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Streptomyces coelicolor 2| 24LH
RNase ESS| ZgittE 1Y

Uz -

Escherichia colio| ] RNA 3] ¢} 7}3-¢]] 9l A F41 2 9l 98 -& 31 RNase E&] FFA] ¥l & 2l Streptomyces
coelicolor RNase ES®] Z 3 oA & A A A& o] 8-3te] A3l F7]dAHS o] 4-31+= polyphosphate
kinase$} 2] B 3 Al 9] 3-E-5) & 4~3] polynucleotide phophorylase2] 534 31 GPSI7} RNase ES¢} 7] A FHE=
A& el 3t 2 H, o] = 8. coelicolordl] X E. coli RNase ES- vl| 7| 2 -4 =] &= o} o] 2] B-314)] Q] degradosome©]
RNase ESol| &3] A= 4= 9l &S A8 A FALE de] "ol o] F AlFelA AA=E polynucleotide
phosphorylase 553 = A1 g ol A 2] RNA £3] 54 o] M2 FAIHS B9 v) o] 2] 8 A9 A3+ RNase ES7}
E. coli degradosome¥} AL 71553 F-2& 714 oAl B3hA & A TS A AHsHHL
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RNASQ] A< (maturation) $:59) QHEA
£59) 3 3z e ARE ARAE
Felld sk oy 24 4% tls] mRNA HgAe] =
S B3 F3A I RS FAH MRl EA tekst
A, AgA] wstel tigk 2491 v 7FsstAl e A
o= A4#A Utk RNAE #3l3hs 4= RNAS A7]ufd
olxbrzol] UAE 5olH Azl whe} vkS-3, RNACY =
Asle waaie] HuAle]l= RNAY vl7] = 11 7|5
AZgi}. o]e]gk RNAS] 71 2H8-3 8l 2h8-2 thdst 2li
A E B0 T AR O R o] Fo|A 1, RNAS o9 w3l
Sh=rlol wgl =24 2B AR) FE-5) § 4 (endoribonuclease) 2}
2] H 32k B3] § 2~ (exoribonucleases)®] F 7HAZ Us =
=3

E. coliFlA] mRNA E3dl] JojA S44< 9&s s AL
RNase E (Rne T2z A& A] lom, Alolxe 7P 2 B
Z9 gRIEHEL T shielt(, 3, 11). RNase EE
ribosomal 98 RNA FALA|ZHE p5S RNAE ArA)7= &4
2 A FEEAOM, AU f717} Bo] EAJsE T RNA H-
S Aoz Hash, titol e S B4 T
Aolg(1). 1 ¥ o] 4% tRNA, 16S rRNAS} RNase PE T
AJ3R= M1 RNASH 2 non-coding RNAZS 7He3h=tl= 4
-5 3, giFEe] mRNAS] #3ljol 7|oske ez dEA
o5, 14, 8, 10). RNase E= 1061719 olu]ito g o]FojH o
™ o] 7o) =) (domainyS 7HATL STk Rne Tl o] of

Az

(stability) AL
8% Aol Al

[e)
=

*To whom correspondence should be addressed.
Tel: 82-2-820-5241, Fax: 82-2-822-5241
E-mail: kangseok@cau.ac.kr

72

pu
(o)

pu—
o

v=7] FEo] Aike RNA 7158 7HAH, o] 715S 7
oMiey] K-S E3SE 498709 opn|islvio] WHHE AEx®
AJEo] 71531(16). 7H2EA Y] 52 olZ 7] (arginine)o] B
o] &= o] = RNA-ZE =wIQl, T18]3 degradosomes T
At Jde R REFH G4 polynucleotide phos-
phorylase (PNPase), RhIB RNA helicase, enolase, polyphosphate
kinase (Ppk), poly(A) polymerase (PAPI), GroEL, DnaK &°| Z
FAE o]F= THIJICZE o] FoJA] QUth2, 13, 15, 17, 19, 20).
RNA degradosome2 t’dtollA] RNA &3¢} 71l Bofs=
el A B3 2 4], RNase E9F PNPase= &34 oA tf&
TREEET I mRNAS 3] 285 9T F UEE F
HHolx 480 AZ2S 71535 kAL, enolase= FTIAR
FEE mRNA E3ljol] THo] e AR GeA Ak, 19).
S RNA helicases= PNPase?] aA4-Zrgo] 23 w w7}
== hairpin?} 22 RNA 23} 725 Fol5+ 9&S it o]
<)ol A 1z} RraA9} B(regulator of RNase activity A9} B)
7} Rne @A 9] Z}7] ofE B0 23O ZA] degradosome
o] AT E L] HlS-& vHEAL RNase B9 7155 7148 5olF
o7 Wafgo g A, AlEW FHA wdxE 7]%th4, 12).
o]2]gk RNA degradosome¥} FAFSH il HokA] 7}
Rhodobacter capsulatuso| A WAE|} o1}, o] B3 o4 PNPase
= EAEIA &2 Aoz GHA(6) E. coli degradosomed= 1
7150l 282t F28 5 vt

