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Escherichia coli 2|32 LHELESHS A RNase EQ| S01HH0|H|
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=olr)stm Xjoinjsichst Aatein}

W29 W44 el 2 LW AL ) H 24 RNase B A E W o] o RNAS) 289} L2 AAN A T 4%
Geg su, o] D Ye) EARYRIE EPSE N-LTHE$) 2] 498 o}n] AHN-RneyTHe) WO 2 E A X
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RNA®] “3% (maturation) 429} SF3A (stability) ATw §3A
2 8 Ao E AA3E $83 Qx}oltk. RNAS] 733} B3
T kg Z R B Ede) 3 3 o]Folxm
RNAS) 3 2ol e} R it Bl ais guai Jrg
3] A A (endoribonuclease)t B Q] RE-5] & A (exoribo-
nuclease)Z U= 4= AT}, Escherichia colid)X] mRNAS] £3fo]]
AN FAA GEE e AL YR PREF E 29
RNase E (Rne S22 4&A] lom Agold 713 & v
H 2B Balas 2o dhto|tkl, 4, 14). RNase EE E.
colZt AESR=T] Q1o P5AR Az A Wy
5 Blojud AXe AE 58E AT RNase BE AU
F717F 8ol EAskE By 7F=he] RNAS Az o2 Aksie
mRNAS} rRNA®] #38)7} JojuA 3k, 32, 21, 25). uk of
U} o] EA4F RNA, 16S rRNA L2]31 RNase PE JA33H=
M1 RNAGH 22 non-coding RNAS 7}Eal=d % 7|4E 3
ok &R UTh, 17, 18, 12, 13).

RNase B 1061712) opnjmilo 2 o)F0i7 118 kDa®] w9
A=A, 2 729 715l w24 Al A9 =) (domain)S
2 WolZith Roe Tl ojw|x7] 2o Huke RNAY]
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BES QXA Adsle Ves 7Y o] Fis X3
3led 4987)19] obuiAtute] MAE MEE vlRIAR 7)15A8S
7EAH AE T3 71e3ltk22). #H RNase EQ] 739 )3t
A7} AP WA RNase EQ] &4 FHo| RNase H, SI, 5
sensor, DNase 1, Zn 292 Small E9¢l S¢] o8] && ©w
JEE A ke 3lo] ¥ezth). 7l2847] F2e
T2 RNASF ZA¥sts vhildoA ol daHe of27)d
(arginine)*] %ol EZ3E RNA-AF o3 degradosome T+
AAehe =Ml g o]Fojx glth30). RNA degradosome E.
colidl A} RNAS] #3lje} 7Hgel] st thdlARFFA = A,
IR} AHEFH G 42 polynucleotide phosphorylase (PNPase)
9} RhIB RNA helicase, enolase, polyphosphate kinase (PpK),
poly(A) polymerase (PAPI), GroEL, Dnak 508 A S o] 3§l
TH3, 16, 20, 23, 27, 31). Enolase= 2 ThA}] #HE mRNA
o) F3FS 7X = HeZ LA o™ RNA helicase™=
PNPase®] §A42g-o| 214d uf 237} == 303 (hairpin) 7
28} 2L RNAY 23} FFE EolFw AdEs 3l A= ¢
22 ATh(24, 27). =3k RNase B poly(A) polymerase, 2F0|H
& ©A S1, RNase E9] @l As|AZ 427 RraA9}
RraB 50| F7H4 0.2 A9 < SIHh(G, 6, 10, 15, 28).

RNA FARAe] Zaiet 7haaAdel] Qloix] RNase E7F 8.8
716 grke Aol ¥y ¢HA ULl BP9
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RNase B7} RNA9| 573 F-ol] ZAgE 3tar 1S 3t A
S & T YA, L ol2g AL A8E sy Fad of
it 27 AR T 2 BAE 713 A 4A
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43 @77F JFHATH26). 124 o] WYL RNase B 715
< B84} A1717] 98t £55 FAFAGWC) B4 9
o] @A AMZ QI 72 Wit AVe §Y EAER
RNase E9] 7158 AIZ el dshedl $A7 9ok met
A] RNase E9] E34Q1 F138H2]Q 475 H3iXe AE9) 3
7R 71ee AR owA RNAS £a 7|Fo) dPe
7E & e oy 2dWelES A A¥E s W)
ot &AM o]y EAFE B3t RNase ES]
EAHOIAIE B 0E sl A7E F e Al2FE A

