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Recent studies showed that two homologous yeast proteins, Rail and Dxo1, function in a quality control mechanism to clear cells of
incompletely 5' end-capped messenger RNAs (mRNAs). Rail possesses a novel decapping activity that can remove the entire cap
structure dinucleotide from an mRNA. This activity is targeted preferentially towards mRNAs with unmethylated caps in contrast to
the canonical decapping enzyme, Dcp2, which targets mRNAs with a methylated cap. Dxo1l also has robust decapping activity on RNAs
with unmethylated caps, but it has no detectable pyrophosphohydrolase activity. Unexpectedly, we found that Dxo1 also possesses
distributive, 5'-3' exoribonuclease activity, and we named Dxol (originally Ydr370C) for this new eukaryotic enzyme with both
decapping and exonuclease activities. Studies of yeast in which both Dxol and Rail are disrupted reveal that mRNAs with incomplete
caps are produced even under normal growth conditions, in sharp contrast to current understanding of the capping process. Here, we
introduce that their mammalian homolog, Dom3Z (referred to as DXO), possesses pyrophosphohydrolase, decapping, and 5'-3'
exoribonuclease activities. Surprisingly, we found that DXO preferentially degrades defectively capped pre-mRNAs in cells. Additional
studies show that incompletely capped pre-mRNAs are inefficiently spliced at all introns, a fact that contrasts with current
understanding, and are also poorly cleaved for polyadenylation. Crystal structures of DXO in complex with substrate mimic and
products at a resolution of up to 1.5 A provide elegant insights into the catalytic mechanism and molecular basis for their three
apparently distinct activities. Our data reveal a pre-mRNA 5' end capping quality control mechanism in mammalian cells, indicating
DXO as the central player for this mechanism, and demonstrate an unexpected intimate link between proper 5' end capping and

subsequent pre-mRNA processing.
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