S. coelicolord| = E. coli RNase EQ] ojn|=7] HE-(o}n|=2}
1-498)7} 36% YAE Kol msths A7} EA18k=t], o]
FHAE meZt AASE E coli 754 EdSHHE RNase B
7IsE A = o, gk o] F312ke] 4H=?] RNase ES

S. coelicolor PNPase &ZA|?] guanosine pentaphosphate
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synthetase T (GPSDZ} A3zHh= Aol BAEHATHT, 11). °o] F
Alitel] Z2A81= PNPase ==A2] RNA EEAL AlEZo =
He] oA E colig} S, coelicoloro] EA3H= RNA degradosome
©] RNA &3¢} 7kl deixe] 7153 #e] ds 4 Stk
E AFollA] o] F T Fe] RNA £33l oA Asets &
A3} S, coelicolor RNase ES7} E. coli degradosome®] A3 cHil
2 F9o sl ppkst Adtsl=Aled tig 43S FAsieH
I ARE Bt

ME W
ool Hfnt CHHAE Fx|
RNase ESE HT&S|= S. coelicolor A3 (2)2} GPSIE 3
3= E. coli BL21(DE3)®] Wi} GPSIS] A= 7|& Hil
9} BYE W12 FPEAU E coli PNPase= Sigma
(USA) SJALERE] 48ttt

SHA| & T It Western 24

RNase ES9] &3} Western #2432 RNase ES T M-
RNase ES7} & S coelicolor®] S30 extractS ©]-83}a],
71ER 9} FY I (1D)SZ =331}, Ppkoll digh A=
Marie-Joelle Virolle BFAk(Institut de Gntique et Microbiologie,
UniversitParis XI, 91405 Orsay, France)fi—t,'—Ei Holdtolr)

RNA g2t 2aiff oflMlo]

poly(A) F7IES 3 kol ZIAG 21A] e WAksS &
3 lacZ@ RNAS] 933 A719EL 7R e}t FUg
(9202 3} th RNA 53] o4l 100 ng®] PNPase 5=
At 2 pmol9] lacZo RNAE 20 ule] oAle] &< [20 mM
Tris-HCI (pH 7.5), 1 mM MgCl,, 20 mM KCI, 10 mM
K,HPO,, 1 mM ATP, 1 mM DTT]ol| 43 Fof 37°CollA] w+g-
AlFom, Whg F 2,5, 1020 5o AES AFsk 5
A &NO95 % formamide, 0.25% bromophenole blue, 0.25%
xylene cyanol, | mM EDTA)#} 410JA] WEg-& A A1

4o o 1@

AHH W13 S coelicolor®] RNase ESS] A%} ¢z =3
Ao A PNPase?] 5= 491 GPSI©] RNase ESS} ZA&3lH,
RNase ES7} E. coli RNA degradosome™} A3+ Thif 2l B34
= o]E 7FsAS B FAtK11). E. coli PNPase@t GPSIS- o}
W= 2b i Eo] 44% FLIAIT o] F ThiiEo] RNA w3l
Aol ofwgh 5438 7HA I =Tl tigh AR = ik
(7). ©] 7 Aol RNA 354 AlSZ o= He] "old
E. coli$} S. coelicolordl EA3= RNA degradosome®] RNA
wale} 7hgell lejxe] 7)1 Bo] ol 4 Sl o] gt o]
Fr2 o] 7 THFe] RNA E3l5AS AldHolA19] RNA Z3f
o Ho]& Fate] dolrdtt 1 104 B mhe} Zol E