el QAct. o] A|28E 0838} RNase B HA8Y FE-S 7

33 Sl obv)i=lel 4997} ofeliedt 3 Sjuke] obvlwar
o Apoz 3| AZ A 395 RNase B9 715)
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A3t
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mFe Edtani=

meZ} AAD E. coli®] TF KSL2000S o] A 9] B4
A5 TH(13). N-Rne?] ZFH-7-o F292Q EddclE ¥
33 pNRNE4 Ztavi=(29) gho|lH s whE 7|
RNase B9 LSRR EM]=7] 1499 opr)ieihys 29
DNA ZZ+& error-prone PCRE ©|-8-3 SE3}31, Nodd Xbal
a2 B3 F pNRNE4 SehAv| o) 22 A3 3474
& o]-&38te] 231} Error-prone PCR §¥H3-2- o)Al Byt
g HPHE ARESFATH(1L). o)W AHE-E Zelo]™E Nme 5 5-
GAATTGTGAGCGGATAAC-3, Nme 3; 5°-CTACCATCGGCG
CTACGT-3’ o|t},

oy 4o
T =

EoHolx| el 22l2t SF

EdHol7} dojit N-Rne #lo]Beje]E 7} pNRNE4 Z2}
U2 AFQste] FAAF A17] KSL2000 55 1~1,000
pMe] PTG B 02%9] olei=z7} 7k wizlo] 719 %
el we} EFsIA

Western blot &4

RNase E¢} RNase E EUHOIAIES 7Fd KSL2000 FFE
1opme] 1PTG7F E3He wiAodlA 7]:& thg 0D,=0.27} S¥
IPTGE 100uMe] =A ¥o]Fo] N-Rne®: #HLd Al7]1
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0D =0.6°] & W7}42] 712t} Zobdl HEE-L PBS (phosphate
buffered saline) bufferS} SDS-PAGE sample buffer (100 mM
tris-Cl; pH 6.8, 4% SDS, 02% bromophenol blue, 30%
glycerol, 200 mM B-mercaptoethanol)el] ¥ 102 5<% B F
8% acrylamide Aol Felatdct. gald wi=o] Q) ¥
£ Versa Doc ©]7)A A|2=E3} Quantity One £2ZESOJE |8
sel 4 stck.

a4 o o

Error-prone PCRE 0|83l me -F7A1S] EALEZFE (7]
Ak 1-499)S FPEE DNAY) FAE G713 S doy|a
o] 23 WEIQ] pNRNE4] EE3}4] N-Rne M)A 2}
BEE 95t o]& KSL2000 A¥E W2 Adste] Fdd
A5 THEATE KSL2000 FFE GAALY] met AAE IS
™, M ¥ U}2] RNase E= pBAD-RNE Zehin|=2R2E] 235
), 71 98 AEE o}lg8) = E(arabinose) TESE|(PBAD) 2
st} A ETH(13). Tl RNase Be E4-3Q] @iz o]7]
) Fol] KSL2000 T35+ ofe}H| =2 (L-arabinose)7} $1= iAo
Me 2 5 gon, A4ER $EY RNase E 23S Asixe
0.1~0.2%2] o}ghuez7} ZFHE H x| A wljdstoiol #rt(29).
KSL2000 AlZo] RNase ES] obu=7] @eke] 4997) olm|=ib
(N-Rne)S H8A|7]= pNRNE4 ZEkAv|=E ARIAIA 324
82 271, o] ZIAT|=lA N-Rne® IPTGO 98] XA
= lacUV5 T2 RHERE $dEY, 10~100 pMS] PTGRHS
Z3Fst uj R4 pBAD-RNE Z2k2v|=ZHE] RNase E7} A
A=A Frizts KSL2000 AE] AAE 71sdA foha3).
N-Rne®] RNA ¥&%52 S Roeoll HI8] FslEz AE oA
Rned] 7152 A1) Y8 232 <Q1 A Roed] &
drTh 450 AT A et o] ALEE o83t
RNase E9] E484 Tr99] IR F2191342) £l
= 7HAE 1500099718 82E5E 1~1,000 M2 IPTG %= 0.2
%] olgfuli=zr} HrHe wiRe] 719M E@F w2t BF8h
Act.

