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Towards the unified principles of
transcription termination

Vladimir Svetlov* & Evgeny Nudler™?

Discovery of the role of bacterial RNase J1
in termination of transcription suggests
common allosteric principles and mecha-
nistic congruency of termination between
bacteria and eukaryotes, in which an unre-
lated RNase Xrn2/Ratl plays a similar role.
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See also: M Sikova et al (February 2020)

n its most simple conceptualization, RNA

synthesis in bacteria begins at a defined

DNA sequence recognized by RNA poly-
merase (RNAP) — the promoter — and ends
at another defined DNA sequence, called
terminator. Bacterial terminators are gener-
ally considered to be of two classes: intrinsic
terminators do not require factors other than
RNAP, or terminators dependent on Rho (a
widely, albeit not universally, conserved
RNA helicase [Fig 1]) (Porrua et al, 2016;
Roberts, 2019). Promoters and terminators
are often thought of as boundaries of tran-
scription units. Many, if not most, transcrip-
tion units in bacteria feature expansions of
this simple architecture through multiplica-
tion and combination of different types of
promoters and terminators/anti-terminators.
This combinatorial design of transcription
units allows for adaptive regulation of gene
expression. New work in The EMBO Journal
by Krasny and colleagues (Sikova et al,
2020) further investigates how termination
events, which occur when RNAP is unable
to complete RNA synthesis and stalls/arrests
before reaching the end of the transcription
unit, are resolved.

Bacterial RNAP is a highly processive
mechano-chemical machine that routinely
traverses several kilobases of DNA template
without dissociation, while synthesizing

RNA molecules thousands of nucleotides in
length. However, with yet-to-be rigorously
quantified frequencies, the transcribing
elongation complex (EC) encounters physi-
cal barriers that cause it to stall, such as
DNA-bound proteins or segments of
damaged DNA. A large fraction of these
stalled complexes retreat (backtrack), away
from such roadblocks, making them the
substrate for transcript cleavage factor(s)
GreA(B) (Nudler, 2012; Abdelkareem et al,
2019). Reactivated through GreA(B)-stimu-
lated generation of the new 3’ in the
nascent RNA, the stalled complexes can
resume RNA synthesis. Complexes that fail
to be reactivated in this fashion are often
removed from the DNA template in an act
of termination distinct from the intrinsic
and Rho-dependent termination mecha-
nisms.

Mfd, a DNA translocase capable of bind-
ing RNAP in vivo and in vitro, is a transcrip-
tion factor generally recognized to reactivate
backtracked ECs or terminate permanently
blocked ECs. Moving co-directionally with
transcribing RNAP as an ATP hydrolase/
helicase, Mfd is perfectly suited to induce
forward translocation of the EC (Le et al,
2018). In the absence of concomitant RNA
synthesis, such translocation is thought to
cause dissociation of RNA-DNA hybrid, and
the entire EC. Although the basic mecha-
nism of Mfd action is not in dispute, it is
known that Mfd is present in the cell at a
much lower concentration than RNAP (Sch-
midt et al, 2016) and that it lacks a discern-
ible mechanism to distinguish between
blocked, arrested, transiently paused and
active ECs. Combined with its even more
sporadic evolutionary conservation than that
of Rho (Fig 1), these properties of Mfd
suggest that additional factors involved in

termination of stalled RNAPs may/must
exist.

The report by Sikova et al (2020) identi-
fies a novel mechanism of resolving/termi-
nating stalled ECs by the action of RNase J1
in Bacillus subtilis, as a complementary or
alternative pathway to Mfd-mediated termi-
nation. The authors note that depletion of
RNase J1 in vivo leads to a significant
increase in RNAP density along some tran-
scription units without a concomitant
increase in the level of transcription, consis-
tent with the accumulation of unresolved
stalled ECs. Intriguingly, this identified role
of RNase J1 is reminiscent of the RNase-
dependent mechanism of Pol II termination
in eukaryotes, where Xrn2/Ratl terminates
ECs at the ends of the transcription units
(Nagarajan et al, 2013; Porrua et al, 2016).
Both RNase J1 and Xrn2/Ratl possess 5'-3’
exoribonuclease activities; Xrn2/Ratl func-
tion in termination depends on RNA cleav-
age by an external endoribonuclease
(cleavage and polyadenylation specificity
factor CPSF), whereas RNase J1 has an
intrinsic endoribonuclease activity whose
importance is yet-to-be rigorously studied.
The apparent functional overlap between
the two is remarkable: although the main
role of Xrn2 is to stimulate termination at
the ends of full-length RNA transcripts, it
might also function in eliminating stalled/
arrested complexes, similarly to RNase J1
(Eaton et al, 2018).

Consistent with its role in terminating
ECs, the authors found RNase J1 in
B. subtilis co-localizing largely with RNAP,
as compared to elongation-independent co-
localization with more widely distributed
RNA. In vitro RNase J1 efficiently terminates
stalled complexes of B. subtilis RNAP and
less efficiently those of Escherichia coli.
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Figure 1. Evolutionary distribution of the transcription factors Rho (blue), GreAB (orange), Mfd (green) and RNase J1 (purple) among Proteobacteria.
Figure generated using Aquerium (http://aquerium.zhulinlab.org/).

Heterologous 5'-3’ exonuclease Xrnl is
capable of doing the same, albeit with less
efficiency, whereas 3’-5' RNase R failed to
effect any detectable termination. These
observations led Sikova et al (2020) to

conclude that the 5-3’ directionality of the
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terminating exoribonuclease is of absolute
importance, with the efficiency of termina-
tion being further modulated by the struc-
tural differences in both the exonuclease
and the RNAP. We agree with this assess-
ment, although it is worth discussing

potential caveats. In addition to structural
differences, RNase J1 and Xrnl also diverge
in enzymatic activity: Xrnl does not appear
to exhibit similar intrinsic endoribonuclease
function as RNase J1, whereas, unlike RNase
J1, it acts to degrade single-stranded DNA
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and to promote single-/double-stranded
DNA strand exchange. Moreover, 5-3
exoribonuclease activity appears to be
necessary but not sufficient for termination
of stalled RNAP, as another 5-3’ exoribonu-
clease, Xrn2, failed to terminate bacterial
ECs.

Work studying the Pol II termination
mechanism has led to the proposition that a
CPSF-induced conformational change in
RNAP allosterically modulates its receptivity
to subsequently recruited Ratl/Xrn2 (Baejen
et al, 2017). We believe this to be true in
most, if not all, termination events, where
the common essential step is the allosteric
transition from the processive EC to the
dissociation-prone pre-termination complex
(Epshtein et al, 2007, 2010). This transition
enables vastly different molecular “devices”,
such as RNA hairpins, exoribonucleases and
RNA/DNA helicases to promptly disrupt the
highly stable EC. Consequently, the differen-
tial action of various 5'-3’ exoribonucleases
on B. subtilis transcription
complexes, reported by Sikova et al, is likely
to reflect their respective propensities to
induce such transition in cognate and non-
cognate RNAPs.

Overall, this discovery of the function of
RNase J1 in transcription termination in
B. subtilis reinforces the notion that the

and E. coli
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termination mechanisms are similar across
evolution in terms of the fundamental allos-
teric principles. Yet, they are more diverse
in bacteria than previously thought, calling
for a renewed search for other potential
termination factors.
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