Journal of the Korean Chemical Society
1999, Vol. 43, No. 3
Printed in the Republic of Korea

CHEROIA AM451-M1 RNAQ| 3.-REF 74200 Bof3l=
2AS2 RE MMt O 84 XA}

ST - MEF - MER - FAB' - HCH
etz shaks
"AFojeta 5w
"Rl e e
(1999, 3. 8 %)

Partial Purification and Characterization of Enzymes Involved in the
Processing of Pre-M1 RNA at the 3' End in Escherichia coli

Hadong Kim, Jachyeong Ko, Bongrae Cho', Younghoon Lee' and Inwon Park*
Department of Chemistry, Seoul National University, Seoul 151-742, Korea
'Department of Chemistry, Chongju University, Chongju 360-764, Korea
Y Department of Chemistry, Korea Advanced Institute of Science and Technology,
Taejon 305-701, Korea
{Received March 8, 1999)

2 Ok WF#e) RNase P9 RNA ¥l M1 RNAE SA-Z mpB #0A12] F28 UAPAAHE AF-MI
RNAZNE 3 71522 4490 o] 7H #4871 gle A4 B84 F3 Ay 1 548 28k
ool B4 3L 2 AFE) kB 7T $Ao) BB HOE Bol, FFRESE o] AT
olFoiAl Ea FHAY AL A o] B P 3 WA slp i aagl d() o] o2 M)
W EA $YLE GAR, BL Y AA N 224 RNAS 7181 £ 48 Habech o] Ans £4 YA
= RNA #7271 B 2dithe RAE ARt 3-8 ARG B2 Y48 A s £4 AR, 3 7R
HAol o Hao) 23l dofuiw, o2 F 7} ol A2 2 dojdrie A& GA Y.

ABSTRACT. M1 RNA, the RNA component of RNase P from Escherichia coli, is produced by 3' pro-
cessing of pre-M1 RNA, a major primary transcript of the rnpB gene. The enzyme fraction containing the pro-
cessing activity was partially purified and characterized. Since exposute of the active fraction to the high salt con-
dition: results in the inactivation of the processing activity, the processing enzyme seems to be an enzyme com-
plex composed of multiple enzymes. The enzyme fraction loses the processing activity when treated with the
chemical nuclease lead(Il) ion, but regains its activity by the addition of RNA isolated from the enzyme fraction
itself, suggesting that an RNA molecule(s) may be essential for the processing activity. Analysis of cleavage sites
produced by the partially purified enzyme fraction also implies that the 3' processing occurs by multiple enzymes
and at least in two distinct pathways.
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< AN doldrhs A& Wk o] AnE AP
M1 RNA®] 3 2t} 7ol odu] Bage] o935tz
ke 2471 et 24, #2702 AE
9| &4 A iRl Zo] A9 ik & IF
of|4l&, AF-M1 RNA2| 7}233-& o)slisl]) 93l
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mM t] ] 2 E # o] E(dithiothreitol: DTT) 10 uL , 50
mM EDTA 10 pL, 0.1 M 2.0} S o9& 10 pL, &
= 83 mM 3F2=3} #H'dr)|2% 2 (phenylme-
thylsulfonyl fluoride: PMSF) 10 pLE 412 % 4°Cej)
A1 4217} 9hg-A 7t o] HFg-Eell 30 Lo 34
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= 32313, g AHE 3} F 5% FEelolayde}
PIE, 8 M falo} Aoy 7)o St Falsidc).
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7 hrE 2L 10% FRlojzYolrle, 8 M ¢}
A el A4 Arlelgsled Rejslgich ¥Rk
P2HES 3 9e P2 #X¢ A1F-M1 RNAS &
ol%t Bt FE-2 ARRsle T Tojie Al olr| A,
A, feid & BT oS opd™d) 3k
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Fig. 1. Structure of pre-Mt RNA. Only sequence and
secondary structure surrounding the processing site are
shown. The mature M1 RNA of 377 nucleotides is pro-
duced by 3' processing from pre-M1 RNA of 413 pu-
cleotides.