ojg]3t 2=zEy #ANA IA A 7HA F3¥9 xEFL I}
Ae F2E5¢ 28 F A}tk £7E A 7HA9) £8E 7R
FE2E59 9718 2481 4] F3olA e opr|ieit A
8-S Tk FE& s Adsl 1 BAS YAFCE &4
3t A WA ofel==7} Sl viA]¢lA+ pBAD-RNEC]
A} @rE¥ RNase Eoll 93] AdHoz 4 4 AT PTGRH
EAHe viRl e 1 F5e) gl AR Rihe 2858
353k o] 2252 A4H RNase B9 715-& tiA3HA
B31=(non-complementing) ¥°]#] N-RneZ L¥3l= KSL2000
AEghe AL ¢ 4 Jd9THEg. 1, N-RneI6T). F HAlE= ol
H=z7] gl BlAlo)A IPTGE =7t W wl(ouM ©lshe
oE N-RneZ} &dE MEHT} 2 AARE PTG 558 5
ZIAA 00 uM o2 i AFHE e 7 AR Xske
FE5S JEa%thEFig. 1, N-Rne-R488C). PHARte.E o}t
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Fig. 1. Growth characteristics of cells expressing N-Rne mutants. KSL2000 cells harboring pACYC177 or pNRNE4 (wt, I6T, R488C, or N305D)
were individually tested on LB-agar medium containing 1-1,000 UM IPTG for their ability to support the growth of KSL2000 cells. Approximate

number of cells used in each spot is indicated.

=27} gl BRI PTG 571 B8 W uM)yE 2 2R
3R PTG T2 %ﬂf\lﬁﬁ(lo uM olih TP Al
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olgA Eeldt EAHNANEY AE WollHe FAHE golr
7] 913te] ob¥E N-Rne$} EAWolA] N-RneZ 247t WA A
ColE1-E}Y Zekar|=e] BA| S5 (copy numben)S Hlw sl R
A} Fig. 2). ol A RNase B= S84H|E DNAS EAS
sk AEJAlA 2F2IQ] RNALS HAE3he 23 ColE1-EHY)
EgavEe] BA 5 2H3e Ao® 49A don9),
RNase E 2@ A} @S9 AE WYojlae] RNA E3)58HS
2487 Y3t o] @Ade) de o) &-Ho] k13, 14, 15, 33).
ESUHOIA N-RneE W&31= pNRNE4 S2kP|SE ColBl-EF
Y Eg2m=EA o] Zekemze) BA) 4 53 RNase E ©
HAe] g o3 ZEE web HE YjolX pNRNEA4C]
o8 LHE N-RneZb A7} 22540 &3] 2] Sekav=
o] EAl 5 -3 =1 o]F 53] £Ho)A N-Rne?) Al
¥ U 248 31 & vk oREE N-Rne?} E9Wold) N-
RneE 77} WAAA Fepan| o] BA) 5 vlast] 2 Aw),
dhkel ofplegt X|&@o 2 Qs ok 715 ghAEA Bat
+ N-Rne-I6T9] 73-%, oF¥E N-RneZ} E =S ool vls]
pNRNE4-4 _\;!.z-]] _1_7]. 37% JE 71—/\6‘]— 74 0 :g)- arl 2= 2}\011:}

o] A7}Z 584 N-Rne-I6TE tH-E-2] RNA B853S A4
slgon olz Q8] AES} 4L Vbl 34 Rakg &kl
g 5 AT T e PTG RAE AT BFS s

