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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 exposure 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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A=t} 43-M1 RNAS 7FERe] 4o RNase
E7} QAshe 47) AfreA e B2 44930
9t ez Hol, AFE-Ml RNA 74 E
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AL, dAtolA RNA 7Hgo]| w2akz Heizl 3
7}9] RNaseE2 dovle Ao] ol A=) ALE
2 A% =2 AlAE(processeosome)o] 2= E-3HA|
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3. 33°CellA 3087k w17 Hhe A B HE
2383, e AN F ke AEE 55% F
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Fig. 1. Structure of pre-Ml 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 nu-
cleotides.
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RNA7} 3.l 209 $2H € =S o 7142
U= 3' 7HEe] 7]Ae] "rke A& R vl 9l
o}.? 1M1 RNAS] Zo|7} ulza) Zeix) #4o)
o2& 7-Fole M1 RNAS W¥ ALFHo|(+
56014 +33071%]) AAR A4 AF-M1 RNAE A}
4314} o] HAl AF-M1 RNAS A g3 AHA}
Wk o 2 ¢dy] $)3to] Eepanl= pSPd23 DNA'E
712 M3l AARE SP6 RNA FHEALE A}
43159k 24 AF-M1 RNAE 3' 7] 7)Ao
g 4’

JBEAQ HiE HA. AT 1500 A XA S
30 £3-& it} $30 £Y L i dwyo ¥
H PAAA ARG B
Mshe ol AR (Fig. 2). 25-35% £Y A &
o] 7V ERAL, 25% ©|5e] ¥4} 3545% ¥-¥
Al BAe] sict. 1B, YAk R oR
B AAAY ds 2040% EFoA] ohaie] A
#-M1 RNA 7} 84 & 3% 4 sl 284,

«+— pre—~M1 RNA
«+— mature M1 RNA

Fig. 2. Differential precipitation of the S30 fraction by
ammonium sulfate. The S30 fraction was subfractionated
by adding varying amounts of ammonium sulfate. Each
ammonium sulfate precipitate was assayed with >’P-la-
beled pre-M1 RNA. The reaction products were analyz-
ed on a 10% polyacrylamide gel containing 8 M urea.
Lane 1, pre-M1 RNA alone; 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% ammonium sulfate precipitate; lane 6, 55-
85% ammonium sulfate precipitate; lane 7, supernatant
of 85% ammonium sulfate precipitation.

20-40% #¥2 JFEAE W AEIH] 93l
DEAE-Sepharose® = Z2rlE 19 & 314 tH—‘,'—-‘i'—
2] 7+ 8Ao] TR A o). 1 olf+ o}
A & 4 g, 3k glw o JAY o U
B3 A g QW sbE-EAe] AEEe] A,
# Azvte Y GAA B AN AR
352 4st7] dELR2 A9y 4 Qo) o]’
olfr W&, WA 4xF ¥ JHo2ZNE JF
HAE AAISHe g o, S30 £y
B AAE oA AAskect. S30 £3& Sephadex
G100 A A=27|2 #=i% ¥, £Y59 /e 844
A5, FYU 3 466A 115H71A] & 22 &
oA Aol A A EAstEchFig. 3).
Sephadex G100& AF8-3F A AH=r|oA Q& 712
L4 BY@elA 115872y 4 24y pH
83} ¢lo] L) 2 DEAE-Sepharose Tol] Aw 3}
4F F=F 0 MolA 035 M| AY 77| 2 371
Al71AA id-g g, ZF 89 by 84
< EA3HFig. 4). 7HF 840] e 41delA
55 woli 20% ZlddaFe
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Fig. 3. Separation of processing activities through
Sephadex G100 gel 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."

F2 AAAA RS 33l

o3 J1X| 2aHR3Al0l 72 ®HAof 0jXl= HEk

A oleE 2040% #H FA E¥d| DIT,
EDTA, 293t E¢ehs, PMSFE 43 32 A3l
the, P2 Y H-EA FA AF-M1 RNAE 7]d
2 AHEe s 34e B3 A9E 4,
EDTA® Tz 2|A 712 &4& 7txrzieH, o
& AEL 71 A %S FA dsieh(Fig. 5).
EDTAS] 72 71 fAo] Al = AR Hel,
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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 8
M urea. Lane 1, 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 5, 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.

g 22 #37 veAA
ﬁc *3*3?—4 5 %%«1 A71E 43l "zl
£ AstdckFig. 6). S30 ¥ +378H2] G A=)}
+3799¢] A x2]E Achslg].on, DEAE-Sepharose
T z2vteadye] $A £ +37819] G A=
o} +3799] A AR ohiz), +383HY] A A=
Axdslsdct. o] A3 A7-M1 RNAY 7Hgell= ¥
7] e AAaEe] #edla 9lon, dduhgS A
oJx F 7HX9 AZ o HREE dojdrhs S
A et

3 4 5 6 7

Fig. 7. Reactivation of Pb*-inactivated enzyme fraction
by RNA molecules. 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.