A2l E 71 Fehar| = pSEPMIE Al Z23H]
t}. Ze}Av)s pSEPM1 DNAES Dralo2 Hdsle]
de AHES T7 RNA FEELZ AgAelA
ZAksle] 4F-M1 RNAS A1 shsich(Fig. 1). 1%
Al A z& A-F-ML RNAE 3-ddel] Aol &)
#H= Al F-M1 RNA(4137) -Zel el =) 2749
2= o Az gkt el AF-Ml
RNAZ} 3uaiidel] 2709] FEe|eej=g o] 7HA) 2
AAE 3 73] 7| -el ks A By vt &l
o}.f A-7-M1 RNAS Zo)7} ¥l deid E4o]
o2& A-$ol= M1 RNAS Ui d<43Fo|(+
56141 +330712]) AAR ZA A+-ML RNAE A}
£3hlrh. o] A AF-M1 RNAE Ag3l A
whe-0 2 ody] §]sle] EabAr|e pSPA23 DNAYE
A8 A8e R, AAZE SP6 RNA FHE4E A}
g3t 24 AlF-M1 RNAE 3' 7p32] 7)Ale]
2 4 ik’

JB2&AL RE FE. KA 1500 A =24 S
30 382 It S30 YL B4 eFoR ¥
W AHAA ALY FYET 2 VR g ¥
A3t dl AMsRch(Fig. 2). 25-35% B34 &
o] 743k w9k, 25% o) 5t ¥ 35-45% £
oA e el ). B2, YA YRFLR
2y AL g 2040% 2G| A dFEe A
F--M1 RNA 7} 84-¢ 2% + i) zeid,

«— pre—M1 RNA
: «—— mature M1 RNA

Fig. 2. Differential precipitation of the 830 fraction by
ammonium sulfate. The S30 fraction was subfractionated
by adding varying amounts of ammonium sulfate. Each
ammonijum sulfate precipitate was assayed with P Ja-
beled pre-M1 RNA. The reaction preducts were analyz-
ed on a 10% polyacrylamide gel containing 8 M urea.
Lane 1, pre-M1 RNA alane; lane 2, 0-20% ammonium
sulfate precipitate; lane 3, 25-35% ammonium sulfate
precipitate; lane 4, 35-45% ammonium sulfate precipitate;
lane 5, 45-55% ammenium sulfate precipitate; lane 6, 55-
85% ammonium sulfate precipitate; lane 7, supematant
of 85% ammonium sulfate precipitation.

20-40% ¥ 7FEEAE o ARE7 $l3kS
DEAE-Sepharose® 2 2cle =g 3d, A&
o] 713 ZAdol F=AA deiRdel 2 o)fe o}
z) o 4 glont, 3t gt os A o Uy
B3 A2 R 7R RSl s dA,
P 2zrtEaAY Aol B3] 4 Aol
Hes 2 dolr] ez AWy 4 gt o2&
ol fr mFell, FAF kug £ HH2ILH 7
LS AASE ghE-e 2T, S30 £Roegy
B AAE ohA AApstgcl S30 £3& Sephadex
G100 A HE/)2 E2i¢ ¥, £8E9 7l 84S
BAsld, 2T 464 11587 F =& ¥
Hollx] &Aol P ZhskA EAHIAHFig. 3)
Sephadex G100& AH4-3F A H27|dA AL 7h%
4 2YueddA 115872y o FAov} pH
w3} ¢lo] 2t DEAE-Sepharase #ol]l 41 33}
2E =T 5 0 M4 0.35 M2] A8 7|&7]12 7}
A7 A A g e, Zk F8of 7 /A
S EAsldchFig. 4). 7k FAel sle 416l
50007121 8] 2YEL RolA 20% FejolgalEe
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Fig. 3. Separation of processing activities through
Sephadex G100 get! filtration. (A) Chromatogram of pro-
tein. Amounts of protein were determined by observing
absorbance at 280 nm. (B} Analysis of processing ac-
tivity of eluted subfractions. The truncated pre-M1 RNA
was incubated with eluted subfractions and the reaction
products were analyzed on a 5% polyacrylamide gel con-
taining 8 M urea. Lane 1, truncated pre-M1 RNA alone;
lane 2, S30 fraction; lane 3, subfractions 46 through 115;
lane 4, subfractions 116 through 258.

