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Implications of Growth Arrest Induced by
Overproduction of RraB in Escherichia coli
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RNase E plays a major role in the degradation and processing of a large number of RNA transcripts
in Escherichia coli and forms the core component of the degradosome, a large protein complex
involved in RNA metabolism. RraA and RraB are recently discovered protein inhibitors of RNase E
and are evolutionarily conserved. In this study, we observed that, unlike RraA, overexpression of RraB
did not rescue growth arrest of E. coli cells overexpressing RNase E. To examine whether this
phenomenon stems from differential inhibitory effects of RraA and RraB on RNase E substrates, we
analyzed three in vivo RNase E substrates. The results showed that RraA inhibited RNase E activity
more efficiently than RraB on the degradation of RNA I, which controls the copy number of ColEl-
type plasmid, and rpsO mRNA encoding ribosomal protein S15, while RraB was unable to inhibit the
processing of pM1 RNA, a precursor of the RNA component of RNase P, by RNase E. Our results
imply that RraB inhibits RNase E activity in a more substrate-dependent manner than RraA and this
property of RraB may explain why overexpression of RraB could not rescue cells overexpressing
RNase E from growth arrest.
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Fig. 1. Effects of overproduction of RNase E and coexpression of RraA or RraB on E. coli growth. The cultures of KSL2003 cells harboring
pKANG6, pKANG6-RraA, or pKANG6-RraB, grown in LB containing 10 yM IPTG medium and 0.2% arabinose and no additional IPTG
(KSL2003+pKAN6+10 puM IPTG) or 1 mM IPTG (KSL2003+pKAN6+1 mM IPTG, KSL2003+pKANG6-RraA+1 mM IPTG and KSL2003+
pKANG6-RraB+1 mM IPTG), were added to the cultures at ODepo=0.1, and growth was monitored by analyzing cell density (absorbance at 600

nm) at indicated time intervals.
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Fig. 2. Effects of coexpression of RraA or RraB on ribonucleolytic activity of RNase E in vivo. (A) Effects of overproduction of RNase E and
coexpression of RraA or RraB on copy number of ColEl-type plasmids. Plasmid DNA was isolated from the cultures used in the growth curve
(Fig. 1) at ODgoo=0.6. Plasmids were digested with Norl restriction enzymes, which are unique sites in pLAC-RNE2 and pKAN6, pKANG6-RraA,
or pKANG6-RraB, respectively. Digested plasmid DNA was electrophoresed in 0.9% agarose gel and stained with ethidium bromide. Plasmid
copy number was calculated relative to a concurrently present pSC101 derivative (pLAC-RNE2), the replication of which is independent of Rne,
by measuring the molar ratio of the pLAC-RNE2 plasmid to ColEl-type plasmid (pKAN6, pKAN6-RraA, pKANG6-RraB). Densitometric
measurements of bands corresponding to each plasmid were converted to actual ratios after normalizing the values according to the size of
ColEl-type plasmids, and are shown at the bottom of the gel. (B) Effects of overproduction of RNase E and coexpression of RraA or RraB
on abundance of rpsO mRNA. Relative amount of rpsO mRNA was normalized by setting the amount of RT-PCR product obtained from
KSL2003 cells grown in the presence of 10 uM IPTG as one, and shown at the bottom of the gel. (C) Effects of overproduction of RNase
E and coexpression of RraA or RraB on processing of pM1 RNA. Percentage of pM1 RNA represents the ratio of pM1 and M1 band
hybridized to the probe. Total RNA was prepared from the cultures used in the growth curve (Fig. 1) at ODeg=0.6 and used for
semi-quantitative RT-PCR (B) and Northern blot analysis (C).
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