Bl 3t N-Rne-R488CE ©F 3 N-Rneoll Bl&l ColE1-EF]
Eotiv|=o B4 5 2HH o}t F7IAHTE o] WolA= opA
3 N-Rneol HI3lY] =& RNA B8-S 7HH7) Wit
RNAFS T Eﬂzﬂﬂi ﬁH 3la 2 A3} ColE1-EFY Zaksm)
‘:—»] BA 7t o Z7F8 2 8-84 (hyperactive) G Ho A 2=
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Fig. 2. Decay of RNA 1. Plasmids digested with HindIlI restriction
enzyme, which has a unique cleavage site in all plasmids tested here,
were electrophoresed in 0.9% agarose gel and stained with ethidium
bromide. Plasmid copy number was calculated relative toa
concurrently present pSC101 derivative (pPBAD-RNE), the replication
of which is independent of Rue, by measuring the molar ratio of the
pBAD-RNE plasmid to ColE1-type plasmid (p)NRNE4 or pNRNE4-
mutants) and are shown at the bottom of the gel.
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32 7FA A9k ok 8 N-Rneoll BE}e] B2 o2 a484S
7}7431 )= (partially functional) HolAlgl= A& Q1 & 4 3
Atk

RNase E 3A|1ZS o] 23t Western blot 2 T‘—:} E3lo] oy
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Fig. 3. Expression profiles of Rne and N-Rne in KSL2000. To prepare
total proteins from KSL2000+pACYC177 (no arabinose) or KSL
2000+pNRNEA4, cultures were grown to middle log phase in the
presence of 0.1% arabinose, harvested, washed twice with plain
Luria-Bertani (LB) medium and reinoculated into LB medium
containing no arabinose (ODy,=0.1). They were further incubated for
150 min (OD,,=0.6) at 37°C and 250 rpm in the presence of 100 pM
IPTG to induce N-Rne expression, and harvested for total protein
preparation. The membrane probed with anti-Rne monoclonal
antibody was stripped and subsequently reprobed with anti-S1
polyclonal antibody to provide an internal standard. The relative
abundance of protein bands were quantitated using Versa Doc
imaging system and Quantity One.

%3 Z= N-Rne-R488CLHTF T o & N-Rneol] HIS| < F
HIAE Frlste EdRolAle] g%t Fekan|s BEAl4e) St
Aol FHHIS & T Y8 ole o] FASH Al~E
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RNAI ¥4} g 2358 IR 445k CoEl-EY] &
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AL F 9] FFAM 2T F ks ol QUiEe |
TH st} AT AE YoM RNase B/} S =] o
HE7F AE 58S Lo A He EA1F ] sloja el
AE ©]8%g RNase B9 71%& ¥3lE dle B olfeo]
At o] ARoME AE W FFHQ] 7eolle 9FE 71XA
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7} =919l 7)53} RNase E®] RNA #3712 o|al3l=t
=25 e ridigith

HAle| &

o] E=R-L 2007d% UL AT QuilTH) A9
o o2 2.

o

ok

=

1. Apirion, D. and A.B. Lassar. 1978. A conditional lethal mutant of
Escherichia coli which affects the processing of ribosomal RNA.
J. Biol. Chem. 253, 1738-1742.

2. Callaghan, A.J., ML.J. Marcaida, I.A. Stead, K.J. McDowall, W.G.
Scott, and B.F. Luisi. 2005. Structure of Escherichia coli RNase E
catalytic domain and implications for RNA turnover Nature 437,
1187-1191.

3. Carpousis, A.J., GV. Houwe, C. Ehretsmann, and H.M. Krisch.
1994. Co-purification of E. coli RNase E and PNPase: Evidence
for a specific association between two enzymes important in RNA
processing and degradation. Cell 76, 889-900.

4. Codon, C., J. Rourera, D. Brechemier-Baey, and H. Putzer. 2002.
Ribonuclease M5 has few, if any, mRNA substrates in Bacillus
subtilis. J. Bacteriol. 184, 2845-2849.

5. Feng, Y, H. Huang, J. Liao, and S.N. Cohen. 2001. Escherichia
coli poly(A)-binding proteins that interact with components of
degradosomes or impede RNA decay mediated by polynucleotide
phosphorylase and RNase E. J. Biol. Chem. 276, 31651-31656.

6. Gao, J, K. Lee, M. Zhao, J. Qiu, X. Zhan, A. Saxena, C.J. Moore,
S.N. Cohen, and G. Georgiou. 2006. Differential modulation of E.
coli mRNA abundance by inhibitory proteins that alter the com-
position of the degradosome. Mol. Microbiol. 61, 394-406.

7. Gurevitz, M. and D. Apirion. 1983. Interplay among processing
and degradative enzymes and a precursor ribonucleic acid in the
selective maturation and maintenance of ribonucleic acid mole-
cules. Biochemistry 22, 4000-4005.