2 AFAA Al g 3o

M 71X) =SHEE0| 72 fA0 O|kis A8
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Fig. 4. Separation of processing activity through DEAE-
Sepharose column chromatography. Amounts of protein
(shown by +) was determined by observing absorbance
at 280 nm. Relative processing activities were shown by
asterisks (*),
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Fig. 5. Effects of various chemicals on processing ac-
tivity of 20-40% ammonium sulfate precipitation (ASP).
The processing activity of 20-40% ASP was analyzed in
the presence of various chemicals. The reaction products
were analyzed on a 5% polyacrylamide gel containing &
M urea. Lane I, truncated pre-M1 RNA; lane 2, trun-
cated pre-M1 RNA with 20-40% ASP; lane 3, as in lane
2 in the presence of DTT; lane 4, as in lane 2 in the
presence of EDTA; lane 5, as in lane 2 in the presence
of 2-mercaptoethanol; lane 6, as in lane 2 in the pres-
ence of PMSF.
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Fig. 6. Identification of processing sites at 3' terminal re-
gion of pre-M1 RNA. The truncated pre-M1 RNA la-
beled at the 3' end was incubated with the partially pu-
rified enzyme fractions and analyzed on a 10% po-
lyacrylamide gel containing 8 M urea. Lanes 1 to 3, al-
kaline hydrolysis ladders, G-modification, A-mod-
ification (A>G), C-modification (C>U), and U-mod-
ification, respectively, used as size markers; lane 6, the
S30 fraction; lane 7, the partially purified enzyme frac-
tion through DEAE-Sepharose column chromatography;
lane 8, the truncated pre-M1 RNA alone. The cleavage
sites were indicated on the right of the figure.

WellA 5087149 B8EL BE Y3 EAIA

= AREY 5 U] 9718 #4351 AR
& AalgrhFig. 6). S30 B3 +378H G Ajels}
+379814) A #te]S Aokelsd or], DEAE-Sepharose
@ azviezgde] 84 2L 437889 G 2k
o} +379812] A A2l ehizh, 43838 A A%
Aslglct o] AF AF-M1 RNAQL 7hgelle R
742 B Eage] Bshy glen, AL A
X F 71 MR & ARE dedrie AE
A&kt

Fig. 7. Reactivation of Pb**-inactivated enzyme fraction
by RNA malecules. The pre-M1 RNA internally labeled
with P was incubated with the following enzyme pre-
parations. The reaction products were analyzed on a 5.
5% polyacrylamide gel containing 8 M urea. Lane 1, no
enzyme; lane 2, the partially purified enzyme fraction
through DEAE-Sepharose column chromatography; lane
3, the enzyme fraction with the mock treatment of Pb*;
lane 4, the enzyme fraction treated with Pb*"; lane 5, the
enzyme fraction of lane 4 was further incubated for 15
min; lanes 6 and 7, the Pb*-treated enzyme fraction
with 100 ng and 400 ng of RNA isolated from the en-
zyme fraction itself, respectively; lanes 8 to 10, the Pb*"-
treated enzyme fraction with 100 ng, 400 ng, and 800
ng of tRNA, respectively.

