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In this issue of Molecular Cell, Skourti-Stathaki et al. report that human Senataxin, like its
yeast homolog Senl, promotes termination by RNA polymerase Il and resolves RNA/DNA
duplexes formed during transcription. Their results may help uncover a cause of motor
neuron degeneration.

Transcription termination by eukaryotic RNA polymerase 11 (Pol Il) must be tightly
controlled. How else could the same core enzyme synthesize both a 200-nucleotide long
small nuclear (sn) RNA and the >2 million-nucleotide long dystrophin pre-mRNA? The stop
sign for Pol Il is recognized in the nascent transcript rather than the DNA, and differs for
different classes of transcripts. The termination signal for most mMRNAs is the poly(A)
signal, so cleavage and polyadenylation factors also act as termination factors (Kuehner et
al., 2011). The termination factors for short, non-coding Pol Il transcripts, such as SnRNAs
and small nucleolar (sno) RNAs, were first identified in yeast, and include the Senl helicase
and two RNA-binding proteins, Nrd1 and Nab3 (Steinmetz et al., 2001). These three
proteins associate directly or indirectly with Pol Il by binding to each other and to the C-
terminal domain (CTD) of the largest Pol Il subunit, Rpb1 (Fig. 1). Binding of Nrd1 and/or
Nab3 to specific sequences in the nascent transcript somehow results in Sen1-dependent
termination of Pol Il transcription. Humans have a Senl homolog, but it was unknown if it
also functions in Pol Il termination. In this issue of Molecular Cell, Skourti-Stathaki et al.
(2011) provide direct evidence for the function of human Senl in transcription termination.

Interest in human Senl is heightened by the discovery that mutations in its gene (SETX)
result in two diseases caused by motor neuron degeneration: ataxia ocular apraxia type 2
(AOAZ2) in the case of recessive mutations and amyotrophic lateral sclerosis type 4 (ALS4)
in the case of dominant mutations (Lemmens et al., 2010). Thus, human Senl is called
Senataxin, short for Sen1 homolog associated with ataxia (lack of muscle coordination). It is
intriguing that AOAZ2 is strongly correlated with elevated alpha-fetoprotein levels in the
serum, consistent with misregulation of gene expression (Anheim et al., 2009).

In the current study, Skourti-Stathaki and coworkers depleted Senataxin from HeLa cells by
RNAI and observed read-through of the Pol 11 terminators of two transiently transfected
reporter constructs, as well as the endogenous beta-actin gene. Chromatin
immunoprecipitation across the beta-actin gene showed that Senataxin is enriched between
the poly(A) site and a downstream transcription pause site that enhances termination,
consistent with a direct role of Senataxin in the process. Why does depletion of Senataxin
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affect termination on protein-coding genes? While genes for short, non-coding transcripts
are a primary target of yeast Senl, some protein-coding yeast genes also require Senl for
efficient termination (Steinmetz et al., 2006b; Rondon et al. 2009). Thus, the human and
yeast results are congruent.

The mechanism of Senl-dependent termination is still a mystery. Senl may be functionally
analogous to the bacterial Rho termination factor (Peters et al., 2009). Like Rho, Senl isa
5'-to-3' RNA translocase in vitro (Kim et al., 1999), and so could track down the nascent
transcript until it collides with Pol Il. As proposed previously for Rho, Senl could then
either yank the nascent transcript out of the Pol |1 active site or alter Pol I1’s conformation to
induce termination. Of possible relevance to the latter model is the fact that a substitution in
the Rpb11 subunit at the back end of yeast Pol Il induces read-through of some Sen1-
dependent terminators (Fig. 1).

However, the ability of Senl to unwind RNA/DNA duplexes in vitro (Kim et al., 1999)
compels the consideration of alternative mechanisms of termination. Indeed, Mischo et al.
(2011) found that a mutation in yeast Senl that inhibits Pol Il termination results in
accumulation of RNA/DNA hybrids (R-loops) along genes in vivo, indicating that
unwinding of R-loops may be an important step in termination. Skourti-Stathaki and
coworkers obtained similar results with Senataxin-depleted HeLa cells, leading them to
propose that R-loops are more common in vivo than previously believed, and that their
resolution by Senl/Senataxin is a necessary step in transcription termination by Pol 1. R-
loops form when the nascent transcript invades duplex DNA after both emerge from RNA
polymerase, but it is generally thought that RNA-binding proteins coat the nascent transcript
and prevent it from base-pairing with DNA. The method of R-loop detection used in these
studies does not allow determination of the fraction of cells that have R-loops on a given
gene, so it is possible that some or most termination events occur without R-loop formation
and resolution. Further studies will be required to resolve this issue.

Many other questions still remain to be answered. The human homologs of Nrd1 and Nab3
have not been identified. In yeast, substitutions in the RNA-binding domains of Nrd1 and
Nab3 result in read-through of some Senl-dependent terminators. Are mutations in the
genes for human homologs of Nrd1 and Nab3 responsible for related neurodegenerative
disorders, or do the AOA2/ALS4 mutations affect a function of Senataxin that is
independent of such factors? The genome-wide targets of Senataxin are as yet unknown.
Most human snoRNAs are processed from pre-mRNA introns and thus do not have
transcription terminators, and human snRNAs use a specialized termination pathway distinct
from the Senl pathway (Kuehner et al., 2011). But we now know that there are many other
non-coding RNAs in humans, which are potential targets for Senataxin. Are genes for any
such transcripts adjacent to genes important for motor neuron survival, or to the alpha-
fetoprotein gene that appears to be misregulated in AOA2? What is the mechanism of Sen1-
dependent transcription termination, and how do the AOA2/ALS4 substitutions interfere
with this mechanism (if indeed they do)? Among the rewards of the challenging studies
required to answer such questions will be new insights into, and possible therapeutic
approaches for, crippling neurodegenerative disorders.
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Figure 1.

Schematic of the yeast Senl-dependent termination machinery scanning a nascent transcript.
Elongating yeast Pol 1l is shown in gray (PDB #1Y1W), with the Rpb1-C-terminal domain
(PDB #1SZA), DNA and RNA modeled in. The red residue in the Rpb11 subunit of Pol Il
causes Senl-dependent terminator read-through when mutated (Steinmetz et al., 2006a). The
order of the Senl, Nrd1 and Nab3 proteins along the nascent transcript and Rpb1-CTD is
unknown.
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