8. Gurevitz, M., S.K. Jain, and D. Apirion. 1983. Identification of a
precursor molecular for the RNA moiety of the processing
enzyme RNase P. Proc. Natl. Acad. Sci. USA 80, 4450-4454.

9. Huang, H., J. Liao, and S.N. Cohen. 1998. Poly(A)- and poly(U)-



Vol. 43, No. 4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2L

specific RNA 3' tail shortening by E. coli ribonuclease E. Nature
391, 99-102.

Kalapos, M.P., H. Paulusb, and N. Sarkara. 1997. Identification of
ribosomal protein S1 as a poly(A) binding protein in Escherichia
coli. Biochimie 79, 493-502.

Kim, IM., H. Go, W.S. Song, S.M. Ryou, and K. Lee. 2006. Func-
tional analysis of the residue 789 in Escherichia coli 16S rRNA
and development of a method to select second-site revertants. Kor:
J. Microbiol. 42, 156-159,

Kim, S., H. Kim, L Park, and Y. Lee. 1996. Mutational analysis of
RNA structures and sequences postulated to affect 3' processing of

M1 RNA, the RNA component of Escherichia coli RNase P J.

Biol. Chem. 271, 19330-19337.

Lee, K., J.A. Bernstein, and S.N. Cohen. 2002. RNase G comple-
mentation of rme null mutation identifies functional interrelation-
ships with RNase E in Escherichia coli. Mol. Microbiol. 43, 1445-
1456.

Lee, K. and S.N. Cohen. 2003. A Streptomyces coelicolor func-
tional orthologue of Escherichia coli RNase E shows shuffling of
catalytic and PNPase-binding domains. Mol. Microbiol. 48, 349-
360.

Lee, K., X. Zhan, J. Gao, J. Qiu, Y. Feng, R. Meganathan, S.N.
Cohen, and G. Georgiou. 2003. RraA: a protein Inhibitor of RNase
E activity that globally modulates RNA abundance in E. coli. Cell
114, 623-634.

Leroy, A., N.F. Vanzo, S. Sousa, M. Dreyfus, and A.J. Carpousis.
2002. Function in Escherichia coli of the non-catalytic part of
RNase E: role in the degradation of ribosome-free mRNA. Mol.
Microbiol. 45, 1231-1243.

Li, Z. and M.P. Deutscher. 2002. RNase E plays an essential role in
the maturation of Escherichia coli t(RNA precursors. RNA 8, 97-
109.

Li, Z., S. Pandit, and M.P. Deutscher. 1999. RNase G (CafA pro-
tein) and RNase E are both required for the 5' maturation of 16S
ribosomal RNA. EMBO J. 18, 2878-2885.

Lin-Chao, S., T.T. Wong, K.J. McDowall, and S.N. Cohen. 1994.
Effects of nucleotide sequence on the specificity of rne-dependent
and RNase E-mediated cleavages of RNA I encoded by the
pBR322 plasmid. J. Biol. Chem. 269, 10797-10803.

Liou, G-G, W.-N. Jane, S.N. Cohen, N.-S. Lin, and S. Lin-Chao.
2001. RNA degradosomes exist in vive in Escherichia coli as mul-
ticomponent complexes associated with the cytoplasmic mem-
brane via the N-terminal region of ribonuclease E. Proc. Nail.
Acad. Sci. USA 98, 63-68.

Masse, E., EE. Escorcia, and S. Gottesman. 2003. Coupled degra-
dation of a small regulatory RNA and its mRNA targets in Escher-
ichia coli. Genes Dev. 17, 2374-2383.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

RNase E® 7)5%4 329
McDowall, K.J. and S.N. Cohen. 1996. The N-terminal domain of
the rme gene product has RNase E activity and is non-overlapping
with the arginine-rich RNA-binding motif. J. Mol. Biol. 255, 349-

355.