RNase ESo] ZAgichiz 73

protein

mRNA

E. coli PNPase S. coelicolor GPSI
lacZa —40A lacZa lacZ e —40A
min 02510025 10025100 2 5 10

lacZ a

— ae- se-

Fig. 1. RNA cleavage properties of E. coli PNPase and S. coelicolor
GPSI. Two pmols of in vitro synthesized lacZo. or lacZo. containing
40 adenosine nucleotides at the 3'-end (lacZo-40A) were incubated
with 100 ng of E. coli PNPase or S. coelicolor GPSI. Samples were
taken out at time intervals indicated and analyzed in a 6% acrylamid
gel containing 8 M urea. RNA bands of decay intermediates are
indicated with an arrow.
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Fig. 2. Co-precipitation of Ppk with RNase ES. C-terminally
hexahistidine-tagged RNase ES and its catalytic domain (M-RNase
ES) were overexpressed in S. coelicolor and immunoprecipitated with
monoclonal antibody to the His-tag. S30 cell extracts (lanes 1-3) and
immunoprecipitated samples (lanes 4-6) were separated in 6%
gradient SDS-PAGE and transferred to a nitrocellulose membrane.
The membrane was probed with polyclonal antibodies to Ppk and
GPSL. Lanes 1 and 4; S. coelicolor plus plJ6021, lanes 2 and 5; S.
coelicolor plus pRNES301 (RNase ES ), lanes 3 and 6; S. coelicolor
plus pRNES304 (M-RNase ES).

coli PNPase$} GPSIS JacZo. RNAS H-adle] H|S=3F =7)
el S Ao, o F %
RNA 3l #3853 (processivity) S 7L A2 AAFSH} =
St E. coli PNPase™= poly(A) G7[HIES 3 Tool| 717 RNA
£ g agdoz Fashs Aoz d#A d=d], o Agdl
AHEE poly(A) G7IHIEE 3 Dol 7FA lacZa RNA A E.
coli PNPasedll oJ3] U] &7z Rashe Zs A3tk
ol#|3}t 3 wke] EA3= poly(A) G771l 23t E coli
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= BEHYY o]23t AP A= E coli PNPase$} GPSE
AR 7153 B4E 71 BRI R E) 84S AXKETE
RNase ESol 9J3] A== RNA degradosome®] E. coli
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=TS Lol ] 3lA, E coli degradosome 732 =
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length) RNase ES$} A3tsle] A=, GPSIFF Z©] RNase
ESe] a8 Z=w|Ql(catalytic domain)?HS- 717 Tl M-
Rns¢h= 2838HA] Zdth(Fig. 2). ©] AP A= RNase ES7}
G408 =Rl FxF dF8S = = Ql(scaffold
domainyS- 538} Ppk9} GPSIZ} 23S, E coli degradosome
3} o] tre] TR o] FoX] RNA degradosomes B4
7¥e/dE ARG

9o] A3 ANE vlRo R E colithe ATH R B "ol
A S coelicoloro| = 1 7153 F+Z7} E. coli degradosome™}
AR Tl E9HA)71 RNase Esell 2s) A€ 5= 9lom,
RNA degradosome®] 8)AE-ojlA] RNA H3f|9} 71gol 414
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ABSTRACT : Identification and Functional Analysis of Proteins Interacting with Streptomyces
coelicolor RNase ES
Jong-Myung Kim, Woo-seok Song, Hyun-Lee Kim, Hayoung Go, and Kangseok Lee*
(Department of Life Science, Chung-Ang University, Seoul 156-756, Korea)

Using co-immunoprecipitation, we identified proteins interacting with Streptomyces coelicolor RNase ES, an
ortholog of Escherichia coli RNase E that plays a major role in RNA decay and processing. Polyphosphate
kinase and a homolog of exoribonuclease polynucleotide phosphorylase, guanosine pentaphosphate synthetase I
that use inorganic phophate were co-precipitated with RNase E, indicating a possibility of S. coelicolor RNase
ES to form a multiprotein complex called degradosome, which has been shown to be formed by RNase E in E.
coli. Polynucleotide phophorylase proteins from these two phylogenetically distantly related bacteria species
showed similar RNA cleavage action in vitro. These results imply the ability of RNase ES to form a multiprotein
complex that has structurally and functionally similar to that of E. coli degradosome.



