
6S RNA
A RNA template for the DNA dependent RNA polymerase

Marcus Lechner

Philipps-Universität Marburg

30th TBI Winterseminar in Bled, February 2015

1 / 16



Introduction: History of 6S RNA

1967: identified in E. coli

1985: no obvious growth defects

2000: accumulation during stationary phase

2004: overexpression leads to inhibition of transcription

2005: specific binding of 6S RNA to RNAP1

2005: conserved in many bacteria

2006: RNA synthesis similar to DNA-templated transcription2

2006: release of RNAP when 6S RNA:pRNA duplexes are formed

1RNAP = RNA polymerase
26S RNA templated transcripts are called pRNAs
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Deep sequencing of pRNAs

poly(A) library

Length Reads Sequence
14 35 GUUCGGUCAAAACU

13 48 GUUCGGUCAAAAC

8-12 492 GUUCGGUCaaaa

7 7 GUUCGGU

poly(C) library

14 109 GUUCGGUCAAAACU

12-13 97 GUUCGGUCAAAAc

11 253 GUUCGGUCAAA

10 368 GUUCGGUCAA

9 497 GUUCGGUCA

7-8 200 GUUCGGUc

Illumina sequencing (RNAs ≤ 200 nt) from B. subtilis
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3D model

Source: Steuten et al., 2014
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3D model
open conformation closed conformation

5'- -3'
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Atomic force microscopy

Source: Wikipedia
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Atomic force microscopy
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Atomic force microscopy
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Atomic force microscopy
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Atomic force microscopy

⇒
−pLNA +pLNA

LNA = modified RNA that binds much more tightly
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6S RNA paralogs in Firmicutes

Source: Wehner et al., 2014
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6S-2 RNA in B. subtilis
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6S-2 RNA - sequence and structure conservation

concentrations and in the presence of 200 µM each NTP was
compared. While 6S-1 RNA gave rise to the 14-mer pRNA as
the main “longer” product under these conditions, in line
with previous findings (Beckmann et al. 2011, 2012), the pre-
vailing pRNA products were 13–16 nt in length when 6S-2
RNA served as the template (Fig. 2, lanes 10–14), the 14- and
15-mers being most prominent. Our findings demonstrate
that 6S-2 RNA shares the capacity with 6S-1 RNA to serve
as a template for pRNA transcription in vitro. A difference
between the two is the broader pRNA length spectrum seen
in the case of 6S-2 RNA-derived pRNA transcription (Fig. 2).

Affinity of 6S-1/2 RNAs for B. subtilis σA-RNAP

An electrophoreticmobility shift assay (EMSA)was employed
to study 6S-1/2 RNA affinity for the B. subtilis σA-RNAP. For
this purpose, 5′-32P-labeled 6S-1 or 6S-2 RNA was incubated
with increasing amounts of σA-RNAP holoenzyme in the ab-
sence of NTPs, followed by 7.5% nondenaturing PAGE anal-
ysis (Fig. 3). This revealed similar Kd values for 6S-1 RNA
(Kd≈ 100 nM) and 6S-2 RNA (Kd≈ 135 nM) (see Fig. 3).
Approximately 85% of the σA-RNAP holoenzyme batch
used in Figure 3 was capable of 6S RNA binding (Supplemen-
tal Fig. S2). We conclude that 6S-1 and 6S-2 RNAs have very
similar affinities for the B. subtilis σA-RNAP holoenzyme.

Competition of 6S RNAs with DNA
promoters

Based on studies performed so far only in
the Escherichia coli system, an inherent
function of 6S RNAs is to compete with
DNA promoters for binding to the
housekeeping RNAP holoenzyme, σ70-
RNAP in E. coli (Wassarman and Saecker
2006). Thus, an approach to compare
6S-1 and 6S-2 RNA function is inhibi-
tion of DNA transcription in the pres-
ence of increasing amounts of 6S RNA.
For this purpose, we selected two well-
studied σA-dependent B. subtilis DNA
promoters, the veg promoter, which is
constitutively expressed during vegetative
growth (Fukushima et al. 2003), and the
ribosomal rrnB P1 promoter (Fig. 4A).
B. subtilis RNase P RNA was employed
as a control RNA for which no specific
binding to σA-RNAP was expected. In
such competition assays, the DNA pro-
moter and σA-RNAP (each 100 nM)
were pre-incubated with increasing con-
centrations of 6S-1, 6S-2, or RNase P
RNA (0.1–2 μM) before transcription
was initiated by addition of NTPs (Fig.
4B,C). Both 6S RNAs showed consider-
able and comparable inhibition already

at 100 nM in reactions with the veg promoter. In contrast,
the control RNA (RNase P RNA) had very little effect on
transcription, with possibly some nonspecific inhibition at
its highest concentration (2 μM) (Fig. 4B). A similar outcome
was observed for transcription driven by the rrnB P1 promot-
er, although 6S RNA-mediated inhibition effects appeared
somewhat weaker (Fig. 4C) than for the veg promoter (Fig.
4B). We additionally analyzed four B. subtilis promoters
(rrnO, argC, appD, cspB) and one B. subtilis phage ϕ29 pro-
moter (C2ϕ29), which showed similar trends as the veg and
rrnB P1 promoters (data not shown). Although we are aware
that inhibition in vitro at a few DNA promoters does not
allow conclusions about which genes are affected by 6S-
1/2 RNAs in vivo on a global scale (Cavanagh et al. 2008;
Neusser et al. 2010), our findings provide first evidence
that 6S-1 and 6S-2 RNAs have comparable capacities to effec-
tively compete with DNA promoters for binding to σA-
RNAP, in line with their very similar affinities for the enzyme
(Fig. 3).

6S-2 pRNA transcription changes 6S-2 RNA structure
and decreases affinity for RNAP

It was shown that pRNA ∼14-mers transcribed by B. subtilis
σA-RNAP from 6S-1 RNA rearrange the 6S-1 RNA structure

A

B

FIGURE 1. Consensus secondary structures of (A) 14 different 6S-1 and (B) 16 different 6S-2
RNAs according to mlocarna (Will et al. 2007) and RNAalifold (Bernhart et al. 2008) using de-
fault parameters. The 6S-1 and 6S-2 RNA species selected for the prediction are derived from
Firmicutes, for which two 6S RNAs were identified in their genomes, one falling into the 6S-1
and one into the 6S-2 RNA cluster (for further details, see text and Supplemental Fig. S1). The
black arrows depict the experimentally determined starting points for pRNA transcription in
B. subtilis (Beckmann et al. 2011). Theminimum free energy of the 6S-1 RNA consensus structure
is −95.08 kcal/mol and that of 6S-2 RNA, −92.77 kcal/mol. Circle outline colors depict the prob-
ability to be unpaired or paired; residues marked in red have a high probability, i.e., their single-
stranded or paired state is well-defined. Letters represent the most frequent base at the corre-
sponding alignment position. Red letters in uppercase indicate highly conserved bases with an
occurrence of >90%, or >75% indicated by red lowercase letters. Black letters in uppercase indi-
cate nucleotide identities conserved in >50% of the sequences. A small black letter is used for po-
sitions with lower or no conservation in the alignment. Empty circles indicate nucleotide
insertions in a minor fraction of sequences.
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6S-2 RNA - is a bona fide 6S RNA

Similarities

conserved structure

conserved pRNA sequences

inhibition of transcription from DNA promoters

pRNA transcription

Differences

accumulates in exponential phase (rather than stationary)

less efficient pRNA transcription

6S-2 RNA:pRNA hybrids are less stable
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