7k 340 Pb¥ Ol20] 28 EHEIAS9L RNA
ol o8 XHEHAISL. PbMo 2 Melste] B3
72 34 23(%oll4 23 DEAE-Sepharose ¥ =2
el e 9& Bi)eln) 22 7E ¥4 ¥
oA &% RNAE Hristgd 73 &Ade] A
Aspgick. o AFAE Fig. 79| Vehdgich At
RNAZ} 100 ng®] o &4 3ka}2] ¢z =k, Aol
£ 400 ngo g w2l AFA3Edc). o Y,
tRNAE 800 ng7}A) F7hslod & 842 = Abolutz]
sttt o] A2 shE Aol oW 5HE RNA
o] sz doke AL ¢ F sdsich 53, +
3832] A Aleielld A S AP} F=9
7| A ot

o @

dubg e g #b A HAHL AL Yo S
30 8¢ 4 g M 2F 2 A, 0|2
2% 53 A 22eteady, A ABY] @ 229
Ex2s & Aok ), 34 G=E 2 A
HAEE o) a# 579l DEAE-Sepharose] 3 =

Journal of the Korean Chemical Society



tagella) Al7-M1 RNAY 3-2ed 7hgel| Bojshe 459 ¥ Ao 2 54 24 313

Zrie 2 o] A28 PAs 2z} 3k 7
BAe] FER|A "o}l o2 A=, B4
B & 2o odd 222y 44 s
g F s oy o] FolA ez Ar)e
Ao Az} A4, Apirion Q7%'"L RNase
I, RNase E, RNase PE-o] Wj 5 A2 T Ex)
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2 2R}, 437835} +379¢] F Awl zlElE, 40%
B F2F YR 28] 973 Altman?] 37
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22 Fxye}
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o] v&& 1997 ‘=3zl FAlte] FufA
ATH|2 AT H2ER old ZhAlhe}, rgh, o7
717F vkl A-Euiar 19983 s dFalp
o] #e g I oo Zhalytel,

g & 2 B

1. Perry, R. P.(1981) J. Cell Biol. 1981, 91, 28s.

2. Altman, S.; Baer, M.; Guerrier-Takada, C.; Reed,
R. E. In Gene Regulation; O’ Malley, B., Ed.;
Academic Press: New York, U. S. A, 1982; p 207.

3. Altman, S. Adv. Enzymol Relat. Areas Mol. Biol.
1989, 62, 1.

4. Gurevitz, M.; Jain, 8. K.; Apirion, D. Proc. Natl
Acad. Sci. 1983, 80, 4450.

5. Sakamoto, H.; Kimura, N.; Shimura, Y. Proc. Nail.
Acad. Sci. 1983, 80, 6187.

6. Reed, R. E.; Altman, S., Proc. Nail Acad Sci.
1983, 80, 5359.

7. Lundberg, U.; Altman, S. RNA 1995, 1, 327.

8. Kim, $.; Kim, H.; Park, I.; Lee, Y. J. Biol. Chem.
1996, 271, 19330.

9. Ehretsman, C. P.; Carpousis, A. I.; Krisch, H. M.
Genes Dev. 1992, 6, 149.

10. Miczak, A.; Srivastava, R. A. K.; Apirion, D. Mol.
Microbiol. 1991, 3, 1801.



314 £AE - BET - #EE - THE - FMoR

11. Mudd, E. A.; Carpousis, A. J; Krisch, H. M. Proc. Natl. Acad. Sci. 1977, 74, 5463,

Genes Dev. 1990, 4, 873. 16. Sambrock, J., Fritsch, E. F., and Maniatis, T.
12. Mudd, E. A; Krisch, H. M,; Higgins, C. F. Mol Maolecular Cloning: A Laborarory Manual; 2nd

Micrebiol. 199, 4, 2127. Ed.; Cold Spring Harbor Laboratory Press: New
13. Kim, S; Sim, S.; Lee, Y. Nucleic Acids Res. 1999, York, U. S. A, 1989,

27 , 89S, 17. Donis-Keller, H.; Maxam, A. M.; Gilbert, W. Nu-
14. Lee, S. J.; Jung, Y. H.; Park, C.-U.; Lee, Y. Mol cleic Acids Res. 1977, 4, 2527.

Cells 1991, 1, 415. 18. Donis-Keller, H. Nucleic Acids Res. 1980, 8, 3133.

15. Sanger, F.; Nicklen, S.; Coulson, A. R. (1977) 19. Peattie, D. A. Proc. Natl. Acad. Sci. 1979, 76, 1760.

Journal of the Korean Chemical Socieiy