Miczak, A., VR. Kaberdin, C.-L.. Wei, and S. Lin-Chao. 1996.
Proteins associated with RNase E in a multicomponent ribonucle-
olytic complex. Proc. Natl. Acad. Sci. USA 93, 3865-3869.
Morita, T., H. Kawamoto, T. Mizota, T. Inada, and H. Aiba. 2004,
Enolase in the RNA degradosome plays a crucial role in the rapid
decay of glucose transporter mRNA in the response to phosphor-
sugar stress in Escherichia coli. Mol. Microbiol. 54, 1063-1075.
Morita, T., Y. Mochizuki, and H. Aiba. 2006. Translational repres-
sion is sufficient for gene silencing by bacterial small non-coding
RNAs in the absence of mRNA destruction. Proc. Natl. Acad. Sci.
USA 103, 4858-4863.

Ono, M. and M. Kuwano. 1979. A conditional lethal mutation in
Escherichia coli strain with a longer chemical lifetime of messen-
ger RNA. J. Mol. Biol. 129, 343-357.

Py, B., CF. Higgins, HM. Krisch, and A.J. Carpousis. 1996. A
DEAD-box RNA helicase in the Escherichia coli RNA degrado-
some. Nature 381, 169-172.

Raynal, L.C. and A.J. Carpousis. 1999. Poly(A) polymerase I of
Escherichia coli: characterization of the catalytic domain, an RNA
binding site and regions for the interaction with proteins involved
in mRNA degradation. Mol. Microbiol. 32, 765-775.

Tamura, M., K. Lee, C.A. Miller, C.J. Moore, Y. Shirako, M.
Kobayashi, and S.N. Cohen. 2006. RNase E maintenance of
proper FtsZ/FtsA ratio required for nonfilamentous growth of
Escherichia coli cells but not for colony-forming ability. .J. Bacte-
riol. 188, 5145-5152.

Taraseviciene, L., GR. Bjork, and B.E. Uhlin. 1995. Evidence for
an RNA binding region in the Escherichia coli processing endor-
ibonuclease RNase E. J. Biol. Chem. 270, 26391-26398.

Vanzo, N.F, Y.S. Li, B. Py, E. Blum, C.F. Higgins, L.C. Raynal,
H.M. Kirisch, and A.J. Carpousis. 1998. Ribonuclease E organizes
the protein interactions in the Escherichia coli RNA degradosome.
Genes Dev. 12, 2770-2781.

Walsh, AP, MR. Tock, M.-H. Mallen, V.R. Kaberdin, A.V.
Gabain, and K.J. McDowall. 2001. Cleavage of poly(A) tails on
the 3'-end of RNA by ribonuclease E of Escherichia coli. Nucleic
Acids Res. 29, 1864-1871.
Yeom, J.-H. and K. Lee. 2006. RraA rescues Escherichia coli cells
over-producing RNase E from growth arrest by modulating the
ribonucleolytic activity. Biochem. Biophys. Res. Commun. 345,

1372-1376.

(Received October 31, 2007/Accepted December 10, 2007)

ABSTRACT : Identification and Functional Analysis of Escherichia coli RNase E Mutants
Eunkyoung Shin, Hayoung Go, Youngmin Kim, Sejin Ju, and Kangseok Lee* (Department
of Life Science, Chung-Ang University, Seoul 156-756, Korea)

RNase E is an essential Escherichia coli endoribonuclease that plays a major role in the decay and processing of
a large fraction of RNAs in the cell and expression of N-terminal domain consisted of 1-498 amino acids (N-
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Rne) is sufficient to support normal cellular growth. By utilizing these properties of RNase E, we developed a
genetic system to screen for amino acid substitutions in the catalytic domain of the protein (N-Rne) that lead to
various phenotypes. Using this system, we identified three kinds of mutants. A mutant N-Rne containing amino
acid substitution in the S1 domain (I6T) of the protein was not able to support survival of E. coli cells, and
another mutant N-Rne with amino acid substitution at the position 488 (R488C) in the small domain enabled N-

" Rune to have an elevated ribonucleolytic activity, while amino acid substitution in the DNase I domain (N305D)
only enabled N-Rne to support survival of E. coli cells when the mutant N-Rne was over-expressed. Analysis of
copy number of ColE1-type plasmid revealed that effects of amino acid substitution on the ability of N-Rne to
support cellular growth stemmed from their differential effects on the ribonucleolytic activity of N-Rne in the
cell. These results imply that the genetic system developed in this study can be used to isolate mutant RNase E
with various phenotypes, which would help to unveil a functional role of each subdomain of the protein in the
regulation of RNA stability in E. coli.



