
Abstract 
RNA interference (RNAi) pathways regulate gene expression in almost 
all eukaryotes in a sequence-specific manner that depends on 
complementarity between a small RNA and an mRNA target. In order to 
effect target silencing, small RNAs are loaded onto Argonautes that can 
silence their targets post-transcriptionally in the cytoplasm, or 
transcriptionally in the nucleus in a process called nuclear RNAi. Nuclear 
RNAi pathways play important roles in organismal development, 
defense against viruses and transposable elements, and chromosomal 
organization. Nuclear RNAi links small RNA pathways with chromatin 
modifications that can, in some cases, be passed on to the next 
generation. In C. elegans for example, nuclear RNAi triggers 
heterochromatic histone methylation that can be inherited for many 
generations. While many of the major genes involved in the pathway 
are known, it remains unclear how Argonautes and the nuclear RNAi 
machinery are regulated and how they recruit chromatin-modifying 
proteins. Through a combination of genetic and biochemical assays, the 
research presented in this thesis outlines specific mechanisms through 
which nuclear RNAi in C. elegans is regulated and demonstrates physical 
links between proteins that provide clarity on how silencing is achieved. 
We identified a novel family of nuclear Argonaute binding proteins (the 
ENRIs) and demonstrated the mechanism by which they control the 
strength and target specificity of nuclear RNAi. ENRI-1/2 prevent 
misloading of the nuclear Argonaute NRDE-3 with aberrant small RNAs, 
and in doing so prevent the premature nuclear localization of NRDE-3 in 
early embryos. Loss of ENRI-3 impairs inheritance of RNAi phenotypes 
and leads to misregulation of small RNAs. In addition, we showed that 
post- translational modifications of ENRI-2 affect many aspects of its 
function. Phosphorylation of ENRI-2 impairs nuclear RNAi and alters its 
localization. Finally, we showed how the nuclear RNAi machinery 
assembles in the nucleus and demonstrated physical links between 
some of these proteins for the first time. We found that two of these 
proteins, NRDE-1 and NRDE-4, form a stable complex that form a 
signaling platform that is required for heritable nuclear RNAi through 
the recruitment of a phosphatase. Overall, this thesis delineates novel 
modes and layers of regulation of the nuclear RNAi pathway and 
provides important biochemical insight into the pathway’s mechanism.  
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