., PNAS. 2012), reviewed in (Saldivia et al., Bioch Soc
Transactions2013).

Furthermore, our results indicate that the TbTOR family comprises valuable novel target for Human African
Trypanosomiasis (HAT) therapeutic intervention. Importantly, through an international collaboration we have
identified mTOR/PI3K inhibitors that display exceptional activities against HAT subspecies Trypanosoma brucei
gambiense y rhodesiense (Diaz-Gonzalez et al., PLoS Negleted. 2011; Seixas et al.,J Med Chem. 2014). This
has led to the 50,000 compound high-throughput screen of protein kinase inhibitors in collaboration with GSK
(Diaz-Gonzalez et al., PLoS Negleted.2014)