12 &40 Pb™ 0|20] 22t EEHME2 RNA
Ol U8t xiBtAMSt. Pv™o = A2 3sle] ByAIY
74 B4 3 (oA ¥l DEAE-Sepharose 3 =
Frteadyz e E3)dc} 2L 84
Yol 23 RNAE ArIshd 78 8Ade] A&

A3y}, o AAE Fig. 7ol vepligich A

RNA7} 100 ng®d s A A Ba}7] 9, 274
£ 400 ngo 2 T2l ARAAT e B,
(RNAE 800 ng7}x] H71slel = B4-L S adoh}A
Qsket. o] A 71E BAIE ofF U RNA
Rae) Bejal Icke AL & 4 ATk 3, +
w32 A Alold A B AL T
A Qojteh.

n 3

%l“""‘-]——i & QA 32 AE el S
0 #32& d2 o i g=F 2H A, o)
A & a2ctE gy, A A=27] & 229
By & AR add), 3 ke 2E 3
A EL o] 3 4=x]2]l DEAE-Sepharose$] ¥ =
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Zrigadn g o AEs FAstzA 3
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A el 2 A3t o]z ¥t 2AdelA, S30 ¥¥&
Sephadex G1002.2 A A=73lw, A A=27]4dA
2L B ¥¥<$ 2olA| DEAE-Sepharose ©| 2 %
42 ¥ a2t et 2 ofA] A&t o] Wy
232 ¥R A Y52 AL ¢ 3o

£ ATl e 7HFEAE €53l 23k
AFsA ol asyg 23 AR AAES
o] 43l FHFEAe BA3 AR E AN
sl S30 ¥-8-& +3782] G A2l o} +379¢) A A}
2] & 3152, DEAE-Sepharose®] # A 2vlE
agH 2 FL 41dellA 50742 8] E-¥ L +378 3}
+379 72| o]9ell +3832] A Ale]& A3t S
30 ¥y} o] AHAE DEAE-Sepharose & =2 v}
Eady] £¥o] +383 A& Addh= A S 37}
2 Yehdohs AME S30 £l o] $Ae] o
A= ARt S o] ARk A A el
AA Aol Rzl WELE HHY 4 Qlch.
2} ol2jdt S 4o E o el @ BEL
Z A=) +3789) +3799) F A ABE, 40%
A 2y FYow 92 47313 Altmand] A+
Ae] ZAbsled B vy Al &5 X o
AT, +383 A2l oA LS AL oF7A] B
328 Ae] gict. o] AN, el HEas £
A Aoz +37837 +379 A} & Adsh= HA @
A3t 3835 Addhe F AL 4L R 9
m, A-7-M1 RNA®] 713343 &, 1A +383¢] Hdk
5 o 2d +379 =& +378 A7} vlE AdEHe
Ao F AR}

DEAE-Sepharose ¥ Z@ZrnlE 1l dla] Be|g
ZFEEA 8¢ PV ER4segtt. o] B8y
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33 o) L oA FZ3 RNAE 713}
o Fd JlFE LS Ao] AYAs g o] A
= 7FER 4 BA e oiE RNAVL 283tk
AL oJvljic). +3832] A Aj] oA 74l ) 4
AZA 3R AR eA o] A& A I
Ao A AT =AY, RNAS chifale] &3}
A AFHAE 7 4E R ez A4E
o} =3 o] EYA )} ool AAA HE
"Ao] YR BZ, B4 Ao W} Fol2o] ¥
f3lt= e 4 5 sl

2 dere 3 7FEAAd Rk A4 &
3 3R kAL 8 AR A
EA & ARl 7pAAT) g7 AAER o|Fo
2 B3A2 98 & U, E o] FlFasE
RNAE 982 dch= A& o 5 3lslcth o2’ o
T Z3= RNase P9 A#<] M1 RNAY] 7}3Hk3-
9] w7 EE sl AviElrt & Aolv, 4o
B 7 EAE AARE v 7280 € Zle
2 373

o] =& 1997 V=R FADES] FEA
AN 2 QArE ] eng o) AR} =j, AF
717 & vl A&ty 19983hd e HFws
2] =& qigl.en 2 o] FHAFRICE.
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