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T4 Srd accelerates E. coli mRNA degradation via stimulating the activity of host
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Regulation of gene expression is of great importance to organisms and numerous studies have
been focused on this issue. Controls of gene transcription and mRNA decay are two critical
ways to achieve gene regulation. So far, transcriptional regulation has been much known.
However, although many ribonucleases have been identified in both prokaryotes and eukaryotes,
study of their effects on the control of mRNA decay is still on its way. Among ribonucleases
characterized to date, E. coli RNase E is one of the most studied endoribonuclease. RNase E is
an essential endoribonuclease involved in decay of bulk mRNAs as well as proéessing of rIRNA
and tRNA precursors. Cleavage of mRNA by RNase E is a major way of triggering mRNA
decay in E. coli. RNase E is a protein consisting of two domains: highly conserved N-terminal
catalytic half (NTH) and C-terminal scaffold half (CTH). Three components are recruited and
bind to the CTH to form a complex called RNA degradosome. Bacteriophage T4 shuts off gene
expression of the host immediately after infection, and quickly starts to express its own genes.
In parallel, RNase E rapidly degrades host [pp and ompA mRNAs, othérwise stable in uninfected
cells. However, the mechanism for activation of RNase E is still unknown. In this work, I
attempted to gain a new insight in the control of mRNA degradation by RNase E, through study
of bacteriophage T4 infection-induced host mRNA degradation.

First, comparison of the amount of RNase E before and after T4 infection using western
blotting showed no change, suggesting involvement of other factor(s). T4 infection may cause a
damage of E. coli membrane through T4 DNA injection, implying the envelope stress fesponse
(ESR) system that raises degradation of Ipp and omp4 mRNAs by recruiting RybB and MicA, |
respectively, small RNA-mediated RNase E cleavage. However, deletion of these small RNA
showed no effect on T4-induced host mRNA degradation. This result leaded to explore another
hypothesis that T4 factor(s) activate RNase E activity. After checking some T4 mutants with a
deletion of multiple genes, I found that srd with unknown function was involved in T4-induced

host mRNA degradation. The rapid degradation of host ompA and lpp mRNAs was partially




alleviated and a decay intermediate of /Jpp mRNA remarkably accumulated in cells infected with
T4 Asrd phage. Exogenous expression of Srd in uninfected cells impairs the cell growth and
accelerated the dec;ay of long-lived /pp and ompA mRNAs and a short-lived frx4d mRNA. In
addition, /pp(T) RNA, which had a sequence identical to the decay intermediate of /pp mRNA, |-
was also considerably destabilized by Srd. The destabilization of these RNAs by Srd was not
observed in RNase E-defective cells. RNase E cleaves mRNAs at internal sites either directly or
by 5'-end-dependent mechanism. The latter mechanism requires removal of a pyrophosphate
from triphosphate at the 5'-end of the transcript by RNA pyrophos;;hohydrolase (RppH) prior to
RNase E cleavage. Ipp(T) RNA, but not /pp mRNA, required RppH for Srd-stimulated
degradation, suggesting that Srd stimulates both direct and 5'-end dependent degradation
pathways of RNase E cleavage. Furthermore, pull-down and immunoprecipitation analyses
demonstrated that Srd physically associated with the N-terminal half of RNase E containing the
catalytic domain. Finally, the growth of T4 phage was significantly decreased by the disruption
of srd. These results strongly suggest that the stimulation of RNase E activity by T4 Srd is
required for efficient phage growth. '

To date, 01.11y three E. coli factors were identified as negative regulators of RNase E, and in
most cases they function under specific stress conditions. On the other hand, Srd may be the
first example of a general positive regulator of RNase E activity.  In future, investigation in
vitro to gain further insight into the regulation mechanism of Srd should be quite valuable to‘

understand the contro! of RNase E function.
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mRNA RO FHEHRRETFRABH BV TRLEELERTH Y, IKEHE & nRN FBOFEHZ L > TIThbi 5,
EEREGIC OO TIEMA R ARERSEN CTE A, nRNA ARSI EOEL BB TR EM L, nRNA
SEROEREE L CEIET S Rase R0 2004 MTRAEER TV SR, ZOPTHLXKIFHE O RNase E 3K bLTE
RICHFEEATHS, BFEFTRI M 7y —VEREBEFEL A ESIBEoRNA O FERTBEED RNase EICLD T &
CER LTI LEE 25, ZOBREN RNase EZORLEFLRVWEE LA THD L EMELEZ, ZOZLE
75 RNase E MEMZRETIATFOFENTFHRENLOT, BEETFE 14 77 —YRTFOTNFNO AN
oW TR LA CA T4T77r—VHFELTENLECHEBERA Thok Srd #AE L, ZORFE IR
KIBHETHRBREEHZ LA, Rase ECETFLTHEERNAOSREENST E o 2 5 b, Srd iLEM T RNase E
TR RS AR T = L Mo =, RNase E it mRNA 43 T- 0O PIERHEIG % AR GI0T T S48 L 5 Rigo— 1 Vg
WEFLCYMTABSL2F 26800 NTWED, FEFESHICEVAFOBEREEINLSILER
HL#, £, RNase E it NRMHIZIEHME F A4 >0 CHEMZ Rh1B ~ U 4~ A% Polynuceotide phosphorylase 72
FLESEEBmTA3RE FASL A ZHT DM, BREERXSHdANERA FAAL AICHET D LEHLRIITD
L L iz, RNase EOBMHEEDRINKEUMFA AN ORI L TLECSZ I L 2HELEL, IbD I b6,
Srd I4 RNase EfEMEZ# IEICHAEI T 2 RATF TH I L ERA LML o, 'RNaseE BEHEZECHESTAE X IRE
THLENTHWAEB I EPD, StADRBRWOM L Rol, 61, HHEHESIdATL 77— FOBERVEM
CREATHBEZEBTLE, LT, AHXIEL (BE) OFURXELTHAMELDI O LEBDH D,







