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Enterovirus symptoms include fever, hand foot and mouth disease, 
myocarditis, meningitis, encephalitis, and acute flaccid paralysis. Though 
poliovirus has been largely eradicated it still remains a threat, and other 
emerging enteroviruses can cause polio-like symptoms. Previously, 
enterovirus genomes were thought to encode 11 proteins in a single long 
open reading frame (ORF). However, we discovered an additional 
enterovirus protein (UP) encoded in an upstream ORF (Lulla et al., 2019, 
Nature Microbiology). The project will investigate the function of UP using a 
range of techniques in virology and molecular biology, besides state-of-the-
art human intestinal organoid technology, high-throughput sequencing, and 
computational analysis. 
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Enteroviruses have single-stranded RNA genomes of ~7.4 kb. For the last 
5 decades, enteroviruses were thought to encode all of their proteins in a 
single long open reading frame (ORF) that spans most of the genome and 
is translated as a polyprotein which is subsequently processed by virus-
encoded proteases to produce 11 viral proteins. However, we recently 
showed that many enteroviruses encode an additional protein in an 
upstream open reading frame (uORF). Knocking out expression of the 
uORF protein (termed “UP”, Upstream Protein) attenuates virus growth at 
late stages of infection in human intestinal organoids but not in standard 
cell culture systems, suggesting a specific role for UP during establishment 
of infection in gut epithelia in the initial stages of virus invasion into 
susceptible hosts. This work was recently published in Nature Microbiology 
(Lulla et al., 2019, PMID 30478287). 

The discovery of a new protein opens a whole new research direction in 
enterovirus molecular biology and pathogenesis. Understanding the precise 
role(s) of UP in different enterovirus species may also lead to new virus 
control strategies. However, many very important questions remain 
unanswered, such as how the UP protein facilitates release of virus from 
membranous compartments specific to gut epithelial cells, why some 
enteroviruses have UP whereas others do not, UP localization and 
biophysical properties, the role of gut epithelial cell type and origin, how UP 
affects virus-host interactions, and how UP expression is controlled. The 
PhD project will investigate the function of the UP protein and potential 
virus vaccine strategies. 
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